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INTRODUCTION
1 Scope

1.1 These requirements cover fixed and stationary power converters, power-converter systems, and
accessories having a rated nominal input of 120, 120/240, or 240 V, alternating current and a nominal
output of 60 V or less, direct current. Additionally, a power converter may have a rated nominal input of 12
— 60 V, direct current. These converters are intended for use within land vehicles where not directly
exposed to outdoor conditions and are intended to be employed in accordance with the National Electrical
Code, NFPA 70.

1.2 These requirements also cover fixed, stationary and portable power inverters and power-inverter

systems havi
output. These
conditions an

1.3 These

batteries. Bat
and the batte
measures for
batteries unle

1.4 Power
connection to

1.5 Power-inverters and converters supplied by DC"circuits covered by Part | of this

intended for ¢

1.6 Convert
branch circuit

1.7 A powe
assembly. A
disconnect, m
with the appl

Power converter systems'and power inverter systems also employ circuitry as described in ]

ng a dc input and a 120 or 240 V ac single phase output or up to 600Y/346

eries intended for use with these systems are lead acid batterigs or lithium b
ies are intended to comply with applicable battery standards‘and be provided
discharging and charging. These products are not intended to provide protg
5s specifically included and evaluated as part of a system.

established 15- and 20-A branch circuits within.a recreational vehicle.

pnnection to a nominal 12 to 60 V dc battery supply.

5 are investigated under the requirements in Part | of this standard.

-converter or power-inverter system is intended for direct connection to a
system for connection of three or less line-voltage branch circuits, not incly
ay optionally be-evaluated in accordance with the requirements in Part |l of th
cable requirements for a Class CTL panelboard in the Standard for Panelb

three-phase

inverters are intended for use within land vehicles where not directly €xposed to outdoor
| are intended to be employed in accordance with the National Electrical Code| NFPA 70.

equirements also cover converters/inverters that are additiopally intended to charge

sed batteries,
with protective
ction to these

onverters supplied by AC circuits covered by Part | of this standard are intended for

standard are

brs and inverters incorporating*provisions for the connection of less than thrge line-voltage

power-supply
ding the main
s standard, or
oards, UL 67.
.4 and 1.5.

oltage branch
r a Class CTL

1.8 A powef-converter or power-inverter system provided with more than three line-V
circuits, not includirig the main disconnect, is investigated to the applicable requirements fdg
panelboard inthe-Standard-for-Panelbeards- U6+

1.9 Converters and inverters incorporating provisions for the connection of more than three line-voltage
branch circuits are judged under the requirements in Part | of this standard and the applicable
requirements for a Class CTL panelboard in accordance with the Standard for Panelboards, UL 67.

1.10 Eachp
2 Glossary
2.1

ole of a multiple-pole circuit breaker is a separate circuit.

For the purpose of this standard the following definitions apply.
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2.2 ACCESSIBLE PART — A part located so that it can be contacted by a person, either directly or by
means of a probe or tool during user servicing, or that is not recessed the required distance behind an
opening.

2.3 BARRIER - A partition for the insulation or isolation of electric circuits, for the isolation of electric
arcs, or for isolation of moving parts or hot surfaces. In this respect, a barrier may serve as a portion of an

enclosure or as a functional part.

2.4 BRANCH CIRCUIT — That portion of the wiring system beyond the final overcurrent protecting device
on the power-distribution panel protecting the circuit to the output.

2.5 CIGARETTE LIGHTER CONNECTOR — The male connector provided as part of a vehicle battery

adapter for ing

2.6 CLASS?
not more than
with the appl
Requirements
Transformers,

2.7 CONTR(
that, in turn, g
carry main poy

2.8 ENCLOS
part that may
flame, sparks,

2.9 FIELD-W
an installer.

2.10 FIELD-
connected by
product and a
for making the

211 FIXED

212 FLUSH

ertion into a cigarette lighter receptacle or a power outlet.

TRANSFORMER - A step-down, isolation type transformer having a‘second
30 Vrms (42.4 peak) under any condition of loading including openJcircuit 3
cable requirements in the Standard for Low Voltage Transformers — Pa
UL 5085-1 and the Standard for Low Voltage Transformers«~Part 3: Class
UL 5085-3.

DL CIRCUIT — A circuit that carries electric signals directing the performance
bverns power delivered to a motor or other load in‘the”equipment. A control ¢
ver current.

URE - That portion of a unit that reduces\the accessibility and unintentionz
nvolve a risk of fire, electric shock or injury to persons, or reduces the risk of
and molten metal initiated by an electrical disturbance occurring within.

IRING LEAD — Any lead to which-a supply, load or other wire is intended to be
IWIRING TERMINAL - Any terminal to which a supply or other wire is in
an installer in the_ field is a field-wiring terminal unless the wire is provided

pressure terminal,.connector, soldering lug, soldered loop, crimped eyelet, o
connection is factory-assembled to the wire.

UNIT — A'unit that is intended to be permanently connected electrically.

LWALL-MOUNTED UNITS — Units that are intended to be recessed in a wall.

ary voltage of
nd complying
rt 1: General
P and Class 3

of a controller
rcuit does not

| contact of a
ropagation of

connected by

tended to be
Bs part of the
other means

2.13 LIMITED-ENERGY CIRCUIT — A circuit having a voltage not exceeding 1000 V and the energy
limited to 100 VA by a secondary winding of a transformer, or a fixed impedance.

2.14 LIVE PART — Denotes metal or conductive parts that, during intended use, have a potential
difference with respect to ground or any other conductive part.

2.15 LOW-VOLTAGE, LIMITED ENERGY CIRCUIT — A circuit involving an alternating voltage of not
more than 30 Vrms (42.4 Vpeak) or a direct voltage of not more than 60 V and supplied by:

a) An inherently limiting Class 2 transformer;
b) A non-inherently limiting Class 2 transformer and an overcurrent protective device that is:

1) Not of the automatic reclosing type;
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2) Trip-free from the reclosing mechanism; and
3) Not readily interchangeable with a device of a different rating;

c) A combination of an isolated transformer secondary winding and a fixed impedance that
complies with all the performance requirements for an energy-limiting Class 2 transformer or power
source;

d) A dry-cell battery that is isolated from the primary circuit and having output characteristics no
greater than those of an energy-limiting Class 2 transformer or power source; or

e) A combination of a rechargeable battery and a fixed impedance that complies with all of the
performance requirements for an energy-limiting Class 2 transformer or power source.

2.16 PORTABLE POWER INVERTER - A power inverter that has no provisions for pérmignent mounting
or wiring, and|can be easily carried or conveyed by hand.

217 POWER-CONVERTER OR POWER-INVERTER SYSTEM — An integralieombination| of a converter
or inverter, pgwer-supply assembly, branch-circuit breakers, grounding bar;marking, and the like, that are
necessary forla complete installation.

218 POWER SUPPLY ASSEMBLY — Conductors, including grounding conductors insulgted from each
other, connedtors, attachment plugs, and all other fittings, grominets, or devices installed fpr the purpose
of delivering ¢nergy from a source of supply to a power-converter or inverter system of a fand vehicle or
marine craft.

219 PRES$URE TERMINAL CONNECTOR - A field“wiring terminal that accomplishes the connection
of one or more conductors by means of pressure. without the use of solder. A pressure termniinal connector
may be the bgrrel and set screw type, crimp type-barrel, or clamping plate and screw type.

2.20 PRIMARY CIRCUIT — Wiring and gomponents that are conductively connected to g branch circuit
or an alternatjng-current motor generator'set installed separately from, or included as, a part of a power-
converter or gower-inverter system.

2.21 PRINTED WIRING BOARD — The finished combination of a pattern of conductive paths either on,
in, or both onjand in (multilayer) a sheet of insulating material, including printed components, and the base
material.

2.22 PROTECTED-ENVIRONMENT - Areas internal to the equipment that are resistant to entry of
carbon dust, ¢r. 6ther conductive contaminants, and the like.

2.23 PROTECTED ENVIRONMENT ENCLOSURE - A part or total enclosure of an appliance that is
constructed as defined in Section 8, Enclosures Used for Protected Environments, so as to maintain a
protected environment.

2.24 RISK OF ELECTRICAL ENERGY - HIGH CURRENT LEVELS — The capability for damage to
property or injury to persons, other than by electric shock, from available electrical energy is considered to
exist, if between a live part and an adjacent dead metal part or between live parts of different polarity, there
exists a potential of 2 V or more and either an available continuous power level of 240 VA or more, or a
reactive energy level of 20 J or more. For example, a tool, or other metal short circuiting a component may
cause a burn or a fire if enough energy is available at the component to vaporize, melt, or more than warm
the metal.

2.25 RISK OF ELECTRIC SHOCK — A risk of electric shock is considered to exist at any part if the
potential between the part and earth ground or any other accessible part is greater than 42.4 VVpeak ac or
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60 V dc, and the continuous current flow through a 1500 Q resistor connected across the potential
exceeds 5 mA.

2.26 RISK OF FIRE - A risk of fire is considered to exist at any component unless an investigation of the
supply delivering power to that component complies with the criteria in Section 7, Frame and Enclosure.

2.27 RISK OF INJURY TO PERSONS - A condition that exists when stationary parts (such as sharp
metal edges and projections), moving parts (such as gears, chains, or linkages), falling objects,
inadequate mechanical strength of material, or the physical instability of the equipment are such that injury
to persons may result.

2.28 SAFETY CIRCUIT — Any primary or secondary circuit that is relied upon to reduce the risk of fire,

electric shocj

applications,

2.29 SECON

power supply {fransformer.

2.30 SERVI(Q
the equipmen
electrical orm

2.31 STAND
recessed in th

2.32 STATIQ
stationary unit

2.33 POWEH

connected to the primary-circuit wiring of the unit and the other end connected to the attach

connection to

2.34 SWITC
connections frf

2.35 TOOL -

similar fastenipg means,

, injury to persons, or electrical energy — high current levels. For exani
n interlock circuit is considered to be a safety circuit.

DARY CIRCUIT — A circuit conductively connected to the secondarywinding
LE PERSONNEL - Trained persons having familiarity with the“construction an

, and the risks involved, who may periodically open- an’appliance to repa
bchanical components.

ALONE UNITS — Units that are intended to beé permanently mounted in
e wall.

NARY UNIT — Cord- and plug-connected units that are not fixed and are n
may have provision for attachment intaccordance with this standard.

R SUPPLY CORD - A separable-cord set or a length of flexible cord or cable,

branch circuit power.

H, TRANSFER --An automatic or nonautomatic device for transferring Io
bm one power source to another. May be referred to as transfer switch/mechar

A screwdriver, coin, key, or any other object that may be used to operate a g

ple, in some

bf an isolating

d operation of
r or maintain

place but not

bt movable. A

with one end
ment plug for

ad conductor
sm.

crew latch, or

236 TRIP -

Denotes automatic interruption of the electric circuit to the load.

2.37 UNIT - For the purposes of this standard, a converter, inverter, converter system, or inverter
system, unless specified otherwise.

2.38 USER SERVICING - Any form of servicing that can be performed by personnel other than those
who are trained to maintain the unit. Some examples of user servicing are:

a) The installation of accessories by means of attachment plugs and receptacles, or by means of

separa

ble connectors.

b) The replacement of lamps and fuses, or the resetting of circuit breakers located in a user access
area unless they are marked to indicate replacement or resetting by qualified personnel only.

¢) The making of routine operating adjustments necessary to adapt the unit for different intended
functions.
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1

d) Routine cleaning.

3 Components

3.1

Except as indicated in 3.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Appendix A for a list of standards covering components generally

used in the pr

oducts covered by the standard.

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

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

b)lss

3.3 Acomp
use.

3.4 Specific
capabilities.
temperatures

iperseded by a requirement in this standard.

components are incomplete in construction features “or restricted in
Buch components are intended for use only under limited conditions, su
not exceeding specified limits, and shall be used only_Grder those specific con

4 Units of Measurement

bnent shall be used in accordance with its rating established for the-intended conditions of

performance
ch as certain
ditions.

4.1 Values stated without parentheses are the requiremént. Values in parentheses are gxplanatory or
approximate ipnformation.
5 Undated References
5.1 Any undated reference to a code or standard appearing in the requirements of this stgndard shall be

interpreted aq referring to the latest edition of that code or standard.

PART | - POYWVER CONVERTERS'AND INVERTERS
CONSTRUCTION

6 General

6.1 A unit shall employ materials that are acceptable for the intended use.

7 Frame and Enclosure

7.1 A unit shall be so formed and assembled that it will have the strength and rigidity necessary to resist
the abuses to which it may be subjected without increasing the risk of fire, electric shock, or injury to
persons due to total or partial collapse with resulting reduction of spacings, loosening or displacement of
parts, or other serious defects.

7.2 A unit shall be provided with an enclosure acceptable for the intended application that shall house all
parts other than the power-supply cord or primary connector and the output leads or terminals that may
increase the risk of fire, electric shock, or injury to persons under normal conditions of use.

7.3 A cast- or sheet-metal section of the enclosure shall have a thickness not less than that specified in
Table 7.1.
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Table 7.1
Minimum acceptable thicknesses of enclosure metal

At small, flat, unreinforced
surfaces and at surfaces
of a shape or size to At surfaces to which a
ensure adequate wiring system is to be At relatively large
mechanical strength, connected in the field, unreinforced flat surfaces,
Metal in (mm) in (mm) in (mm)

Die-cast metal 3/64 (1.2) - 5/64 (2.0)
Cast malleable iron 116 (1.6) - 3/32 (2.4)
Other cast metal 3/32 (2.4) - 1/8 (3.2)
Uncoated sheet bteel 0.026 (0.66) 0.032 (0.81) 0.026 (0.66)
Galvanized shedt steel 0.029 (0.74) 0.034 (0.86) 0¢029 (0.74)
Nonferrous shedt metal other than 0.036 (0.91) 0.045 (1.14) 0036 (0.91)
copper
Sheet copper 0.033 (0.84) 0.043 (1.09) 0.033 (0.84)

7.4 A polymeric enclosure or polymeric part of an enclosure shall comply with the requirements in the
Standard for Holymeric Materials — Use in Electrical Equipment Evaldations, UL 746C.

Exception: A polymeric enclosure or polymeric part of an enelosure in accordance with (7.6 need not
comply with thjs requirement.

7.5 If the dimensional integrity of nonmetallic material employed for a part is depended upon to maintain
continuity of ajgrounding system, the material is to be investigated with respect to:

a) Dimensional stability;
b) Mechanical strength; and

¢) Resistance to creeping and.distortion at temperatures to which the material may| be subjected
under ¢onditions of intended:use.

The material ghall not display.a loss of these properties beyond the minimum acceptable leyel as a result
of aging.

7.6 A nonmgtallic part (such as a reset knob, a lever, or a button) protruding through [a hole in the
enclosure, shall, be’made of a material classed as V-0, V-1, or V-2 in accordance with thg Standard for
Tests for Flamm Pta Viatertats for Parts in Devices and Appitances, U 94, ifthe area of the
hole is 0.6 in? (387.1 mm?) or less. Nonmetalllic parts protruding through a hole having an area larger than
0.6 in? shall be made of materials that comply with the requirement in 7.4.

Exception No. 1: A part of a component need not be classed V-0, V-1, or V-2 if it complies with the
flammability requirements applicable to the component.

Exception No. 2: A part need not be classed V-0, V-1, or V-2 if, when removed, there are no live parts or
moving parts accessible to the user as determined by the requirements in Section 9, Accessibility of
Uninsulated Live Parts, Film-Coated Wire, and Moving Parts.

7.7 A conductive coating applied to a nonmetallic surface (such as the inside surface of a cover or an
enclosure) shall comply with the applicable requirements in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.
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Exception: If flaking or peeling of the coating will not result in a risk of fire or electric shock as a result of a
reduction of spacings or the bridging of live parts, then the coating need not comply with UL 746C.

7.8 Overtemperature and overcurrent protection shall be located within the unit enclosure. See 21.2.1 —
21.2.3.

Exception: The operating handle of a circuit breaker, the operating button of a manually-operable
protector, the capped portion of an extractor-type fuseholder, or a similar part may project outside the
enclosure.

7.9 A door or cover of an enclosure shall be hinged or attached in an equivalent manner if it provides
access to an_overload-protective device the normal functioning of which requires renewal, or if it is
necessary to ppen the cover in connection with normal operation of the protective device,-A door or cover
providing access to a fuseholder shall be tight-fitting and shall be positively held closed.

7.10 A unit ghall be provided with means for securely mounting the unit in its intended opefating position.
Bolts, screws| or other parts used for mounting the unit shall be independent|efthose usgd for securing
components.

7.11 If an elgectrical instrument, such as a meter, forms part of the enclosure, the face or the back of the
instrument housing, or both together, shall comply with the requirements for an enclosure.

Exception: An electrical instrument connected in a secondary <Circuit need not comply with this requirement
if damage to r deterioration of the materials of which the housing is made will not result in 4 risk of electric
shock or fire.

7.12 Materigl supporting terminals or used as internal electrical insulation of an electrical instrument shall
comply with the requirements in Section 17, Insulating Materials.

Exception: An electrical instrument connected in a secondary circuit need not comply with this requirement
if damage to qr deterioration of the materials will not result in a risk of electric shock or fire.

7.13 Suppoiting feet of a unit that‘form part of the enclosure or are needed for ventilation shall be reliably
secured and the resistance toraging, physical properties, and resistance to combustion ¢f the material
shall be investigated.

7.14 A compartment or part of an enclosure that will contain field-wiring splices in other {han a Class 2
circuit shall ngt be provided with ventilating openings.

7.15 The enclosure of a unit shall be such as to prevent molten metal, burning insulation, flaming
particles, or the like from falling on combustible materials, including the surface upon which the unit is
supported. See Section 50, Burnout Test.

7.16 If a screen is needed in the bottom of an enclosure to comply with the requirements in 7.18 and
7.19, it shall be 14 mesh steel with a minimum wire diameter of 0.018 in (0.46 mm) and shall be
mechanically secured in position.

7.17 For a unit having holes in the bottom of the enclosure, the requirements in 7.15 will necessitate the
use of:

a) Internal wiring insulated with neoprene, thermoplastic, or glass fiber, or an equally fire-retardant
material.
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b) An individually enclosed fuse, such as an extractor type. Consideration will be given to a fuse
enclosed with a transformer winding.

7.18 A component having a magnetic winding or coil, such as a relay or a solenoid, shall be individually
and completely enclosed, or subjected to the burnout tests described in 50.1.1 and 50.2.1.

7.19 Arcing parts of a switch or relay located in an enclosure having ventilating openings in the bottom
shall be individually and completely enclosed, or the switch or relay shall be subjected to the arcing

overload test described in 50.3.4.

8 Enclosures Used For Protected Environments

8.1 A protecied environment enclosure provided for compliance with 29.1.1 shall be constrlicted so as to
protect the infernal parts of the appliance against conductive contaminants and shall .ecomply with the
Atomized Water Test, Section 52.

Exception: A
Atomized Wat

bart that is uniformly coated or completely encapsulated need>not be suf
pr Test.

8.2 A protecfed environment enclosure may be provided by means of an enclosure that is:

a) Herr
b) Proy

c) Wel
seams

netically sealed;
ided with gasketed, tight fitting joints and doors er covers;

Hed, sonically welded, solvent cemented, or provided with tongue and grog
or

d) Encapsulated (potted); or

e) Con
Usein

8.3 All open
preclude entry

8.4 Gaskets
enclosure sha

formally coated with a compeund that complies with the Standard for Polyme
Flectrical Evaluations, UL 746C, and with the intended application.

ngs used for cords,‘leads, bushings, connectors, and the like shall be o
of dust or othep-contaminants.

intended/tovprovide tight fitting joints, doors, and covers for a protected
| comply with the Gasket Tests, Section 50.

)jected to the

ve joints and

ic Materials —

onstructed to

environment

8.5 Potting g

hallybe used within its temperature rating. Prior to potting, all parts shall be

mechanically

secured.

9 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

9.1 General

9.11

or injury to persons shall be located or enclosed so that unintentional contact is precluded.

An uninsulated live part, film-coated wire, or moving part, that could result in a risk of electric shock

9.1.2 An opening in the enclosure of a unit that will not permit entrance of a 3/4-in (19.1-mm) diameter
rod is acceptable if a probe as illustrated in Figure 9.1 cannot be made to touch any uninsulated live part,
film-coated wire, and moving part, that could result in a risk of electric shock when inserted through the
opening.
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Figure 9.1

Accessibility probe
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9.1.3 Perforated sheet metal shall not be less than 0.042-in (1.07-mm) thick if the perforations are 1/2 in®
(3.2 cm?) or less in area, and shall not be less than 0.080-in (2.03-mm) thick for larger openings.

Exception: Perforated sheet metal not less than 0.020-in (0.51-mm) thick may be used where the
indentation of a guard or enclosure will not affect the clearance between uninsulated live parts, film-coated
wire, or moving parts and grounded metal.

9.1.4 A door or cover that provides access to a live part, film-coated wire, or moving part, that may result
in a risk of electric shock, shall be securely held in place so that it can be opened or removed only by using
a tool.

9.2 User servicing

9.2.1 Live pdrts, film-coated wire, and moving parts shall be arranged and covers located’sp as to reduce
the likelihood pf a risk of electric shock while covers are being removed and replaced,if it i necessary to
do so to perfofm a servicing function as indicated in the operator's instruction manual accompanying the
unit.

9.2.2 Live pdrts, film-coated wire, and moving parts shall be:

a) Recgssed at least 1/8 in (3.2 mm) from the plane of the frent of the fixed portion ofjan enclosure;
or

b) Recgssed at least 1/8 in (3.2 mm) from the front eédge of a wiring compartment, in[ the case of a
device mounted to the face of a wiring compartment;,or

c) Afforded equivalent protection by projections‘or guards.

To determine whether such live parts, film-coated wire, and moving parts comply with the requirement in
9.2.1, the covér is to be removed and replaced. Contact of either persons or a conductive ¢over with live
parts, film-coafed wire, or moving parts is.Unacceptable.

9.2.3 Operafjons and adjustments that are considered to subject parts to contact by thg user include
those made af the time of installatioh or during normal use, and operations such as relamping, replacing a
fuse, and resetting an overload device.

9.24 A part|on the back of a component mounting panel and a part located so as to frequire major
disassembly Hy using.a’tool are not considered to be exposed to the user, and are not corsidered to be
exposed to thg serviceman unless it is likely that servicing will be done while the parts are epergized after
disassembly.

9.3 Serviceman servicing

9.3.1 An electrical component that may require adjustment, servicing, or maintenance not specified in
the operator's manual shall be located and mounted with respect to other components and with respect to
grounded metal parts so that it is accessible for electrical service functions without subjecting the
serviceman to the likelihood of electric shock or injury to persons. Access to components for servicing
shall not be impeded by other components or by wiring in the direction of access.

9.3.2 The electrical components mentioned in 9.3.1 include a fuse and an adjustable control.

9.3.3 All conductive internal parts that are accessible to service personnel and that are usually expected
to be at ground potential (heatsinks and the like), but are energized and involve a risk of electric shock,
shall be marked in accordance with 58.22.
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10 Assembly

10.1 An uninsulated live part shall be secured to the base or surface so that it will be prevented from
rotating or shifting in position as the result of normal stresses if such movement might result in a reduction
of spacings below the minimum acceptable values. See Section 29, Spacings.

10.2 A component such as a rectifier element, control switch, lampholder, attachment plug receptacle, or
plug connector shall be mounted securely and shall be prevented from turning by means other than friction

between surfaces.

Exception No.

1: A switch, if the following conditions are met:

a) The
is con

b) The
c) Spa
d) Non

Exception No|
pilot or indica

10.3 A sma
rotating by a |

104 Ifasw
or rotationally|
the upper pos
two on positio

1
11.1 lron ar
plating, or an

Exception No
comply with th

Protection Against Corrosion

switch is a plunger or other type that does not tend to rotate when operated—a toggle switch

idered to be subject to forces that tend to turn the switch;
means for mounting the switch makes it unlikely that operation of the.switch wj
cings are not reduced below the minimum acceptable values if the’switch rotaf

Imal operation of the switch is by mechanical means rather than by direct conta

2: A lampholder of the type in which the lamp canfof be replaced, such as
or light, if rotation cannot reduce spacings below the minimum acceptable vall

| stem-mounted device having a single-hole: mounting means may be p
bck washer properly applied.

tch or circuit breaker is mounted suech“that movement of the operating handle
between the on and off positions.résults in one position being above the othe
ition shall be the on position. This requirement does not apply to a switching
ns such as a double throw.swijtch.

d steel parts @hall be protected against corrosion by enameling, painting
bquivalent means.

1. Bearings, laminations, other parts of iron or steel such as washers and sc
is requirement.

ill loosen it;
es; and

ct by persons.

a sealed neon
e.

revented from

either linearly

position, then

device having

, galvanizing,

rews, need not

Exception No. 2: A part the corrosion of which would not result in a risk of fire, electric shock, or injury to
persons need not comply with this requirement.

12 Supply Connections

12.1 Perma
1211

12.1.1.1
connection of

nently-connected converters or inverters

General

one of the wiring systems that is acceptable for the unit.

A unit intended for permanent connection to the source of supply shall have provision for the

12.1.1.2 A knockout in a sheet-metal enclosure shall be reliably secured and shall be removable without
undue deformation of the enclosure.
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12.1.1.3 A knockout shall be surrounded by a flat surface adequate for seating of a conduit bushing or
locknut of the appropriate size and shall be located so that installation of a bushing at any knockout likely
to be used during installation will not result in spacing between an uninsulated live part and the bushing to
be less than that specified in Spacings, Section 29.

12.1.1.3.1 In measuring a spacing between an uninsulated live part and a bushing installed in a knockout
as mentioned in 12.1.1.3, it is to be assumed that a bushing having the dimensions specified in Table 12.1
is in place, in conjunction with a single locknut installed on the outside of the enclosure.

Table 12.1
Knockout or hole sizes and dimensions of bushings
Bushing dimensions
Trade size of
conduit Knockout or hole diameter Overall diameter Height
in in (mm) in (mm) in (mm)
1/2 7/8 (22.2) 1 (25.4) 3/8 (9.5)
3/4 1-3/32 (27.8) 1-15/16 (31.4) 27/64 (10.7)
1 1-23/64 (34.5) 1-19/32 (40:5) 33/64 (13.1)
1-1/4 1-23/32 (43.7) 1-15/16 49.2) 9/16 (14.3)
1-1/2 1-31/32 (50.0) 2-13/64 (56.0) 19/32 (15.1)
2 2-15/32 (62.7) 2-45/64 (68.7) 5/8 (15.9)
2-1/2 3 (76.2) 3-7/32 (81.8) 3/4 (19.1)
3 3-5/8 (92.1) 3<%/8 (98.4) 13/16 (20.6)
3-1/2 4-1/8 (104.8) 4’7/16 (112.7) 15/16 (23.8)
4 4-5/8 (117.5) 4-31/32 (126.2) 1 (25.4)
4-1/2 5-1/8 (130.2) 5-35/64 (140.9) 1-1/16 (27.0)
5 5-5/8 (142.9) 6-7/32 (158.0) 1-3/16 (30.2)
6 6-3/4 (171.5) 7-7/32 (183.4) 1-1/4 (31.8)
12.1.1.4 A figld-wiring compartment in which power-supply connections are to be made shall be located
so that the cornnections may.be readily inspected after the unit is installed as intended.
12.1.1.5 Wir¢ connections in a flush-mounted unit may be accessible upon removal of a frgnt panel from
the base of the enelosure.

12.1.1.6 A field-wiring compartment intended for connection of a wiring system shall be attached to the
unit so that it will be prevented from turning.

12.1.1.7 If a separate field-wiring compartment is not provided, space for field-wiring connections shall
be located near the connecting means and shall permit routing of the wiring away from live parts and
rough metal. See 12.1.1.4.

12.1.1.8 A field-wiring compartment shall be constructed so that wiring is protected from:

a) Sharp edges, including screw threads, burrs, fins, and the like that may abrade the insulation on
conductors or otherwise damage the wiring;

b) Terminals; and

c) Other live parts.
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12.1.1.9 To determine whether wiring is prevented from being forced against live parts or sharp edges, a
trial installation is to be made using only ordinary care. The system used for the test is to be representative

of the various

constructions and installation methods that may be employed.

12.1.2 Wiring terminals and leads

12.1.2.1

connections will be made in the field when the unit is installed.

A field-wiring terminal is considered to be a terminal to which power supply or other permanent

12.1.2.2 The field-wiring terminals or leads shall be acceptable for the connection of conductors having
an ampacity acceptable for the rating of the unit.

12.1.2.3 AW
fastened in pl
a wiring term
equivalent are

12.1.24 A
friction betwe

iring terminal shall be provided with a soldering lug or pressure terminal caonr)

hce, for example, firmly bolted or held by a screw. A wire-binding screw may b
inal intended for connection of a 10 AWG or smaller conductor if ‘Upturne
provided to hold the wire in position.

iring terminal shall be prevented from turning or shifting in_position by a me

mortises; by @ dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent

equivalent me
121.25 AW

Exception No|
conductor.

Exception No|
conductor.

12.1.26 AW

12.1.2.7 At
mm) thick.

Exception: A
adequate me

thod.

ire-binding screw at a field-wiring terminal shall 1ot be smaller than No. 10.

2: A No. 6 screw may be used.-for the connection of a 16 AWG or 18 AWG

ire-binding screw shall thread into metal.

brminal plate tapped-for a wire-binding screw shall be of metal not less than

plate not/less than 0.030-in (0.76-mm) thick is acceptable if the tapped
Chanical.strength.

ector securely
e employed at
d lugs or the

ans other than

en surfaces. This may be accomplished by two screws or rivets; by square shoulders or

part; or by an

1: A No. 8 screw may be used at a termiinal intended only for the connection of a 14 AWG

control-circuit

D.050-in (1.27-

threads have

12.1.2.8 The¢re_shall be two or more full threads in the metal of a terminal plate. The

metal may be

extruded at th

e tapped hole to provide at least two full threads.

12.1.2.9 Upturned lugs, a cupped washer, or the equivalent shall be capable of retaining a conductor of
the size specified in 12.1.2.2 under the head of the screw or washer.

12.1.2.10 The free length of a lead inside an outlet box or wiring compartment shall be 6 in (152 mm) or
more if the lead is intended for field connection to an external circuit.

Exception: A lead may be less than 6-in long if it is evident that the use of a longer lead might result in a
risk of fire or electric shock.

12.1.2.11

A lead in a wiring compartment intended for field connection shall be provided with strain relief

complying with 43.3 so that stress on the lead will not be transmitted to terminals, splices, or interior wiring.
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12.1.2.12 A terminal intended for connection of a grounded power-supply conductor shall be made of or
plated with metal substantially white in color and shall be readily distinguishable from other terminals; or
proper identification of that terminal shall be clearly identified in some other manner, such as on an
attached wiring diagram.

12.1.2.13 The surface of a lead for the connection of a grounded power-supply conductor shall have a
white or gray color and shall be readily distinguishable from other leads.

12.1.2.14 For a device having components intended to be mounted on a cover of an outlet box or similar
enclosure, wiring terminals or other live parts and sharp-edged grounded or dead metal parts shall be
located or protected so that they will not be forced against wiring in the box during installation or servicing.

121215 W
are recessed
prevent conta

of the front edge of the box are acceptable.

12.1.216 W
less than 1/4 i
pole switching

12.1.2.17 To
in the box fron
ordinary care
with the rating
into the box.

12.2 Cord c¢

or are protected by close-fitting barriers of insulating material or the ,equiv
t with wiring installed in the box. Terminals that do not project into the box'bey

th reference to 12.1.2.15, guards provided along the sides of\terminals and
N (6.4 mm) beyond the terminals before wiring, with a correspending guard bef
mechanisms, are acceptable.

determine whether a construction other than thatdescribed in 12.1.2.16 will
h being forced against live parts or sharp edges; a.trial installation is to be ma
bnd employing Type NM cable or supply cord*ef'the sizes having ampacities
of the device. The wire is to extend 6 in (152 mm) inside the box from its poi

bnnection

12.2.1 Gene

12.2.1.1 Oth
required, a un

equipment to
S, SE, SEO

12.21.2 Th
be less than t
in determining

al

r than a flush-wall mounted unit or a unit for which specific installation in
requiring provisionfor connection to a source of supply that will facilitate the i
aintain continuous service or otherwise meet special conditions of use may
SO, ST, STO;-SJ, SJE, SIEOO, SJO, SJT, SJTO, SP-3, or SPT-3 flexibl
uctor.

current-and voltage ratings of a flexible supply cord and attachment plug for &

th reference to the requirements in 12.1.2.14, back wiring terminals may be enﬁployed if they

plent that will
ond the plane

extending not
ween double-

brevent wiring
e, using only
n accordance
nt of entrance

structions are
nterchange of
employ Type
e cord with a

unit shall not

e input rating of the unit. The loads drawn by a single or duplex receptacle sh

Il be included

12.2.1.3 The length of supply cord external to the unit shall not be more than 3 ft (914 mm) measured
from the face of the attachment plug to the point of entry.

12.2.1.4 A power supply cord shall terminate in a grounding-type attachment plug.

12.2.1.5 The ampacity of the attachment plug shall not be less than 125% of the marked input rating of
the unit.

12.2.1.6 A cord-connected unit shall not have more than one single or duplex enclosure-mounted
grounding-type receptacle for general use and there shall be no provision for remotely wired line-voltage
circuits.
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12.2.2 Strain relief

12.2.2.1 Strain relief shall be provided to prevent stress on the supply cord or output cord from being
transmitted to terminals, splices, or interior wiring. See 43.1.

12.2.2.2 A metal strain-relief clamp or band is acceptable without supplementary protection on a Type S,
SE, SEOO, SO, ST, STO, SJ, SJE, SJIEQO, SJT, or SJTO cord. A metal strain-relief clamp or band is
acceptable on a Type SP-3 or SPT-3 cord only if adequate supplementary nonconductive mechanical

protection is provided over the cord.

12.2.2.3

free from burrs, fins, sharp edges, and projections that can damage the cord.

If a knot in a flexible cord serves as strain relief, the surfaces that the knot may touch shall be

12.2.2.4 Me|
through the ¢
the cord to a

ans shall be provided to prevent the flexible cord from being pushed into. the
brd-entry hole if such displacement might result in mechanical damage o the
temperature higher than that for which it is acceptable, or reducespacings

metal strain-r¢lief clamp, below the minimum acceptable values.

12.3 Bushings

12.3.1 Abu
opening in a
and shall hav

Ehing or the equivalent shall be provided at a point where a flexible cord pass
vall, barrier, or enclosing case. The bushing shallk\be substantial, reliably sec
b a smooth, rounded surface against which the eord may bear. If Type SP-3 of

employed, the¢ wall or barrier is of metal, and the construction is such that the cord may b

stress or moti

Exception: Fd
material, a sn

12.3.2 Cera

12.3.3 Vulca

bn, the bushing shall be an insulating bushing.

r a cord hole in wood, porcelain, phenolic composition, or other acceptable
ooth, rounded surface is consideréd to be the equivalent of an insulating bush

mic materials and some molded compositions are acceptable for insulating bus

nized fiber may be employed if the bushing is not less than 3/64-in (1.2-mm)

formed and s¢cured in place thatitwill not be affected adversely by conditions of ordinary m

12.3.4 Anin
heavier cord
through the e

sulating bushing molded integrally with the supply cord is acceptable on a
pbrovided the built-up section is not less than 1/16-in (1.6-mm) thick where th
hclosure.

12.3.5 Anin

sulated metal grommet is acceptable as an insulating bushing if the insulating

unit enclosure
cord, expose
such as to a

es through an
ured in place,
SPT-3 cord is
e subjected to

honconductive
ng.
hings.

thick, and if so
Disture.

Type SP-3 or
e cord passes

material is not

less than 1/32-in (0.8-mm) thick and completely Tills the space befween the grommet an
which it is mounted.

13 Low-Voltage DC Connections and Wiring

13.1

13.1.1

General

A unit shall have one of the following provisions for output connections:

d the metal in

a) A wiring compartment and terminals complying with the requirements in 13.1.2 — 13.1.5,

b) A receptacle or attachment plug complying with the requirements in 13.1.6 — 13.1.

12,

c¢) Unenclosed individual leads complying with the requirements in 13.1.13 — 13.1.15.
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13.1.2 An opening in a wiring compartment for output connections shall be an opening or knockout for a
standard trade size conduit, or an opening of unspecified size provided with an acceptable insulating
bushing.

13.1.3 Leads provided in the wiring compartment shall be provided with strain relief so that stress on the
leads will not be transmitted to terminals, splices, or interior wiring.

13.1.4 Terminal assemblies provided for the connection of low-voltage external circuits shall comply with
the requirements for line-voltage circuits.

13.1.5 A field-wiring terminal assembly provided as part of a transfer mechanism shall comply with the
requirements in 12.1.2.1 — 12.1.2.10, and shall be of such size as to accommodate a load based on 1.25
times the output current rating of the unit. A lead provided for this purpose shall be capable of carrying the
same current Without exceeding its temperature rating.

13.1.6 A rec
standard confi

13.1.7 An at
of transit or sh

13.1.8 An at
enclosure or ¢

13.1.9 Both

wiring to a sto
the unit unless
plug shall tery
requirements {

13.1.10 Ana

13111 If a
accordance w

13.1.12 Unlg
unit shall be m

bptacle or attachment plug for output connection shall not accept -amating
guration complying with the Standard for Attachment Plugs and Receptacles, |

achment plug shall be a locking type to reduce the likelihood-of loosening un
bl be investigated for secureness.

achment plug or a receptacle other than as mentioned in 13.1.9 shall be s
another rigid part of the unit.

Mmating parts of a battery-type attachment plug or a receptacle provided for
age battery shall have recessed contacts. The receptacle shall be mounted tg

hinate in an output cord not longer than 3 ft (914 mm). The cord shall co
or strain-relief specified in Section’43, Strain Relief Test.

ttachment-plug receptacle shall have recessed contacts.

matching attachmént plug or receptacle is used on a unit, the unit shall
th 58.18.

ss a receptacle and its attachment plug have been investigated for current in
arked .in accordance with 58.19.

13.1.13 Une

part having a
JL 498.

der conditions

ecured to the

connection of
a rigid part of

it is intended to be rigidly attached tothe recreational vehicle, in which case the attachment

mply with the

be marked in

erruption, the

helosed individual leads intended for connection external to the unit shall em

bloy insulated

copper conductors.” A positive Tead shall extend outside the unit not more than 18 in (457 mm). The
insulation may be 0.030-in (0.76-mm) thick thermoplastic or the equivalent.

13.1.14 Unenclosed individual leads intended for connection external to the unit shall comply with the
requirements in Section 43, Strain Relief Test.

13.1.15 The conductors of unenclosed individual leads for output connections shall be protected by
overcurrent devices unless the ampacity of the conductors of such leads is not less than the output rating
of the circuit. Ampacities are to be based on the values for low-voltage circuits.

13.1.16 Each secondary-output branch circuit shall be marked in accordance with 58.4 to indicate the
corresponding branch-circuit protection provided for each secondary-output connection.
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13.2 Cigarette lighter inputs

13.2.1 A unit intended to be connected to the cigarette lighter or power outlet of a vehicle, while
delivering its normal output load, shall not exceed 12 A at the cigarette lighter outlet.

13.2.2 A unit provided with cigarette lighter connector with a flexible cord, the cord shall be type SP-2,
SPE-2, SPT-2, SV, SVE, SVT, S, SE, SO, SP-3, SPT-3, ST, STO, SJ, SJE, SJO, SJT, or SJTO. The length
of cord external to the unit and including the cigarette lighter connector shall not be less than 3 ft (0.9 m)
as measured from the end of the cigarette lighter connector to the point of attachment or entry. Cord AWG
size shall be in accordance with Table 13.1.

Exception No. 1: Output wiring for Class 2 or Low Voltage Limited Enerqy circuits may be parallel cord
insulated with rubber, neoprene, or thermoplastic having a wall thickness of not less than|0.013 in (0.33
mm).

Exception No| 2: For units rated 10 A or less, an equivalent style appliance wiring thaterial (AWM) may be
employed.

Table 13.1
Cord sizes
Adapter input fuse rating Minimum cord conductor siz¢
A AWG (mm?)
10 and less 182 (0.82)
12 17 (1.04)
13 16 (1.31)
18 14 (2.08)
20 12 (3.31)
@ Size not specified for conductors in Class 2 or-Law Voltage Limited Energy Circuits.

14 Secondary Circuits

14.1 A metal enclosure_of*a unit shall not be used as a current-carrying part of an |output circuit.
Secondary cifcuits may.be connected to the frame of a unit; however, the frame shall not bg used to carry
current during intended/operation.

14.2 All secpndary circuits other than as specified in 14.3 — 14.11, are to be investigated as primary
circuits. In addition, all safety circuits shall be investigated using the requirements for primary circuits.

14.3 Except as noted in 29.1.13, printed-wiring assemblies and associated circuitry used in low-voltage,
limited energy circuits need not be investigated. However, components such as wire connectors, bus bars,
printed-wiring receptacles, connectors and the like, motors, printed wiring boards, and insulated wire used
in such circuits shall be investigated.

14.4 A circuit supplied from a Class 2 transformer need not be investigated. However, printed-wiring
boards and insulated wire used in such circuits shall be investigated with respect to the temperature and
voltage, exposure to oil or grease, and other conditions of service to which the wiring and printed-wiring
boards can be subjected.
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14.5 Except as noted in 29.1.13 and 29.1.14, a circuit that does not extend out of the unit need not be
investigated if the open-circuit potential or no-load output of the supply, when measured in accordance
with 37.1 and 37.2, is:

a) Not more than 42.4 Vpeak ac or 60 Vdc; and
b) The energy available at 1 min of operation is limited to:
1) 8 A for 0-42.4 VVpeak ac or 0-30 Vdc; or

2) 150/Vmax A for 30-60 Vdc.

14.6 The power supply of a circuit as mentioned in _14.5 that is_not limited to available energy in
accordance wjth 14.5(b), but the circuit includes either one or more resistors, a fuse, a-non-adjustable
manual-reset gircuit protective device, or a regulating network — see 14.9 — need not be!invgstigated if the
current is limited in accordance with 14.7, 14.8 or 14.9.

14.7 A fuse ¢r non-adjustable manual reset circuit protective device provided ifpthe secondary circuit that
is used to limjt the current in accordance with 14.6 shall be rated or setiat-not more than the values
specified in Taple 14.1.

Table 14.1
Rating for secondary fuse or circuit protector

Circuit voltage (V rms) Maximum overcurrent protection|(A)
20 or less 5
More than 20 but less than 60 100/\?

2V is the maximpim output voltage, regardless of load, with the primary energized in accordance with 32.1.

14.8 A fuse pr circuit protective devicesmay be connected in the primary of the transformer to limit the
current in acdordance with 14.6 provided that the protection is equivalent to that specified in 14.7 as
determined by|the Overcurrent Protection Calibration Test, Section 45.

14.9 One or more resistors orja regulating network used to limit the current in accordance ith 14.6 shall
be such that [the currentwunder any condition of loading including short circuit does nof exceed 8 A
measured at 1| min of operation.

14.10 If a regulating network is used to limit the voltage or current in accordance with 14.5 — 14.9, each
component of|the’regulating network should be short circuited or open circuited separately to determine
that the voltage or current does not exceed the maximum allowable values with the components faulted.

14.11 In a circuit of the type described in 14.6, the secondary winding of the transformer, one or more
resistors, a fuse or a non-adjustable manual reset circuit-protective device, or a regulating network, and all
wiring up to the point at which the current, voltage or both are limited shall be judged as primary circuits.

14A Batteries

14A.1 Lead acid batteries provided as part of the system shall comply with the Standard for Standby
Batteries, UL 1989.

14A.2 Lithium based batteries that are provided as part of the system shall comply with the Standard for
Batteries for Use in Stationary, Vehicle Auxiliary Power and Light Electric Rail (LER) Applications, UL
1973.
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14A.3

If the battery is not provided as part of the system, the inverter/converter charging function shall be

designed and evaluated such that is capable of safely charging a battery that complies with 14A.1 or

14A.2.

15 Live Parts

15.1
application.

A current-carrying part shall be of silver, copper, a copper alloy, or other material acceptable for the

15.2 Plated iron or steel may be used for a current-carrying part if acceptable in accordance with 3.1, or
in a secondary circuit rated 30 Vrms (42.4 Vpeak) or less; but unplated iron or steel is not acceptable.
Stainless steel and other corrosion-resistant alloys may be used for current-carrying parts.

15.3 An unipsulated live part shall be secured to an insulating base or mounting surface s

prevented fro
the minimum

15.4 Friction
but a lock was

16 Internal Wiring

16.1 General

16.1.1  The internal wiring of a unit shall be of a type @and size acceptable for the applicatiq
in this sectior]. Other types of wiring may be acceptable based on temperature, voltage, an
mechanical protection.

16.1.2 The fthickness of insulation on wiring shall not be less than 3/64 in (1.2 mm)

neoprene-ins
insulated wire

16.1.3 Unle
temperature ¢
employed.

16.1.4 Thel
connections.

M turning or shifting in position if such motion might result in a reduction of s
hcceptable values.

between surfaces is not acceptable as a means to prevent shifting or turning
her properly applied is acceptable.

ilated wire, 1/32 in (0.8.mm) for thermoplastic-insulated wire, and 1/32
with an impregnated braid.

ES a unit includes-a resistor or other heat-producing component and wire is
f more than 80°C-(176°F), or other need is demonstrated, Type AF or CF wi

ength of the power-supply cord inside a unit shall not be more than the need fg

o that it will be
pacings below

of a live part,

n as specified
d the need for

for unbraided
in for rubber-

subjected to a
re shall not be

r the electrical

16.1.5 The jacket of a flexible cord inside the enclosure shall not be stripped to expose the individual
conductors unless:

a) The insulation on the individual conductors is equivalent to that required by 16.1.2;

b) The individual conductors are supported in a manner positively separating them from live parts
and dead metal parts; or

c) Supplementary insulation equivalent to that required by 16.1.2 is reliably secured on each

individual conductor.
16.2 Tubing
16.2.1 Insulation of internal wiring consisting of coated fabric, thermoplastic, or other types of tubing is to

be considered with respect to electrical, mechanical, and flammability properties of the material.
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16.2.2 If the use of a short length of insulated conductor, such as a short coil lead, is not practical,
electrical insulating tubing may be used on each conductor. The tubing shall not be subjected to sharp
bends, tension, compression, or repeated flexing, or to contact with sharp edges, projections, or corners.
Except as noted in 16.2.3, the wall thickness shall comply with the requirements for the tubing as a
component.

16.2.3 Polyvinyl chloride tubing shall not be less than 0.017-in (0.43-mm) thick at any point. The
thickness of insulating tubing of other types, shall provide mechanical strength, flame resistance, dielectric
properties, and heat- and moisture-resistant characteristics, and the like that are at least equivalent to
those of 0.017-in thick polyvinyl chloride tubing.

16.3 Protection of wiring

16.3.1 Internal wiring shall be protected if, when judged in accordance with 9.1.2, it is accégsible.

Exception: Intg¢rnal wiring need not be protected if it is located and secured withinthe enclosyre so that it is
not likely to bejsubjected to stress or mechanical damage.

16.3.2 Wires
prevent conta
insulation.

within an enclosure, compartment, raceway, or the like¢shall be located o
ct with any sharp edge, burr, fin, moving part, or the like’that can damage

[ protected to
he conductor

16.3.3 A hol
unit shall be p
of the insulatid

e through which insulated wires pass in a sheetumetal wall within the overall ¢nclosure of a
rovided with smooth, rounded surfaces upon which the wires may bear, to prgvent abrasion
n.

16.3.4 Intern
that the tempe

16.3.5 Moun
wiring. A scre
edges that mig

16.4 Electriq
16.4.1  Alumi

interconnectio
by a method s

al wiring within an enclosure or compartment shall be located or protected fro
rature rating of the conductors will hot be exceeded under normal operating co

fing screws and nuts shall e designed or located so that sharp edges wil
v shall have a flat or blant-end. The end of the screw shall not have burrs,
ht abrade wire insulation, and shall not project more than 3/16 in (4.8 mm) intg

tal connections

nhum conductors, insulated or uninsulated, used as internal wiring,
h between current-carrying parts or in a component winding, shall be terminate
Litable for the combination of metals involved at the points of connection.

n surfaces so
nditions.

not damage
fins, or sharp
a wireway.

such as for
d at each end

16.4.2 With reference To 16.4.T, a wire-binding screw or a pressure wire connector used as a terminating
device shall be suitable for use with aluminum under the conditions involved, for example, temperature,
heat cycling, vibration, and the like.

16.4.3 All splices and connections shall be mechanically secure and shall make reliable electrical
contact.

16.4.4 A soldered connection shall be mechanically secured before being soldered.

Exception: A wave- or lap-solder connection to a printed-circuit board where components are properly
inserted or secured (as in a surface mounted component) is considered acceptable without any further
mechanical security.
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16.4.5 A splice shall be provided with insulation equivalent to that of the wires involved if permanent
spacing may not be maintained between the splice and other metal parts.

16.4.6 When determining whether splice insulation consisting of coated-fabric, thermoplastic, or other
tubing is acceptable, consideration is to be given to such factors as dielectric properties, heat-resistant
and moisture-resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not
acceptable. An insulated splicing device is acceptable within the limits of voltage and temperature ratings
of the device.

16.4.7 The means of connecting stranded internal wiring to a wire-binding screw shall prevent loose
strands of wire from contacting other live parts not always of the same polarity as the wire, and from
contacting dead metal parts. This may be accomplished by the use of a pressure terminal connector, a
soldering lug,|a crimped eyelet, soldering of all strands together, or other reliable means.

16.5 Separation of circuits

16.5.1 Unle

insulated con
shall be sepa

5s provided with insulation acceptable for the highest of the circuitvoltages, fa
ductors of different circuits within a unit including wires in a<terminal box or
rated by barriers or shall be segregated and shall be so“separated or se

ctory-installed
compartment,
gregated from

uninsulated liye parts connected to different circuits.
16.5.2 Segrggation of factory installed insulated conductors may be accomplished by clamping, routing,
or an equival¢nt means that will maintain permanent separation from insulated and uninsulated live parts

and from con

16.5.3 Field
(see 16.6.1 —

a) Fa
circuit

b) Ani
c) Fiel

both c
voltag

16.5.4 Segr
conductor or f

!

uctors of a different circuit.

16.6.4) from:

tory-installed conductors connécted to any other circuit, unless the cond
5 are or will be insulated for thé-maximum voltage of either circuit.

nsulated live part of another circuit.

d-installed conductors connected to any other circuit unless both circuits are
rcuits are othepthan Class 2 or 3, and both circuits are or will be insulated for
p of either cireuit:

bgation( of a field-installed conductor from another field-installed or fa
rom afr uninsulated live part connected to another circuit can be accomplished

opening in thq

enclosure for the conductor opposite to the conductor terminal so that, when

tinstalled conductors of a circuit shall be segregated (see 16.5.4) or separated by barriers

ictors of both

Class 2 or 3 or
the maximum

ctory-installed
by locating an
the installation

is complete,

Teconductors and-parts of different tircuits witt be—separated-by a i

of 1/4 in (6.4

mm). In determining if a device with such openings complies with this requirement, it is to be wired as in
service including 6 in (152 mm) of slack in each conductor within the enclosure. No more than average
care is to be exercised in routing the wiring and stowing the conductor slack into the wiring compartment.

16.6 Barriers

16.6.1 A barrier used to separate or segregate internal wiring shall have adequate mechanical strength,
and shall be reliably held in place.

16.6.2 A barrier of metal shall be at least as thick as specified in 7.3. A barrier of insulating material shall
not be less than 0.028-in (0.71-mm) thick and shall be supported so that it cannot be readily deformed to
defeat its purpose.
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16.6.3 A barrier used to provide separation between field wiring of one circuit and wiring or uninsulated
live parts of another circuit shall be spaced not more than 1/16 in (1.6 mm) from the enclosure walls and
interior mechanisms, component-mounting panels, and other parts that serve to provide segregated
compartments.

16.6.4 With reference to 16.6.3, a hole provided for routing leads from a component compartment into a
field-wiring compartment shall have smooth rounded edges or be provided with an insulating bushing. The
size of the hole shall not be greater than necessary for passage of the conductors.

17 Insulating Materials

17.1 An insulating washer, a bushing, or the like, and a base or a support for mounting a live part, shall
be moisture-rgsistant material that will not be adversely affected by the temperaturesand stresses to
which it will bel subjected under conditions of use.

17.2 Insulating material is to be judged with respect to its acceptability for the particula
Materials such as mica, ceramic, and some molded compounds are usually<acceptablg
support of livg¢ parts. If an investigation is necessary to determine whether a material i
consideration s to be given to:

r application.
for the sole
5 acceptable,

a) Its mechanical strength, resistance to ignition, dielectric\strength, insulation resistance, and

heat-rgsistance qualities in both the aged and unaged conditions;
b) The degree to which it is enclosed; and

c) Any pther feature affecting the risk of fire, electric Shock, or injury to persons.

All factors are ffo be considered with respect to conditions of service.

18 Transformers

18.1 General
18.1.1 A trarnsformer used to supply a Class 2 circuit, that extends from the unit to a remotg panel, status
panel or the like shall have its primary windings electrically isolated from all other windingg and shall be

constructed a
overload cond
core, or betwe

5 specified in\18.1.2 — 18.2.3 so that there is no electrical connection — unde¢r normal and

tions — between the primary and secondary windings, between the primary wi
en separate adjacent secondary windings, if such connection may result in 3

nding and the
risk of fire or

electric shock.

18.1.2 A transformer coil, unless inherently moisture resistant, shall be treated with an insulating varnish,
and baked; or otherwise impregnated to exclude moisture or acid vapor. Film-coated magnet wire is
considered moisture resistant.

18.1.3 A thermal cutoff or other device employed to reduce the risk of fire or electric shock due to
overheating of a transformer during abnormal operation shall comply with the requirements applicable to
such a device in addition to the applicable requirements in this standard. For example, a thermal cutoff
shall comply with the applicable requirements in this standard and those in the Standard for Thermal-Links
— Requirements and Application Guide, UL 60691.

18.2 Coil insulation

18.2.1 A transformer winding, including the start, all taps, finish, and crossover leads up to the point
where insulated leads, if used, are provided, shall be constructed as specified in Table 18.1.
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Table 18.1
Transformer insulation

Insulation required Type of insulation

3. Insulation bet
metal parts

4. Insulation between the crossover leads and (1) the turns of a
different winding, (2) the metal enclosure of a unit, or (3) the core

1. Insulation between the primary wires of opposite polarity and a,b,cord
between secondary wires of opposite polarity having a potential

greater than 30 Vrms (42.4 Vpeak)

2. Insulation between the primary and any secondary winding a,b,cord

ween any winding or lead connections and dead- a,b,c,d e forg

a,d,e,gorh

@ Electrical gra
less than 0.028
than 0.0085-in

b A thermoplast

material has a r|
Transformer Ing
4 Spacings spe
used.

¢ Electrical grad
0.013in (0.33

f Electrical grad
0.028in (0.71 n

and (f) and the
the thickness ug

P Any type and {
Table 18.2 may
of the followingj

1. The coi
applied be

2. The coi

¢ A material having a thickness less than 0.028 (0.71 mm) in may be used provided that it is equivalent to Note (a)

9 A material havfing a thickness less than that specified in Notes (e) and({f) may be used, provided that it is equival

paper that Is waxed or otherwise treated to retard the absorption of moisture and that has a total
in (0.71 mm); polyethylene terephthalate film, not less than 0.007-in (0.178-mm) thick; or aramid_p|
0.203-mm) thick.

c or thermostat coil form not less than 0.028-in (0.71-mm) thick.

hinimum dielectric breakdown strength of 5000 V for the thickness used when tested-as specified i
ulating Materials, Section 42.

ified in Table 18.2 may be used in place of the specified insulation. Spacings in Table 29.2, if appli

e paper, waxed or otherwise treated to resist the absorption of mojstute, having a total thickness o]
m) if used in conjunction with an air spacing of one-half that specified in Note (d).

b paper, waxed or otherwise treated to resist the absorption of\moisture, having a total thickness o
m) if the insulation is in contact with the enclosure.

naterial has a minimum dielectric breakdown strength.of 2500 V for the thickness used for Note (e

hickness of insulation in addition to the magnetire coating, or a through air spacing less than tha
be used between a crossover lead and the winding to which it is connected if the construction comn

withstands the appropriate dielectric Voltage withstand potential described in 40.1 and 40.2. The
tween the coil leads with the crossover lead cut at the point where it enters the inner layer.

withstands the induced potential described in 41.1 —41.4.

ed for Note (f) when tested as specified in Testing'on Transformer Insulating Materials, Section 42.

thickness of not
aper, not less

or (b) and the
h Testing on

Cable, may be
f not less than
not less than

bnt to Notes (e)
and 5000 V for

t specified in
plies with either

otential is to be

hy uninsulated

Table 18.2
Spacings within a transformer
Minimum spacing through air and over surface, in (mm) between a
PotentiPI involved, V live part and an uninsulated live part of opposite polarity, or 1he core?
[o>s0 3/64 12 |
50-125 116 (1.6)
125-250 3/32 (2.4)
250 - 600 1/4 (6.4)

@ Includes turns

of a coil having a magnet wire coating.

18.2.2

Insulating material, such as outer-wrap and crossover-lead insulation, employed to reduce the

risk of live parts from becoming accessible through openings in the outer enclosure in accordance with
Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section 9, shall comply with
Note (a) or (c) of Table 18.1.

18.2.3 A flanged bobbin-wound transformer shall be constructed so as to maintain physical separation
between the primary and secondary windings. Physical separation may be accomplished by employing a
3-flange bobbin for winding the primary and secondary windings adjacent to each other. As an alternative,
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a telescoping bobbin construction, with each section containing an individual winding may be used where
the primary winding is wound over the secondary winding, or the secondary winding is wound over the
primary winding. The bobbin insulation shall comply with Notes (a), (b), (c) or (d) of Table 18.1.

Exception: A 2-flange bobbin having the primary winding wound over the secondary winding, or the
secondary winding wound over the primary winding with the primary winding insulated from the secondary
winding by means of tape insulation is acceptable if:

a) The tape insulation complies with Note (a) or (c) of Table 18.1,

b) The tape insulation provides a continuous overlap on the bobbin flanges,

¢) The transformer complies with the tests described in the flanged bobbin transformer abnormal
operatipn test as specified in 48.10.1 — 48.10.13.

d) The fransformer complies with the induced potential tests specified in 41.1 £)41.4.

18.2.4 With [reference to (c) of the Exception to 18.2.3, the flanged bobbin” transformer abnormal
operation test|is not required if the transformer is supplied from a low-voltage, limited engrgy circuit in
accordance with 2.15 or a limited energy circuit in accordance with 2.13.

19 Resistors

19.1 A resisfor shall be reliably supported and the assembly shall be prevented from|loosening or
rotating by a means other than friction between surfaces.

19.2 The usg of a lock washer is considered to comply with the requirement in 18.1.
20 Switcheg and Controllers

20.1 A switch or other control device shall have current and voltage ratings not less thap those of the
circuit that it controls when the unit is operated as intended.

20.2 A primary-circuit switch that\controls an inductive load having a power factor less than|75%, such as
a transformer pr some ballasts,;and does not have an acceptable inductive rating, shall be pated not less
than twice thg full-load cufrent rating of the load, or the switch shall be investigated for |the particular
application.

20.3 A switch that\controls a tungsten-filament lamp shall have a tungsten-filament-lamp [current rating
not less than the maximum current it will control.

Exception: A switch not having an acceptable tungsten-filament-lamp current rating and rated 3 A or more
may be used to control a 15 W or smaller lamp.

20.4 Solid state switches shall comply with the requirements in this standard, others are per the
applicable Standard, the most commonly used are referenced in Appendix A.

20.5 A means used to transfer the load directly from one source to an alternate source operating at
voltages greater than 42.4 Vpeak ac or 60 V dc, shall comply with requirements in the Standard for
Transfer Switch Equipment, UL 1008.
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21 Overload-Protective Devices
21.1 General

2111 A protective device, such as a fuse or manually operable protector, the normal functioning of
which requires renewal, resetting, or replacement, shall be in a readily accessible location when the unit is
installed in accordance with manufacturer's installation instructions.

21.1.2 If more than two circuit breakers are employed, a means shall be provided for disconnecting all
conductors in a recreational vehicle from the power-supply assembly.

21.1.3 When_circuit analysis or test results indicate that single component failure affects the ability of an
electronic or golid-state circuit to perform its back-up, limiting, or other function intended te\feduce the risk
of fire, electrig shock, or injury to persons, the circuit shall comply with the requirements.inthe Standard for
Tests for Saf¢ty-Related Controls Employing Solid-State Devices, UL 991, includihg, envifonmental and
stress tests [applicable to the intended usage of the end-product. When/stch circdits employ a
microprocesspr executing software to perform the safety-related function, the \software shall comply with
the Standard for Software in Programmable Components, UL 1998.

21.1.4 Withreference to 21.1.3, the components are to be subjected'to the following test|in accordance
with the methods described in the Standard for Tests for Safety-Related Controls Employihg Solid-State
Devices, UL 991:

a) Tramsient Overvoltage Test;

b) Rarmpp Voltage Test;

c) Elegtromagnetic Susceptibility Tests;
d) Elegtrostatic Discharge Test;

e) Thermally Cycling Tests;

f) Hunidity Test; and

g) Effgcts of Shippingand Storage Test.
21.2 Overcurrent-overtemperature protection

21.2.1 Integral qvertemperature or overcurrent protection for all secondary circuits shall be provided.
See7.6-7.7

21.2.2 An automatically reset protective device installed in a secondary circuit shall comply with the
requirements for such devices and shall have a current and voltage rating acceptable for its intended use.
The voltage rating shall be direct-current rating.

21.2.3 If secondary output overcurrent protection is provided, the overcurrent-protective devices shall be
fuses or manually reset circuit breakers. The protective devices for alternating current output circuits of
recreational vehicle inverters shall be suitable for branch circuit protection. See 7.8 — 7.9.

Exception No. 1: An appliance protector complying with the requirements in the Standard for
Supplementary Protectors for Use in Electrical Equipment, UL 1077, may be used in the output circuit of a
unit supplied by a transformer in lieu of a branch circuit protection fuse or circuit breaker when all of the
following are met:
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a) The

protector is an overcurrent type or a shunt trip overcurrent type;

b) The protector tripping current rating is not greater than 135% of the protector amp rating;

c) The protector complies with the Standard for Supplementary Protectors for Use in Electrical
Equipment, UL 1077 short-circuit test conducted without series overcurrent protection;

d) The protector complies with the Standard for Supplementary Protectors for Use in Electrical
Equipment, UL 1077 recalibration test following short-circuit testing;

e) The protector short circuit current rating is not less than the maximum fault current available; and

f) The instruction manual per 59.4, shall include an instruction indicating that branch rated

overcu
NFPA

Exception No.
available from|
14: Suppleme
in lieu of a bra

Exception No.
permanent wi
indicating that

2124 Ifac
circuit. A multi

Exception: A g
requirements
Breaker Enclg

line-to-line compnected loads of a unit rated’ for connection to one of the following circuits ¢

system:
a) Sing
b) 3-wi

c) Circ

22 Fuses an

rent protection IS [0 be provided Dy others (0 comply with the INational EI
(0.

2: A fuse having a short-circuit interrupting rating not less than themaximurn
the unit and complying with the requirements in the Standard fonLow-Voltage
htal Fuses, UL 248-14, may be used in the output circuit of a_unit supplied by
nch circuit protection fuse or circuit breaker.

3: Overcurrent protection is not required to be provided with a unit having
ring connection of the output circuit and provided“with an instruction man
the overcurrent protection is to be provided by others.

rcuit breaker is provided, it shall be conneeted to open all ungrounded con
ble-pole circuit breaker shall be of the common-trip type.

ombination of single-pole circuit bréakers and handle ties that complies with
in the Standard for Molded-Cdse Circuit Breakers, Molded-Case Switches
sures, UL 489, may be used-as the protection for each ungrounded condu

e-phase circuit,

re direct-currentCircuit, or

d Fuseholders

bctrical Code,

n fault current
Fuses — Part
a transformer

provision for
ual per 59.4,

Huctors of the

he applicable

and Circuit-
ctor supplying
f a grounded

it that is'eonnected to a 4-wire 3-phase, or 5-wire 2-phase system with a grounded neutral.

221
are connected

A fuse and fuseholder shall have voltage and current ratings acceptable for the circuit in which they

22.2 A fuse and fuseholder connected in a primary circuit of a power unit shall comply with the
requirements for line-voltage fuses and fuseholders.

22.3 A fuse and fuseholder connected in the input circuit of a power unit shall comply with the
requirements for automotive type or line-voltage fuses and fuseholders.

22.4 A fuse connected in a secondary circuit of a power unit shall comply with the requirements for

automotive or

line-voltage fuses and fuseholders.
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22.5 A fuse connected in an output circuit of a power unit shall comply with the requirements for line-
voltage fuses and fuseholders.

22.6 An uninsulated live part of a fuseholder that can result in a risk of electric shock, other than the
screw shell or clips, shall not be exposed to contact by a person removing or replacing the fuse.

22.7 The screw shell of a plug-type fuseholder and the upper terminal of an extractor-type fuseholder
shall be connected toward the load.

23 Receptacles

23.1 A 15- o 20-A attachment plug receptacle shall be of the grounding type The grounding contact of
the receptacle shall be reliably electrically connected to the grounding means of the unit.

24 Inverter Output Circuits

241 A unit having output circuits for supplying 120 V, 60 Hz, 2-wire with ground or 120/240 V, 60 Hz, 3-
wire with grqund to vehicles and recreational vehicle wiring systems, shall have the putput circuits
protected by iptegral ground-fault circuit-interrupters intended for the current involved.

Exception Ng. 1: A unit that does not have an integral output receptacle, and that| has a wiring
compartment| with pigtail leads, wiring terminals, or other. equivalent means for outgut field-wiring
connections rieed not be provided with integral output circuit ground-fault circuit-interrupter grotection if:

a) The unit is marked in accordance with 58.21, and

b) Theinstallation and operating instructionssmanual for the unit comply with 59.1.

Exception Nq. 2: A portable unit need not’be provided with integral ground-fault cirtuit-interrupter
protection if the unit:

a) Is intended to be connected ‘to’the cigarette lighter outlet of a vehicle, and

b) Hag no direct electrical\connection between the input and output circuits.
25 Lamphojders

251 The screw shelllof an Edison-base lampholder in a unit shall be connected to a copductor that is
intended to bT connected to the grounded conductor of the power-supply circuit.

25.2 A lampholder shall be designed or installed so that uninsulated live parts, other than a screw shell,
will not be exposed to contact by persons removing or replacing the lamp in normal service.

26 Capacitors

26.1 A capacitor connected across the line, such as a capacitor for radio-interference elimination or
power-factor correction, shall be housed within an enclosure or container that will protect the plates
against mechanical damage and will prevent the emission of flame or molten material resulting from
breakdown of the capacitor.

26.2 The container of a capacitor shall be of metal providing strength and protection not less than that of
uncoated steel having a minimum thickness of 0.020 in (0.51 mm).


https://ulnorm.com/api/?name=UL 458 2025.pdf

34 UL 458 JANUARY 31, 2025

Exception: The container may be of thinner sheet metal or may be of material other than metal, if the
capacitor is mounted inside a unit having an enclosure that complies with the requirementsin 7.1 —7.4.

27 Transient Voltage Surge Suppressors

27.1 Transient voltage surge suppressors connected across a primary supply circuit or between primary
circuits and ground shall comply with the applicable requirements in the Standard for Surge Protective
Devices, UL 1449.

28 Printed Wiring

28.1 Aprinte

28.2 A resis
printed-circuit
or fire by a for

or, capacitor, inductor, or other part that is mounted on a printed-circtit ‘“boprd to form a
assembly shall be secured so that it cannot be displaced to result in.a risk of electric shock
e likely to be exerted on it during assembly, normal operation, or s€rvicing of the unit.

28.3 ConsidI
provides mec
board.

ration is to be given to a barrier or partition that is part.of ‘the unit assembly and that
anical protection and electrical insulation for a component connected to a |printed-circuit
29 Spacings

29.1 Generdl

29.11 Gene
spacings — s€
general enviro

Exception No
Including Clea
than that spec

Exception No.

Exception No.
provided with

ral environment spacings shall be as* specified in Table 29.1. Protected
e 8.1 — 8.5 — shall be as specified\in Table 29.2. For the purpose of this r
hment is considered to be an enyironment other than a protected environment

1. A unit complying withi\the requirements in the Standard for Insulation
rances and Creepage Distances for Electrical Equipment, UL 840, may have
fied in Table 29.1 and Table 29.2. See 29.1.2 and 29.1.3.

2: Spacings may be as provided in 29.2.1 if liners and barriers are used.

3: Spacings may be as provided in 29.1.2, between adjacent foils on printed
h confotmal coating complying with the requirements in the Standard for Polym

environment
bquirement, a

Coordination

spacings less

wiring boards
eric Materials

— Use in ElectficalEquipment Evaluations, UL 746C. See 29.1.2.

Exception No. 4: On printed wiring boards having a flammability classification of V-0 and constructed from
a base material having a minimum Comparative Tracking Index (CTI) rating of 100 and 175 V for protected
and general environments respectively, spacings (other than to ground, between primary and secondary
circuits, and at field wiring terminals) are not specified between traces of different potential connected in
the same circuit if the spacings comply with the requirements in Section 49, or an analysis of the circuit
indicates that no more than 12.5 mA of current will flow between short-circuited traces having reduced
spacings.

Exception No. 5: For multilayer printed wiring boards, the minimum spacing between adjacent internal
foils of opposite polarity and between an internal foil and a plated-through hole is 1/32 in (0.8 mm). If these
foils are in circuit described in 14.3 — 14.9, no spacing is specified.

Exception No. 6: The spacing requirements in Table 29.1 and Table 29.2 may not apply to inherent
spacings of a component such as a switch, lampholder, or a motor. Such spacings are to comply with the
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requirements for the component in question if the spacings are less than the values specified in Table 29.1
and Table 29.2. Spacings from such components to another component and to the enclosure shall comply
with the appropriate spacings specified in this Standard.

Exception No. 7: Spacings between adjacent terminals of a power switching semiconductor device
including the connection points of the terminals of the device are not specified.

Table 29.1
Spacings for a unit intended for use in a general environment
Minimum spacings, in (mm)
Between any uninsulated live part and an uninsulated live part Between any uninsulated live
of opposite polarity, uninsulated grounded part other than the part and the.walls of a metal
. enclosure, or exposed metal part® enclosure including a fitting
Involved in V RMS _ for conduit or grmored cable®,
(peak) Through air Over surface shortest|distance
0-50 c C c
(0-70.7) 116 (1.6) 116 (1.6) 1116 | (1.6)
51-150 c
(70.7 - 212}1) 18 (3.2) 1/4 (6:4) 1/4 | (6.4)
151 - 300
(212.1 - 4243) 174 (6.4) 38 (95) 12 | (12.7)
301 -600
(424.3 — 8485) 3/8  (95) 1/2:(12.7) 12 | (12.7)
@ For printed wifing boards, see Exception Nos. 2 —4 to 29.1.1.
® For the purpode of this requirement, a metal piece attached to the enclosure is considered to be a part of the endlosure if
deformation of the enclosure is likely to reduce spacings between:the adjacent metal piece and uninsulated live pgrts.

¢ The spacing b
dead-metal parf

etween field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal a
shall not be less than 1/4 in (6.4 mm).

hd a grounded

Table 29.2

Spacings for a unit intended for use within a protected environment

Minimum spacings, in (mm)
Between any uninsulated live part and an uninsulated live part Between any uhinsulated live
of opposite polarity, uninsulated grounded part other than the part and the walls of a metal
. enclosure, or exposed metal part® ¢ enclosure including a fitting
Involved in V RMS - for conduit or grmored cable®,
(Peak) Through air Over surface shortest|distance
0-50 c
(0-70.7) 5764 (1.2) 364 (2] 716 (1.6)
51-125 ce ce
(70.8 - 176.8) 116 (1.6) 1116 (1.6) 1/4 (6.4)
126 — 250 ce ce
(176.9 — 353.5) 3/32 (2.4) 3/32 (2.4) 112 (12.7)
251-600
(353.6 — 848.5) 3/8 (9.5) 1/2 (12.7) 112 (12.7)

@ For printed wiring boards, see Exception Nos. 2 — 4 of 29.1.1.

b For the purpose of this requirement, a metal piece attached to the enclosure is considered to be a part of the enclosure if
deformation of the enclosure is likely to reduce spacings between the adjacent metal piece and uninsulated live parts.

® The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and a ground
dead-metal part shall not be less than 1/4 in (6.4 mm).

Table 29.2 Continued on Next Page
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Table 29.2 Continued

(Peak)

Involved in V RMS

Minimum spacings, in (mm)

Between any uninsulated live part and an uninsulated live part
of opposite polarity, uninsulated grounded part other than the
enclosure, or exposed metal part® ¢

Through air Over surface

Between any uninsulated live
part and the walls of a metal
enclosure including a fitting

for conduit or armored cable®,

shortest distance

(1.2 mm) is acc

4 On printed wiring boards, their connectors and board-mounted components, wired on the load side of line filters or other similar-
voltage-peak-reduction networks or components, or both, a minimum spacing of 0.023 in (0.58 mm) plus 0.0002 in (0.005 mm) per
volt peak shall be maintained over surface and through air between uninsulated live parts and any other uninsulated conductive
part (live or dead) not of the same polarity.

¢ At closed-in points only, such as a screw and washer construction of an insulated stud mounted in metal, a spacing of 3/64 in

tahla.

29.1.2 With

Coordination

through-air sp
conductive po
voltages are k
impulse withs
terminals and

29.1.3 A unif
Standard for
Equipment, Ul

29.1.4 In ord
Insulation Cod
controlled ove|
of the product

29.1.5 All pr
without further

29.1.6 With
Standard for
Equipment, Ul

reference to Exception No. 1 to 29.1.1 and with reference to the Standard
ncluding Clearances and Creepage Distances for Electrical Equipment, UL
hcings are based on the use of insulating materials that resist arcitracking and

hown and are controlled by a transient suppressive device and to a unit that
and voltage test. The spacing requirements of UL 840,shall not be used f
Epacings to a dead metal enclosure.

shall be considered overvoltage category Il and/orovervoltage category | as
Insulation Coordination Including Clearances»'and Creepage Distances
| 840.

er to apply Clearance B (controlled overvoltage) clearances as defined in the
rdination Including Clearances and\ €reepage Distances for Electrical Equipn
Fvoltage shall be achieved by providing an overvoltage device or system as a

nted-wiring boards are conhsidered to have a minimum comparative tracking
investigation.

reference to Exception No. 1 to 29.1.1 and the pollution degree levels des
Insulation_s€oordination Including Clearances and Creepage Distances

enclosure as

considered applicable to a unit intended for use in a general environment.

scribed’in Section 8, Enclosures Used for Protected Environments. Pollutig

for Insulation
840, reduced
the degree of

lution present in the environment of use. They are applicable to a unit in which the transient

withstands an
pr field-wiring

defined in the
for Electrical

Standard for
nent, UL 840,
n integral part

index of 100

scribed in the
for Electrical

| 840, polldtion degree 2 is considered applicable to a unit employing protected environment

:

n degree 3 is

29.1.7 With reference to Exception No. 2 to 29.1.1 concerning conformal coatings, minimum spacings of
1/32 in (0.8 mm) between adjacent foils shall be maintained. A conformal coating on printed wiring boards
is not considered as insulation in lieu of spacings between a foil on a printed wiring board and uninsulated
live-metal parts of opposite polarity or to uninsulated dead-metal parts.

29.1.8 If an uninsulated live part is not rigidly secured in position by means other than friction between
surfaces, or if a movable dead metal part is in proximity to an uninsulated live part, the construction shall
be such that, for any position resulting from turning or other movement of the parts in question, at least the
minimum acceptable spacings will be maintained.

Exception No. 1: The spacing requirements in Table 29.2 and Table 29.3 do not necessarily apply to the
inherent spacings of a component of a unit, such as a switch, fuse, or attachment plug. Such spacings are
to comply with the requirements for the component in question if they are less than the values specified in
Table 29.2 and Table 29.3.
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Exception No. 2: As provided in 29.2.1.

Table 29.3
Minimum acceptable spacings between an uninsulated live part and a metal enclosure or other

accessible dead metal part, including a fitting for conduit or armored cable

Minimum spacing through air and over surface
Potential involved, V in (mm)
50 or less 116 (1.6)
51-150 1/4 (6.4)
4154 220, EWis) LK} 'I)
+54—236 H2 2

29.1.9 With|reference to 29.1.8, a properly applied lock washer is considered an @ceeptgble method of
rigidly securing a part.

29.1.10 With respect to determining spacings, an uninsulated live part is\considered to pe at opposite
polarity to uninsulated live parts in another circuit. Spacings are to be hased on the highest of the circuit
voltages.

29.1.11 Filnf-coated wire is considered to be an uninsulated live part when determining spacings.

29.1.12 Spdcings at field wiring terminals are to be measured with conductors installed inl the terminals.
The gauge of|the conductors is to be based on the rating-of‘the circuit containing the terminajs.

29.1.13 Sp4gcings between uninsulated live parts@f different potential and between such parts and dead
metal that mgy be grounded in service are not specified for parts of low-voltage limited energy circuits in
accordance \ith 2.15. Spacings are determined by the applicable dielectric voltage withstand test
specified in Sgction 40, Dielectric Voltage-Withstand Test.

29.1.14 Sp4gcings between uninsulated live parts of different potential and between such parts and dead
metal that aje grounded in service are not specified for parts of isolated limited-enefgy circuits in
accordance with 2.13. Spacings/in circuits that exceed 30 V (42.4 peak) are to be invedtigated by the
applicable diglectric voltage-withstand test specified in Section 40, Dielectric Voltage-Withstand Test.

Exception: A meter complying with the requirements in the Standard for Electrical Analog|Instruments —
Panelboard Type, £51437, need not be subjected to a dielectric voltage-withstand test.

29.1.15 All ininsttated-ivepartsconnectedto different-—circuits—shattbe spaced fromrone another as if
they were parts of opposite polarity and shall be judged on the basis of the highest voltage involved.

29.1.16 The acceptability of spacings between live and dead metal parts connected to the enclosure
within an electrical instrument shall be determined by a dielectric voltage-withstand test in accordance with
40.1.

29.2 Insulation barriers

29.2.1 Aninsulating liner or barrier of material such as vulcanized fiber or thermoplastic employed in lieu
of required spacings mentioned in Exception No. 1 to 29.1.1 shall not be less than 0.028-in (0.71-mm)
thick and shall be so located or of such material that it will not be adversely affected by arcing.

Exception No. 1: Vulcanized fiber not less than 0.013-in (0.33-mm) thick may be used in conjunction with
an air spacing of not less than 50% of the minimum acceptable through-air spacing and between a heat
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sink and a metal mounting surface, including the enclosure, of battery-charging circuits rated 50 Vrms or
less.

Exception No. 2: Mica not less than 0.006-in (0.152-mm) thick may be used as insulation between a heat
sink and a live case of a semiconductor device.

Exception No. 3: An insulating material having a thickness less than that specified in 29.2.1 may be used
if, upon investigation, it is found to be acceptable for the particular application.

29.2.2 A wrap of thermoplastic tape, complying with the requirements in the Standard for Polyvinyl
Chloride, Polyethylene and Rubber Insulating Tape, UL 510, may be used in lieu of required spacings if all
the following conditions are met:

a) The 5, and is used

with no

wrap is no less than 0.013-in (0.33-mm) thick, is applied in two or more layer:
less than half the required through air spacing.

b) The|wrap is no less than 0.028-in (0.71-mm) thick when used with lessthan half the required

throughp-air spacing.

temperature rating is no less than the maximum température observed during the

rature Test, Section 38.

c) lIts
Tempe
d) The ftape is not subject to compression.

e) The tape is not wrapped over a sharp edge.
30 Grounding

30.1 A unit Having a metal enclosure shall have a terminal or lead for connecting the metal enclosure

and enclosure|

Exception: Th
a) Intel

b) Hav

30.2 Withre
wiring system
means other t

parts to ground.

s requirement does not apply to a portable unit:
hded to be connectedto the cigarette lighter outlet of a vehicle, and

ng no direct electrical connection between the input and output circuits.

erence 10:30.1, in a unit intended to be connected to the power supply by a m
such ‘as-rigid metal conduit or armored cable, or intended to be connecte

etal-enclosed
d indoors, by

han.a metal-enclosed wiring system such as nonmetallic-sheathed cable, all

metal parts a

ndall dead metal parts inside the enclosure that are exposed to contact

;

xposed dead
uring normal

operation or adjustment of the unit, or during any servicing operation, including maintenance and repair,
and that are likely to become energized, shall be conductively connected to the grounding terminal or lead.

30.3 The surface of the insulation on a lead intended for the connection of a grounding conductor shall
be green with or without one or more yellow stripes, and no other lead shall be so identified.

30.4 A wire-binding screw for the connection of a field-installed equipment grounding conductor shall
have a green colored head. A pressure wire connector for connection of such conductor shall be plainly
identified such as by being marked "G," "GR," "GND," "Ground," "Grounding," or the like; or by an
acceptable marking on a wiring diagram attached to the unit.

30.5 The grounding connection shall be located so that it is unlikely to be removed during normal
servicing of the unit.
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30.6 A terminal solely for connection of an equipment grounding conductor shall secure a conductor of
the size acceptable for the particular application.

30.7 A wiring terminal for connection of an equipment-grounding conductor shall comply with the
requirementsin 12.1.2.3 — 12.1.2.9.

30.8 The grounding conductor of a power-supply cord shall be connected to the grounding blade of a
grounding attachment plug and shall be connected to dead metal parts within the frame or enclosure by
means of a screw or by equivalent means that is not likely to be removed during any servicing operation
not involving the power-supply cord. Solder alone shall not be used for securing the grounding conductor.

30.9 The surface of any insulation on the grounding conductor of a flexible cord shall be green with or
without one of more yellow stripes and no other conductor shall be so identified.

30.10 A terrpinal shall be provided on the outside of a unit solely for connection of|the enclosure to the
chassis of a Jand vehicle. The terminal shall be of a size that will secure anr 8_AWG copper bonding
conductor, and shall be marked in accordance with Section 57, Details (plainly|identified by|being marked
"Chassis Bonfing Lug," or with the IEC Publication 417, Symbol 5019.) See kigure 30.1.

Exception: THis requirement does not apply to marine crafts.

Figure 30.1
IEC Publication 417, Symbol 5019

30.11 The terminal mentioned in 30.10 shall not be secured to a part of the enclosure that is readily
movable, such as a cover, hood, and the like.

31 Bonding of Internal Parts
31.1 General

31.1.1 An exposed dead metal part that is likely to become energized by an electrical fault shall be
reliably bonded to the point of connection of the field-equipment-grounding means.

Exception: A dead metal part of a low-voltage component need not be bonded if it is:
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a) Positively separated from line-voltage parts and wiring; or

b) Separated from live parts and wiring by an interposing barrier or part in such a manner that the

interposed barrier or part will be the first to be subjected to an electrical fault. A metal

barrier or part

shall be grounded or bonded to the point of connection of the field equipment-grounding means.

31.1.2 An uninsulated metal part, such as a baffle, a barrier, a cover, an enclosure guard,
core, or the like, shall be electrically bonded together if they might be contacted by the user o

a transformer
r serviceman.

31.1.3 With reference to 31.1.2, internal parts that are painted or otherwise coated prior to assembly

shall be secured in position by a fastening means that will reliably penetrate the surface coati

ng.

31.1.3.1 The grounding connection and the output neutral of a unit that is intended to be
the cigarette lighter outlet of a vehicle shall be bonded to the inverter frame or enclosure( $eq

31.1.4 Uningdulated live parts and wiring shall be separated from a moving or moyvable p
relay or contgctor magnet and armature, by clamping, positioning, or an eguivalent m
maintain permianent separation.

31.1.5 A metal part, such as an adhesive-attached metal marking plate, a screw, a hand
that is located|on the outside of an enclosure or cabinet, need not be‘bonded if it is isolated
components ahd wiring by a grounded metal part so that it is notdikely to become energized
from wiring and spaced from uninsulated live parts as if it were a grounded part. Other part
to be bonded are:

a) Smdll internal assembly screws, rivets, or othersmall fasteners;
b) A hgndle for a disconnect switch; and

c) A relay or contactor magnet and armature.
31.2 Bonding conductor

31.2.1 Bond
conductor as s

ng shall be accomplished by metal-to-metal contact between parts or by a sep|
pecified in 31.2:2—31.2.4.

31.2.2 A bonding conductor shall be copper, a copper alloy, or other acceptable material.

31.2.3 A splite shall not be employed in a bonding conductor.

connected to
13.2.1.

art, such as a
bans that will

e, or the like,
rom electrical
or separated
5 not required

arate bonding

31.24

31.2.5
output.

A separate bonding conductor for a unit shall have an ampacity rating equal to

PERFORMANCE
32 General

321
Unless otherwise specified, all tests are to be conducted at not less than the rated voltage of

A separate bonding conductor shall not be smaller than the conductors supplying a unit.

the total unit

A representative sample of a unit shall be subjected to the tests described in Sections 33 — 53.

the unit or the

highest of a rated voltage range, and an ambient temperature of 25°C (77°F) at rated frequency. See Table

32.1.
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Table 32.1
Values of test voltages

Rated voltage Test voltage
10.5-15.5 12.6
15.6 —20.9 Rated voltage
21.0-31.0 25.2
31.1-41.9 37.8
42.0-60.0 50.4

110-115 120
Batwean-116. 21Q Ratad unlfqgn
220 -230 240

32.2 The s€|

32.3 Output
the average ¢

33 Leakage

33.1 The le
accordance W

33.2 All exp|
these surface
simultaneous
considered to
are considere
person at the
than 30 Vrms
conductor of

conductor and the grounded supply conductor.

33.3 Ifaco
leakage currg
surface. If the
metal foil is ng

Condary current and voltage are to be measured by using an averagesindicatin

L.current measurements of either half-wave or full-wave rectifier circuits are t
urrent reading.

Current Test

bkage current of a cord-connected unit rated .for*a nominal 120-V supply, Y
ith 33.2 — 33.6 shall not be more than 0.75 mA.

psed conductive surfaces are to be tested for leakage currents. The leakage
5 are to be measured to the grounded’supply conductor individually as well a
y accessible, and from one surface to another if simultaneously accessi
be exposed surfaces unless protected against electric shock as defined in 9
d to be simultaneously accessible if they can be readily contacted by one or b

(42.4 Vpeak). If all accessible surfaces are bonded together and connected to
the power-supply «cord, the leakage current may be measured between

nductive surface other than metal is used for the enclosure or a part of the
nt is to"be measured using a metal foil with an area of 10 by 20 cm in cg
surface is less than 10 by 20 cm, the metal foil is to be the same size as th

0 meter.

b be based on

vhen tested in

currents from
5 collectively if
ble. Parts are
.1.2. Surfaces
oth hands of a

same time. These measarements do not apply to output terminals operating af voltages less

the grounding
the grounding

enclosure, the
ntact with the
e surface. The

t to.remain in place long enough to affect the temperature of the unit.

33.4 The circuit for the leakage current measurement is to be as illustrated in Figure 32.1. The
measurement instrument is defined in (a) — (d). The meter that is actually used for a measurement need
only indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 Q resistive shunted by a capacitance of 0.15

uF.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kHz, the measurement circuit is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the impedance
of a 1500-Q resistor shunted by a 0.15-yF capacitor to 1500 Q. At an indication of 0.75 mA, the
measurement is to have an error of not more than 5% at 60 Hz.
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d) Unless the meter is being used to measure leakage from one part of a unit to another, the meter
is to be connected between an accessible part and the grounded supply conductor.

Figure 32.1

Leakage-current measurement circuit
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33.5 A sample of the unit is to be tested for leakage current starting with the as-received condition — the
as-received condition is to be without prior energization except as may occur as part of the production-line
testing — but with the grounding conductor, if any, open at the attachment plug. The supply voltage is to be

adjusted to 120 V. The test sequence, with reference to the measuring circuit, Figure 32.1, is as follows:

a) With switch S1 open, the unit is to be without load and connected to the measuring circuit. The
leakage current is to be measured using both positions of switch S2 and with the unit switching

device

s in all their normal operating positions.

b) Switch S1 is then to be closed energizing the unit, and within a period of 5 s the leakage current
is to be measured using both positions of switch S2 and with the unit switching devices in all their

norma

| operating positions.

c) The
to be
operat

33.6 Norma
without interr

may be interrfipted to conduct other nondestructive tests.

34 Power In

341 The in
maximum nor

34.2 Maxim
a resistive log

leakage current is to be monitored until thermal stabilization. Both positions .o
used in making this measurement. Thermal stabilization is considered.to.b
on of the unit as in the normal temperature test.

ly, the complete leakage current test program as described inx33.5 is to
Iiption for other tests. With the concurrence of those conceried, the leakags

put Test

put current to a unit shall be measured with<the unit operating while con

Im normal load for a unit that does not.ihcorporate an integral battery charger|
d adjusted to obtain rated output.

switch S2 are
e obtained by

be conducted
b current tests

nected to the

mal load, see 34.2 — 34.4. The current input shall not be more than 110% of the rated value.

circuit is to be

34.3 For a ynit incorporating an integral battery-charger circuit, maximum normal load is fo be obtained
by:
a) Loading the charging circuit o its rated output current by means of an adjustable Ipad consisting
of a 100,000 pF capacitorin parallel with a resistor; and
b) Eqyally dividing —\see 38.1.3 — among the secondary output-branch circuits a| resistive load
equal [to the difference between the total secondary-output-current rating of the|unit, and the
outputtcurrent.rating of the battery-charging circuit.
34.4 The maxitmum normal load for a unit designed for use with a floating battery — a [battery that is

connected to

an-electrical system including a charger and a load — is to be a 100.000 (

F capacitor in

parallel with a resistor adjusted to draw rated output current.

35 Output Voltage Measurement Test

35.1

specified in Table 35.1.

The output voltage of a secondary circuit connected to a resistive load shall be within the value
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Table 35.1
Output voltage of secondary circuits
Minimum voltage at full rated output Maximum voltage at 5% of rated
Unit output rating, V load, V output load, V
12 10.5 15.5
24 21.0 31.0
36 315 46.5
48 -60 42.0 60.0

36 Capacito

r Voltage Measurement Test

36.1 The vol

tage applied to the terminals of a capacitor such as for filtering or in a reson

shall not exce¢d the manufacturer's rating of the capacitor.

37 Output V|

37.1 Withre
transformer o
transformer or|

37.2 The mg
using a resistd

38 Tempera

38.1 Norma

38.1.1 When
deliver the ma

point high eng
the temperatu

pltage and Current Test

power supply being tested. Measurements may be made at the output te
power supply.

ximum current is to be measured under any_condition of loading, including
r that is continuously re-adjusted during the 1-min period to maintain maximun

ture Test

ximum normal-load curtent, see 34.2 — 34.4, a unit shall not attain a temp
ugh to constitute a risk of fire, adversely affect any material employed in the u
e limits specified in‘Table 38.1. See also 38.1.8.

tested on an open bench:as.described in 38.1.2 — 38.1.11, with the output IoI

ating winding,

Epect to 14.5, the measurement is to be made with all loading Circuits disconnected from the

minals of the

short circuit,
load current.

d adjusted to
rature at any
nit, or exceed

Table 38.1
Maximum acceptable temperatures
Material and component parts °Cc (°F)
1. A surface Tpon whicha unftmay be mounted i Service, and surfaces thatmay be adjacent 90 (194)
to the unit when so mounted
2. Any point on or within a terminal box or compartment of a fixed power unit on which field- 60 (140)
installed conductors to be connected may rest
Field wiring terminals 75 (167)
4. Class 105 coil insulation systems of a relay, a solenoid, or the like
Thermocouple method 90?2 (194)?
Resistance method 110 (230)
5. Class 130 coil insulation systems of a relay, a solenoid, or the like
Thermocouple method 1108 (230)?
Resistance method 120 (248)

Table 38.1 Continued on Next Page
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Table 38.1 Continued
Material and component parts °C (°F)
6. Class 105 transformer insulation systems:
Thermocouple method 90?2 (194)?
Resistance method 95 (203)
7. Class 130 transformer insulation systems
Thermocouple method 1102 (230)?
Resistance method 120 (248)
8. Class 155 transformer insulation systems
Ther method 35 (275)
Resigtance method 145 (293)
9. Class 180 transformer insulation systems
Thermocouple method 150 (302)
Resigtance method (160) (320)
10.  Class 200 transformer insulation systems
Therrhocouple method 165 (329)
Resigtance method 175 (347)
11. Class 220 transformer insulation systems
Therrhocouple method 180 (356)
Resistance method 190 (374)
12.  Class 2 fransformer enclosure 85 (185)
13.  Class A notor coil insulation systems:
A. In &n open motor:
Thermocouple method 90 (194)
Resistance method 100 (212)
B. In & totally enclosed motor:
Thermocouple method 95 (203)
Resistance method 105 (221)
14.  Class B notor coil insulation systems:
A. In &n open meter:
Thermogouple method 110 (230)
Resistarice method 120 (248)
B. In a totally enclosed motor:
Thermocouple method 120 (248)
Resistance method 125 (257)
15.  Varnished-cloth insulation 85 (185)
16. Fiber employed as electrical insulation 90 (194)
17. Phenolic composition employed as electrical insulation or as a part the deterioration of 150° (302)°
which would result in a risk of fire or electric shock.
18.  Wood or other combustible material 90 (194)
19.  Rubber- or thermoplastic-insulated wire and cord 60° ¢ (140)P¢©
20.  Other types of insulated wires d d

Table 38.1 Continued on Next Page
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Table 38.1 Continued
Material and component parts °C (°F)

21.  Capacitor:

Electrolytic 65° (149)°

Other than electrolytic 90° (194)°
22.  Sealing compound f f
23.  Selenium rectifier 7590 (167)9"
24.  Silicon rectifier 100" (212)"
25.  Power switching semiconductor device 100" (212)
26. A handle prrmop thatisgrasped for ttftng; carryimg, or hofding

Metalllc' 50 (122)

Nonmegtallic' 60 (140)
27.  Ahandleor knob that is contacted but does not involve lifting, carrying, or holding and other

surfaces pubject to contact in operation and user maintenance

Metalllc 60 (140)

Nonmegtallic' 85 (185)
28. A surfacq subject to casual contact

Metall|c 70 (158)

Nonmgtallic 95 (203y

@ At a point on th
by means of a th
resistance meth

® The temperatu
has been investi

¢ A short length
than 60°C (140°
employed on ea

4 The maximum

¢ A capacitor tha
may be judged g

fUnless a therm

Pine Chemicals

9 A temperature
material suitablg]

" A component t

point of the compound as determined-in accordance with the Standard Test Methods for Softening Point of Resins

e surface of a coil where the temperature is affected by an ‘external source of heat, the temperatur
ermocouple may be 5°C (9°F) higher than that specifiedif the temperature of the coil as measured
d is not more than that specified.

e limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to 3
hated and found to have acceptable heat-resistant properties.

f rubber- or thermoplastic-insulated flexible cord inside the power unit may be exposed to a temps
F) if supplementary insulation acceptable-for the measured temperature and of adequate dielectrig
h individual conductor.

bllowable temperature shall not exceed the temperature limit of the wire except as noted in (d).

operates at a temperature ofsmore than 65°C (149°F) for electrolytic and more than 90°C (194°F
n the basis of its markeditemperature limit.

bsetting compoundsthe-maximum sealing compound temperature limit is 15°C (27°F) less than thg

hind Hydrocarbons; by Ring-and-Ball Apparatus, ASTM E28.

imit of 85°C,(185°F) is acceptable if the stack assembly is insulated with phenolic composition or g
for a temperature of 150°C (302°F).

at operates at a temperature of more than 100°C (212°F) shall be judged on the basis of the man

P as measured
by the

compound that

rature of more

properties is

for other types

softening
Derived from

ther insulating

ifacturer's

rating.

1) The power unit is intended to be permanently installed so that it is not likely to be contacted by people;

P A handle, knob, or the like made of a material other than metal, that is plated or clad with metal having a thickness of 0.005 in
(0.13 mm) or less, shall be judged as a nonmetallic part.

I A power unit may exceed the temperature limits for surfaces subject to casual contact if all of the following conditions are met:

2) The power unit is marked as required by 58.25; and

3) The power unit is provided with instructions as specified in 59.2.

38.1.2 A protective device shall not operate during the normal temperature test.

38.1.3 With reference to 38.1.1, the load shall be subdivided between the output circuits so that at least
one circuit of each rating is loaded to 80% of its rating and the remainder of the load is distributed equally
among the other circuits.
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38.1.4 A unit designed for mounting or support in more than one position shall be tested in a manner
representing the most severe conditions.

38.1.5 Unless investigated and found acceptable — see 7.13 — a supporting means formed of soft rubber
or rubberlike material is to be removed prior to the temperature test. If the supporting means has a metal
insert, such as a screw or rivet, the test is to be conducted with the unit supported by the metal insert. At
the request of the manufacturer, the test may be conducted without any means of support.

38.1.6 Coil and winding temperatures are to be measured by thermocouples located on exposed
surfaces, except the resistance method may be used for a coil that is inaccessible for mounting of these
devices such as a coil:

a) Imnfjersedin a sealing compound,
b) Wrgpped with thermal insulation such as asbestos; or

c) Wrgpped with more than two layers of material such as cotton, paper, @grfayon more than 1/32-in
(0.8-mm) thick.

In an alternat|ng-current motor, the thermocouple is to be mounted on the integrally-applied insulation of
the coil wire.

38.1.7 In us|ng the resistance method, the windings are to be atiroom temperature at the start of the test.
The temperatpre of a winding is to be calculated from the formula:

f;=§(k+r1) —k

in which:
Tc is the temperature of the winding at the end of the test in °C;
R is resistance of the winding at'the end of the test in ohms;
r is registance of the winding at the beginning of the test in ohms;
t1 is rqom temperature at the beginning of the test in °C; and

k is 234.5 forcopper, 225.0 for electrical conductor grade (EC) aluminum. Values of|the constant k
for other grades must be determined.

38.1.8 All temperature values in Table 38.1 are based on an assumed ambient temperature of 25°C
(77°F). However, with correction of temperature measurements, tests may be conducted in other ambients
as described in Table 38.2.
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Table 38.2
Temperature measurement correction
Correction of observed
Ambient temperature rating of unit Test ambient temperature temperature
1. 25°C (77°F) Range of 10 —40°C See note a, item A
(50 — 104°F)
2. Range of 25 - 40°C Range of 20 - 40°C See note a, item B
(77 — 104°F) (68 — 104°F)
3. Above 40°C (104°F) Rated ambient c

Seenote b

ambier]t temperature.

b Allowable tolerinces are:

Plus — pot specified.

made as described in item B of note a.

@ Correction of tgmperature, as determined by item A or B below, shall not exceed the temperature limit specified.ir{ Table 38.1.
A. An dbserved temperature is to be corrected by addition if the test ambient temperature is lowerthen29°C (77°F) or by
subtradtion if the test ambient temperature is higher than 25°C (77°F) of the difference between25°C (771F) and the test

B. An gbserved temperature is to be corrected by addition (if the test ambient temperaturejislower than the rated
ambier]t temperature) or by subtraction (if the test ambient temperature is higher than\the rated ambient t¢mperature) of
the difference between the rated ambient temperature and the test ambient temperature.

Minus 1 not less than 5°C (9°F) below rated ambient.

¢ If the test ambignt temperature equals rated ambient, no correction is to be miade, and an observed temperature ghall not exceed
the temperature [imit specified in Table 38.1. If the test ambient temperature.is other than the rated ambient, correction is to be

38.1.9 Thermocouples shall consist of wires notdarger than 24 AWG and not smaller than 30 AWG.
When thermogouples are used in determining temperatures in electrical equipment, it is comymon practice
to employ thgrmocouples consisting of 30 "AWG iron and constantan wire and a potentiometer-type
instrument. Juch equipment is to be-‘used whenever referee temperature measurements by
thermocouple$ are necessary. The thermocouples and related instruments are to be pccurate and
calibrated in gccordance with good-laboratory practice. The thermocouple wire is to conform with the
requirements |in the Tolerances «on~ Initial Values of EMF versus Temperature tables in [the Standard
Specification jand Temperature-Electromotive Force (emf) Tables for Standardized THermocouples,

ANSI/ASTM ER30/E230M.

38.1.10 A thprmocouple junction and the adjacent thermocouple lead wires are to be held securely in
good thermal ¢ontaet:with the surface of the material of which the temperature is being measured. Usually
adequate thermal contact will result from securely taping or cementing the thermocouple in [place but, if a

metal surface ls involved brazing or soldering the thermaocouple to the metal may be necessary.

38.1.11 A temperature is considered to be constant when three successive readings taken at intervals of
10% of the previously elapsed duration of the test, but not less than 15 min, indicate no further increase.

38.2 Maximum output without fan operation

38.2.1 A unit employing a cooling fan, the operation of which is controlled by a thermostat or other
thermal sensing device or component, is to be operated under the conditions described in 38.1.1 — 38.1.11
except that the load is to be reduced to the maximum load it can carry without resulting in operation of the
cooling fan. The unit shall comply with the temperature limits specified in Table 38.1 and Table 38.2.
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38.3 Zero clearance

38.3.1 A unit mounted in a wooden enclosure as described in 38.3.2 and 38.3.3 shall comply with the
requirements in 38.1.1 — 38.2.1. In addition, the surface temperatures on parts exposed to contact on a
unit for flush-wall installation shall not exceed those specified in Table 38.3.

Exception No. 1: A protective device may cycle during the test.

Exception No. 2: A temperature rise may be 20°C (36°F) greater than that specified in Table 38.1.

Table 38.3
MaxXimum acceptable temperature limits
°C (°F)
A. Surfaces
Bare or painted metal 67 (153)
Porcelaif enamel 71 (160)
Glass 78 (172)
Plastic? 83 (181)
B. Handlesjand knobs
Bare or gainted metal 55 (131)
Glass 65 (149)
Plastic® 75 (167)

2 Includes plastic with a metal plating not more than 0.005-in (0:13-mm) thick; and metal with a plastic or vinyl covéring not less
than 0.005-in thjck.

38.3.2 A unitis to be mounted in an enclosure consisting of four vertical side walls at right fngles to each
other, and a Horizontal top and base of-1/2-in thick plywood or soft pine with a nominal thickness of 3/4 in.
The interior surfaces are to be painted-flat black and the joints are to be tight or sealed. Th¢ unit is to rest
on the base yith the walls and top, in as intimate contact with the unit as the configuratipn on the unit
permits.

38.3.3 A unijt intended.forflush mounting is to be flush mounted on a vertical surface and the recessed
portions are t¢ be enclesed in accordance with 38.3.2.

38.4 Maxirr1um overload without trip

38.4.1 A unitis to be operated under the conditions described in 38.1.1 — 38.3.3 at the maximum load it
can carry without resulting in the protector required by 21.2.1 to open the circuit — ultimate trip current.
During the test:

a) Transformer winding temperatures shall not exceed 140°C (284°F) for Class A insulation, or
165°C (329°F) for a Class B or F insulation, or 20°C (36°F) above the value specified in Table 38.1
for any other class of insulation.

b) The temperature of any component other than a transformer shall not exceed that specified in
Table 38.1 by more than 20°C (36°F).

c) A flush-wall mounted unit shall also comply with the temperature limits specified in Table 39.1.

d) A fixed or stationary type unit shall not exceed the temperature limits specified in Table 39.1 by
more than 20°C (36°F).
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38.4.2 With reference to 38.4.1, readily accessible branch-circuit overcurrent-protective devices in a
secondary circuit shall be shunted during the test if they would open the circuit prior to the opening of an
internal protective device.

39 External Surface Temperature Limits Test

39.1 During the normal temperature test described in Section 38, Temperature Test, surface
temperatures shall not exceed the applicable values specified in Table 39.1. The results of a test that is
conducted at a room temperature of other than 25°C (77°F) is to be corrected to 25°C (77°F). See 38.1.8.

Table 39.1
———NMaximumacceptablesurface-temperatures—
Composition of surface?®
Metal Nonmetallic

Location °C (°F) °C (°F)
A handle or knolj and other surfaces subject to contact 60 (140) 85 (185)
in operation and|user maintenance
A surface subjedt to casual contact 70 (158) 95 (203)
Surfaces upon which a fixed or stationary unit may be 90 (194) 90 (194)
mounted in service

@ A handle, knob} or the like made of a material other than metal, that is plated‘or clad with metal having a thicknes$ of 0.005 in
(0.13 mm) or lesp is considered a nonmetallic part.

40 Dielectri¢ Voltage-Withstand Test

40.1 A unit, at the maximum operating temperature reached in normal use, shall withstand for 1 min
without breakdown the application of a 60 Hz essentially sinusoidal potential of:

a) Onelthousand volts plus twicé the maximum rated voltage:

1) Between the primary circuit and dead metal parts;

2) Between the.primary and secondary circuits; and

3) Between-all secondary windings, including any ferroresonant winding.

b) Fivel hundred volts between a secondary circuit operating at 50 V or less and dead metal parts;
1000 VY «plus twice the maximum rated secondary circuit voltage between a secgndary circuit,
includingany ferroresonant winding, operating atmore than 50 Vand dead metatipa

c) One thousand volts plus the rated voltage of a capacitor between the terminals of a capacitor
used across the line for radio-interference elimination or arc suppression.

40.1.1 A dc potential of 1.414 times the rms value of the ac potential specified in 40.1 may be used
instead of the ac potential.

40.2 To determine whether a unit complies with the requirements in 40.1, the unit is to be tested using a
500 VA or larger capacity transformer, the output voltage of which can be varied. The applied potential is to
be increased from zero to the required test value, and is to be held at that value for 1 min. The increase in
applied potential is to be at a substantially uniform rate as rapid as is consistent with correct indication of
its value by a voltmeter.
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41 Induced Potential Test

41.1 If a 2-flange bobbin isolated power transformer is to be tested in accordance with (d) of the
Exception to 18.2.3, the test specified in 41.2 — 41.4 shall be conducted without breakdown of insulation.

41.2 The primary winding of the 2-flange bobbin transformer is to be subjected to an alternating potential
of twice the rated voltage with the ends of all other windings opened. The potential is to be applied for
7200 cycles or for 60 s. An essentially sinusoidal source is to be used, and the frequency of the source
may be in the range of 120 — 1000 Hz if necessary to reduce the likelihood of saturation of the transformer

core.

41.3 Primar

- and secondary-circuit wiring connected to the transformer is to be disconnected for this

test.

414 Thete
up gradually t
be reduced sl

42 Testing

42.1 If requi
the test descr]

42.2 The ing
cylindrical brg
mm) radius. T
to provide go
test potential

43 StrainR

43.1
direct pull of
strain relief is
the cord as to

43.2 A 35-b
relief means

5t voltage required in 41.2 is to be initiated at one-fourth or less of the ‘full"vald
D the full value in not more than 15 s. After being held for the time specified, th
pwly, but within 5 s, to one-fourth of the maximum value or less, and‘the circuit

bn Transformer Insulating Materials

red by note (c) or (g) of Table 18.1, the transformerdnsulating material shall b
bed in 42.2.

ulating material is to be placed between two, opposing electrodes. The electr:
ss or stainless steel rods 1/4 inch (6.4 mm)\h diameter with edges rounded tg
he upper movable electrode is to weigh'50 +2 g to exert sufficient pressure or
bd electrical contact. The test potentiabis to be increased to the test value and
s to be maintained for 1 s. The result is acceptable if there is no dielectric brea

blief Test

The striain relief means provided on a flexible cord shall withstand for 1 min without ¢

B5 Ibs (156 N) applied to the cord, with the connections within the unit disc

indicate thatsstress on the connections would have resulted.

(16-kg). weight is to be suspended from the cord and supported by the unit so
vill besstressed from any angle the construction of the unit permits.

e and brought
e voltage is to
opened.

e subjected to

bdes are to be
a1/32in (0.8
the specimen
the maximum
kdown.

isplacement a
bnnected. The

not acceptablerif,-at the point of disconnection of the conductors, there is suclh movement of

that the strain-

43.3 A wiringTead intended for field connection (see 12.1.2.7T and 63.4) shall withstand without damage
or displacement a direct pull of:

a) 20 Ibs (89 N) for 1 min applied to a lead extending from the enclosure (such as through a
knockout); and

b) 10 Ibs (44.5 N) for 1 min applied to a lead within a wiring compartment.

44 Overload Test

441

Unless known to be acceptable for the application, a switch or other device in a secondary circuit

shall perform acceptably when subjected to an overload test consisting of 50 cycles of operation making
and breaking 150% of the rated secondary current. There shall be no electrical or mechanical breakdown
of the device, undue burning or pitting of the contacts, or opening of the fuse in the grounding connections.
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44.2 In a test to determine whether a switch or other control device complies with the requirements in
44.1, the unit is to be connected to a supply circuit of rated frequency and maximum test voltage — see
Table 32.1. During the test, exposed dead metal parts of the unit are to be connected to the polarity
opposite to that of the switching device through a 3-A fuse. The device is to be operated for 50 cycles at a
rate of not more than 10 cycles per minute, except that a faster rate may be employed with the
concurrence of those concerned.

45 Overcurrent Protection Calibration Test

451 A fuse, or a non-adjustable manual reset circuit protective device, provided in the primary of a
transformer for protection of the secondary circuit in accordance with 14.8 shall operate to open the circuit
in not more than the time indicated in Table 45.1 when the transformer is delivering the specified
secondary curfent.

452 To detgrmine if a fuse or circuit protective device complies with the requitemenf in 45.1, the
transformer is| to deliver the test current to a resistance load. During the 2-min-test, the|load is to be
adjusted contjnuously to maintain the required test current. During the 60-min-test, the [load is to be
adjusted oncelafter 15 min of operation and the test is to be continued without further adjustnpent.

45.3 If the fuse or circuit protective device is used to protect more than one secondary wihding or taps,
each winding ppr partial winding is to be tested as indicated in 45A4./0r 45.2 with the remaiphing windings
delivering ratef load.

Table 45.1
Maximum acceptable time to open

Maximum time for gvercurrent
Rated secndary potential, V Secondary test current, A protective device tgd open, min
20 or less 10 2
20 or less 6.75 60
Over 20 200/V max 2
Over 20 135/V max 60

46 Ground-Fault Circuit-Interrupter Evaluation Test For Power Units

46.1 The ground-faul¥’ circuit-interrupter protection circuit of a power unit shall remain flosed with a
leakage current of 4*'mA and shall open with a leakage current of 6 mA when tested in acgordance with
46.2.

46.2 To determine if an unit complies with 46.1, the unit is to be connected to its rated source of supply
and a variable resistor is to be connected between the ungrounded pole of the line voltage branch circuit
output and the output circuit grounding connection. The resistor is to be adjusted to obtain the maximum
value of leakage current possible without causing the ground-fault circuit-interrupter circuit to trip, and to
obtain the minimum value of leakage current required to cause the ground-fault circuit-interrupter to trip.

47 Battery Charger Overcharge Test

47.1 When connected to a supply circuit adjusted to 106% of the test voltage specified in 32.1, a battery
supply of a unit is to be subjected to 7 h of overcharging using a fully charged battery. Any user adjustable
controls associated with the charger or charging circuit are to be adjusted for the most severe charging
rate.
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Exception No. 1: This requirement does not apply to a unit to be used with a battery supply that is not
investigated with the unit.

Exception No. 2: This requirement does not apply to a unit provided with a requlating circuit preventing an
increase in battery charging current when the ac input voltage is increased from rated value to 106% of

rated value.

47.2 The most severe charging rate referred to in 48.1 is the maximum charging rate that does not cause
a thermal or overcurrent protective device to open.

48 Abnormal Operation Test

481 General

4811 Awun
persons wher
samples may

48.1.2 Follo

Exception: If
sample, and

t shall not emit flame or molten metal or become a risk of fire, electric sho
subjected to the tests described in 48.1.3 — 48.9.3, 48.11.1 and 49.1.1 — 49

N
L

k, or injury to
.3.1. Separate

be used for conducting these tests.
ving each test, a dielectric voltage withstand test as specified in 40.1(a)isto b

agreeable to all involved, more than one abnormal)test may be conducte
he dielectric voltage withstand test may be conducted after completion of all

b conducted.

d on a single
the abnormal

tests.

48.1.3 The
specific-valug

Iinit is to be at room temperature at the start of the output-short-circuit, switch-position, and
-overload tests.

48.1.3.1 Arisk of fire, electric shock, or injury-o persons is considered to exist if:

a) Flame, burning oil, or molten.metal is emitted from the enclosure of the unit as| evidenced by

ignitio, glowing, or charring of(the ‘cheesecloth or tissue paper,

b) The insulation breaks down when tested in accordance with 48.1.2, or

c) Livg¢ parts are made accessible (see Protection of Users — Accessibility of Urfinsulated Live

Parts, [Film-Coated-Wire, and Moving Parts, Section 9).

48.1.3.2 Dufing these tests the unit is to be placed on a softwood surface covered with |a white tissue
paper and a gingle layer of cheesecloth is to be draped loosely over the entire enclosure. The cheesecloth
is to be untreated’cotton cloth 36 in (910 mm) wide. running 14 — 15 yds/Ib (28 — 30 m/kg). and having, for
any square inch, a count of 32 threads in one direction and 28 in the other direction (for any square
centimeter, 13 threads in one direction and 11 in the other direction).

Exception: Units not having any bottom openings need not be placed on a softwood surface covered with
tissue paper.

48.1.3.3 The supply circuit is to have branch circuit overcurrent protection, the size of which equals
125% of the input current rating (20 A 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 test
voltage is to be adjusted to the value specified in 32.1.

Exception: If a marking on the product indicates the use of branch circuit protection exceeding 125% of the
input current, such protection shall be used.
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48.1.3.4 The enclosure of the unit is to be connected directly to ground.

48.1.3.5 Each testis to be continued until further change as a result of the test condition is not likely. If an
automatically reset protector functions during a test, the test is to be continued for 7 h. If 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, but not at a faster rate than 10 cycles of operation per minute. The

following are considered as an acceptable termination of the test:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid state
devices, printed wiring board traces, or the like.

b) Ope

ning of the intended branch circuit overcurrent protection device.

c) Ope

Exception No.
Molded-Case

operated for 3
per minute.

Exception No
operated fewe

48.1.4 The g

under the condlitions described in 38.3.2 and 38.3.3.

Exception: A
conditions des

48.1.5 Each
than one test |

Exception: Fo
following orde

4816 Ama
the output cirg
output-short-c

ning of an internal fuse.

1: If the manually reset protector is a circuit breaker that complies with the
Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures, UL
cycles using the minimum resetting time but not at a rate faster than 10 cycle

2: A manual reset protector that becomes inoperative in the open cond
I than 10 cycles, but not less than 3 cycles.

utput short-circuit and specific-value-overload tests are to be conducted on t

Lnit that employs integral fuses need ot be subjected to the short-circuit {
cribed in 38.3.2 and 38.3.3.

test is to be conducted on a _separate sample unless the manufacturer requs
e conducted on the same.sanmple.

' the overload tests,none sample may be used provided it is subjected to th
- 200% of rated current, followed by short-circuit current.

nually or automatically reset protector or other overload protective device in a |
uit within€2-min after initiation of the test, and within 30 s for subsequent cyc
rcuit, switch-position, and specific-value-overload tests.

Standard for
189, it is to be
s of operation

lition may be

he bench and

est under the

sts that more

e tests in the

nit shall open
es during the

Exception No.

1s_The time required to open the output circuit may exceed the time specifiedl provided the

maximum temperatures attained do not exceed the limits specified in Table 39.1 for flush-wall mounted
units, or 20°C (36°F) more than that specified in Table 39.1 for fixed or stationary stand-alone type units
surfaces, and 20°C (36°F) more than that specified in Table 38.1 for components and materials.

Exception No. 2: The switch-position test may be waived if with the transfer switch in the battery position,
the unit will not operate when connected as described for the input test — see Section 34, Power Input Test
— and no risk of fire or electric shock is found to exist.

Exception No. 3: The time required to open the output circuit during the specific-value-overload test may
exceed the time specified provided the unit does not emit flame or molten metal or become a risk of fire or
electric shock while operating under the test condition described in 48.8.1 for 15 days.
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48.2 Output short-circuit

48.2.1 The external output connections of a unit are to be short-circuited and the unit is to be connected
to a source of supply adjusted to the test voltage specified in Table 32.1. The source of supply may be
protected by a time-delay branch-circuit overcurrent-protective device rated not less than 20 A. During the
test, the enclosure is to be connected directly to earth ground. A protective device such as an accessible
fuse or circuit breaker provided as part of the unit is to remain in the circuit, and the largest fuse the
fuseholder will accept is to be installed.

48.2.2 For the test described in 48.2.1, fuses or circuit breakers provided for individual low-voltage
branch-circuit protection may remain in the circuit. If a fuseholder is provided, a fuse rated not less than 30
A is to be installed in the fuseholder. The short circuit may be applied across one individual low-voltage

circuit, which,
length of 4 ft (

48.2.3 The
connected to
supply may 4
rated inverter
earth ground.
is to remain

inverter circu
software shal

48.2.4 Fort

1.22 m) that is, having positive and negative leads each 2 ft (610 mm) long.

a source of supply adjusted to the inverter rated nominal inputide’ voltage.
e protected by a time-delay overcurrent-protective device rated no less tha
input current at full rated load. During the test, the enclosure’is to be conne
A protective device such as an accessible fuse or circuit breaker provided as
n the circuit, and the largest fuse the fuse holder will’ accept is to be insta
t employs a microprocessor to shut down a unit~due to an overload, that
be disabled for this test.

ne test described in 48.2.1 and 48.2.3, if acteptable results are based on the

for the purpose of this test, may employ output leads as described in 13.7.3

having a total

external output connections of an inverter are to be short-circuitédyand the unit is to be

The source of
h 150% of the
cted directly to
part of the unit
led. When an
portion of the

opening of an

overcurrent-p
the tests.

Fotective device, the overtemperature protective device shall be operable at the conclusion of

48.2.5 Powgr-inverters with three-phase AC outputs shall be subjected to three differe
tests. The tests shall consist of a Line to Neutral test, a Line to Line test, and a Line to Line tq

ht short-circuit
Line test.
48.3 Switch position

48.3.1 Aun
operated as d

t provided with a‘manual battery-to-unit transfer switch and a battery-charging|circuit is to be

escribed in the'input test except with the transfer switch in the battery position.
48.4 Component malfunction

48.4.1 Individuah€lectronic components of a unit are to be, in turn, open-circuited and short-circuited.

48.4.2 The tests specified in 48.4.1 are to be conducted separately. Short circuits are to be applied
between only two terminals of a multiterminal device at one time. The abnormal condition is to be
introduced while the unit is operating under intended conditions. This may be accomplished by jumper
leads and remote switches with consideration given to the effect these devices may have on the test.

48.5 Rectifier and capacitor short-circuit test

48.5.1 If a rectifier and an electrolytic capacitor are connected across a primary supply circuit in series
with a resistance of less than 300 Q, a risk of fire or electric shock shall not result with the capacitor or the
rectifier being short-circuited.

Exception: If analysis of the test results and circuit indicates that the result obtained is the only one likely to
occur, the test need be conducted only once.
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48.5.2 The supply circuit of a power unit is to be protected by a branch-circuit overcurrent-protective

device in accordance with 49.3.2.
48.6 Vibration test

48.6.1 After the unit is subjected to the vibration test described in 48.6.2:
a) The unit shall comply with the requirement in 48.1.1,
b) There shall be no loosening of parts, and

¢) The unit shall operate normally.

48.6.2 The vjbration test shall consist of vibration for 1 h at a frequency of 12.5 cyclesper
displacement of 1/4 inch (6.4 mm) in a vertical plane. The unit is to be mounted as intended
with the manufacturer's instruction manual during the test.

48.7 Surge protectors

48.7.1 A unif provided with a surge-protection device in the secondary, circuit is to be su
surge test despribed in 48.7.2.

48.7.2 A 1-yF capacitor is to be charged to 500 F. The capacitor is to be discharged di
secondary output network with the transformer secondary leads disconnected. The surge is t
for a total of $0 times at 30 s intervals. After the surgesythe unit shall operate normally
Proper polarities are to be maintained in conducting this<{est.

48.8 Specific value overload

48.8.1 A unitis to be operated using a load-adjusted to 200% of the rated output current. T
continued until the overload-protective-device opens — see 48.1.6. If an automatically res
provided, the fest is to be continued for15 days, or for 24 h if the protector has been evaly
cycles at 200f6 of the measuredtcurrent at the alternating or direct voltage value. A n
protector is to pe operated for 50°¢ycles of operation, with the protective device being reset 3
possible. The protector shall be operative upon completion of the test.

48.8.2 With eferencelothe requirementin 48.8.1:

a) If the¢ ultimate trip current mentioned in 38.4.2 is greater than 200% of the rated @

second with a
n accordance

bjected to the

rectly into the
D be repeated
at rated load.

e testis to be
bt protector is
ated for 6000
anually reset
s rapidly as is

utput current,

the loafl'is 10 be increased in increments of 100% of the rated output current.

Exception: If the next increment of rated output current is not obtainable, the maximum current

value obtainable is to be used.

b) If the maximum load current obtainable is less than 200%, the maximum value obtainable is to

be used.

c) If the increased load results in the opening of a fuse, the test is to be conducted

with the load

adjusted such that the circuit current is equal to the ampere rating of the fuse. The unit is to be

operated continuously until ultimate conditions are observed.
48.9 Blanketing test

48.9.1 A unit that incorporates standoffs is to be subjected to a blanketing test. A double la

yer of blanket

— see 48.9.3 — is to be loosely draped over the top and drawn in as close as possible against all sides of
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the unit. The blanket may fall or sag between any standoffs that are provided on the unit. The test is to be
continued until the overload protective device opens — see 21.2.1. If an automatically reset protector is
provided, the test is to be continued for 15 days. A manually reset protector is to be operated for 50 cycles
of operation, with the protective device being reset as rapidly as possible. The protector shall be operative
upon completion of the test.

Exception: The test may be conducted for 1 cycle if protection is provided by a fuse that is not accessible
without the use of a tool.

48.9.2 Accessible secondary-circuit overcurrent-protective devices shall be shunted during the test, if

they would open the circuit prior to opening of an internal protective device.

48.9.3 With
flannelette weg

48.10 Fland

48.10.1
also see 18.]
conditions de

a) Shg

b) Loa
of the
25,20

c) Loa

Exception: A
secondary cir

48.10.2 Arri
glows or flam

48.10.3 Wh
the dielectric
is to be applig

reference to 48.9.1, the blanket is to be 100% unbleached plain weave
ighing 4.40 oz/yd? (148.4 g/m?).

ed bobbin transformer abnormal test

P.4 — shall operate for 15 days with the secondary winding or windings
Ecribed in (@) — (¢)- A risk of fire or electric shock shall net result from:

rt-circuiting the secondary winding;

ding the secondary winding to a current equalte_.the maximum normal current
difference between the short-circuit current@and the rated current — where X
15, 10 and 5, respectively; and

Hing the secondary winding to the maximum normal current.

flanged bobbin transformer.yséd in a circuit where isolation is not requireq
Cuit does not extend out of the unit — see 18.1.1 — need not be subjected to thig

5k of fire as described in 48.10.1 is considered to exist if the cheesecloth o
bs or the protective~device, if provided, opens.

e still in a heated condition from the test described in 48.10.1, a transformer s
voltage withstand test described in 40.1(a)(1). The dielectric voltage withstan
d to the\transformer approximately 1 min after completion of the test described

48.10.4 The

happed cotton

A flanged bobbin transformer required to be tested as provided in\(c)of the Exceplion to 18.2.3 —

loaded to the

plus X percent
equals 75, 50,

or where the
test.

r tissue paper
shall withstand

| test potential
in48.10.1.

abnormal tests may be conducted with a protective device built into the trang

former or with

an external protective device connected in either the primary or secondary circuit, or both. A protective
device that is relied upon to open the circuit as a result of an abnormal test is to be one that has been
investigated and found to be acceptable for the purpose.

48.10.5 For the purpose of these requirements, each secondary winding tap other than a center tap and
each primary winding tap designed to supply power to a load are considered to be the equivalent of a
secondary winding.

48.10.6 For the sequence of tests described in 48.10.1, if an abnormal operation test continues for 15
days without a winding or a protective device opening, the remaining tests need not be conducted. For
example, if the test described in 48.10.1(a) continues for 15 days, the tests described in (b) and (c) need
not be conducted.
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48.10.7 To determine whether a transformer complies with the requirement in 48.10.1, one sample is to
be subjected to each condition described in 48.10.1 (a) — (c). For a transformer that employs more than
one secondary winding, each of the secondary windings is to be loaded for each condition specified in
48.10.1 with the other windings loaded to rated current. The test conditions are to be as described in
48.10.8 —48.10.13.

48.10.8 To determine the short-circuit current value for conducting the tests described in 48.10.1(b), the
transformer is to be at room temperature at the beginning of the measurement, and the short-circuit
current is to be measured approximately 1 min after the voltage is applied to the primary winding. A
protective device outside the transformer is to be short-circuited during the measurement of the short-
circuit current. If the line fuse or transformer winding opens within 1 min after the application of the primary
voltage, the short-circuit current is considered to be that value recorded just before the line fuse or winding

opens. The s

48.10.9 For
The tests desq
or a protective
resistance loa
1 min after vol

Exception: Fo
connected to {

48.10.10 If 8
then the next
load resistor r

48.10.11 For
being tested i
discontinued i
This procedur
circuit to hold
manual reset t

48.10.12 If 4
abnormal ope
samples is to
winding openg

e
tlduced to zero impedance at the end of the 15 days.

[0)

he loading conditions, a variable resistor is to be connected acrossdthesecor]
ribed in 48.10.1(a) — (c) are to be continued for 15 days unless aywinding of th
device opens in a shorter time. In conducting the tests described’in 48.10.1(b
1 is to be adjusted to the required value as quickly as possible)and readjusted
age is applied to the primary winding.

 a switch-mode transformer, the load is to be conngcted to the output of the
he transformer.

hort-circuiting the secondary winding causes one of the windings to open bg
st in the sequence described in 48.10.1(b) that continues for 15 days is to h

a transformer that is provided.with a protective device built into the transfon
conjunction with an externalprotective device, a test described in 48.10.1 (a
the protective device opens’the circuit and the next test in the sequence is
b is to be continued until\a@’condition specified in 48.10.1 (a) — (c) is reached t
for 15 days. The protective device mentioned above includes automatic r
ype, or a replaceable type.

ration tests~while the samples are unattended, the variable resistor load

, so.that the samples may be subjected to the dielectric voltage withstand tes

Hary windings

dary winding.
e transformer
), the variable

if necessary,

power supply

fore 15 days,
hve a variable

mer or that is
—(c) is to be
to be started.
nat allows the
bcycling type,

protective «device opens the circuit or a winding on any sample opens during the 15-day

on the other

be increased, by reducing the resistance, until the protective device opens the circuit or the

t described in

48.10.3 while

n‘a’heated condition. The next test in the sequence is to be in accordance wi

h 40.1(b) and

(c).

48.10.13 Samples for the 15-day abnormal operation tests described in 48.10.1 are to be prepared as

follows:

a) The transformer is to be mounted either in the unit enclosure as intended or on a test bench with
a double layer of cheesecloth draped over the transformer.

b) All secondary windings are to be loaded to rated current before the abnormal condition is
introduced; and the loads, other than that connected to the winding to be overloaded, are not to be
readjusted thereafter.
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48.11 Blocked fan

48.11.1 A unit having a fan motor shall be operated for 7 h with the rotor of the fan motor stalled from
rotating.

49 Evaluation of Reduced Spacings on Printed Wiring Boards

49.1 General

49.1.1 In accordance with Exception No. 4 to 29.1.1, printed wiring board traces of different potential

having reduced spacings may be investigated by conducting a dielectric voltage-withstand test as

described in
described in
environment.

49.2 Dielec

49.21 A pri
application of
accordance w

49.2.2 Powg
reduced spac]
than the comy

49.3 Shorted trace test

49.3.1 Print
and the test i
protection ass
printed wiring
test is to be rg

Exception: Of
and the test n

49.3.2 Durin

the size of which, equals 125% of the input current rating (20 A minimum), except where t

4

not corresporjd\with the standard rating of a fuse or circuit breaker, the next higher standar

4921 and 4922 for a protected environment, see 81 — 85 _or a shorted

19.3.1 and 49.3.2 for a unit investigated for either a_protegd environmen

ric voltage-withstand test

hted wiring board as mentioned in 49.1.1 shall withstand for\min without &
a dielectric withstand potential applied between the traces having reducsd
ith 40.1 and 40.2.

r-dissipating parts, electronic devices, and capacitors connected between

onent parts, are subjected to the full dielectric voltage-withstand test potential

bd wiring board traces mentionediin 49.1.1 are to be short-circuited, one locz
5 to be conducted as described in 49.2.1 and 49.2.2. As a result of this test, {
ociated with the branch circuit to which the unit is connected shall not open, 3
board trace shall not open. If the circuit is interrupted by the opening of a ¢
peated twice using new.components as necessary.

bening of an internal overcurrent protective device is an acceptable terminat
ped not be repeated.

g the Shorted Trace Test the supply circuit is to have branch circuit overcurr,

| trace test as
[ or a general

reakdown the
d spacings in

traces having

ngs are to be removed or disconnected in a manner that the spacings and insulations, rather

tion at a time,
he overcurrent
nd a wire or a
bmponent, the

on of the test,

ent protection,
his value does

i device rating

shall be used.
50 Burnout Test

50.1 General

50.1.1 A unit shall not emit flame or molten metal or become a risk of fire or electric shock while
operating as in the temperature test except under the conditions described in 50.2.1. With reference to
50.3.1, the burnout test of the transformer shall be followed by a dielectric voltage-withstand test, as
required by 40.1(a). During each test all dead metal parts of the enclosure of the unit are to be connected
directly to ground, and:

a) The unit is to rest on a soft-pine surface covered with white tissue paper; and

b) A double layer of cheesecloth is to be draped over the unit.
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Exception: A nonmetallic enclosure with exposed dead metal parts that are not likely to become energized
need not be grounded.

50.2 Relay and solenoid burnout

50.2.1

An electromagnetic relay or solenoid constructed as described in 7.19 is to be tested by blocking

the armature or the plunger in the de-energized position. The unit is then to be connected to its rated
source of supply and operated until burnout of the coil occurs or temperatures become constant. During
the test, the unit enclosure is to be connected directly to ground.

50.3 Transformer burnout

50.3.1 Ares

stive load that will cause the input to draw three times the current obtained

operation — s¢e 34.1 — is to be connected directly to the transformer secondary winding

connected to
center-tapped
the greatest p

100% of the maximum test voltage specified in Table 32.1. For a transfor
secondary, a single load shall be connected across the secondarytwinding
ptential. During this test all dead metal parts of the enclosure of the.unit are to

directly to grolind, the unit is to rest on a soft-pine surface covered with white tissue paper,

layer of chees
a) Unti
b) For

c) For§

Exception: A n

bcloth is to be draped over the unit. The transformer is to be operated continuo
ultimate conditions are observed;
[ h if cycling of an automatically reset protector ogcurs; or

0 cycles of resetting a manually reset protector:

onmetallic enclosure with exposed dead.metal parts that are not likely to beco

need not be grounded.

50.3.2 Aferr|
will draw the
transformer
voltage specifi

50.3.2.1 A s
transformer is
shutdown dug
This condition

50.3.3 For th

)

bresonant transformer is to be tested as described in 50.3.1, except that a resi
aximum power input — see Section 34, Power Input Test — is to be connected

ed in Table 32.1.

witch mode transformer is to be tested as described in 50.3.1 except the
to be connected to a resistive load that will draw maximum current wi
to operation: of circuitry or overcurrent protective devices provided as part o
is to belheld to the position immediately before foldback.

during normal
with the unit
mer having a
that results in
be connected
and a double
usly:

ime energized

stive load that
directly to the

condary winding, with the ‘converter or inverter connected to 106% of the maximum test

output of the
hout causing
f the product.

e\test required by 50.3.1, primary overcurrent protective devices, and secon

jary manually

or automatical

to remain in the circuit.

y reset protectors integral with the transtormer and connected in the secondary Winding, are

50.3.4 An open switch or other open contact device used within an enclosure that has openings in the
bottom shall operate for 50 cycles with the secondary output short-circuited or carrying an equivalent
current. There shall be no emission of flame or molten metal.

51 Gasket Tests

51.1 The requirements in this section apply to a gasket that is required for protection against dust and

other contaminants entering an enclosure described in Section 8, Enclosures Used for Protected
Environments.
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51.2 Neoprene or rubber compounds and solid polyvinyl-chloride material, except foamed materials,
shall have physical properties as indicated in Table 51.1 before and after the conditioning indicated in
Table 51.2.

Table 51.1
Physical properties for gaskets
Neoprene or rubber compound Polyvinyl-chloride materials
Before After Before After
Physical property?® conditioning conditioning conditioning conditioning

Tensile set — maximum set when 1in 1/4in (6.4 mm) - Not specified Not specified
(25.4 mm) gauge-marks-are-stretched-to
2-1/2 in (63.5 mm), held for 2 min and
measured 2 mir} after release
Elongation — mihimum increase in 250% [3-1/2'in 65% of original 250% [3-1/2n 5% of original
distance betweg¢n 1 in gauge marks at (88.9 mm)] (88.9 mm)]
break
Tensile strengthl — minimum force at 850 psi 75% of original 1200 psi P0% of original
breaking point (5.86 MPa) (827 MPa)
2 To be determimed using the test methods and apparatus described in the Standard Test-Methods for Vulcanized Rubber and
Thermoplastic Blastomers-Tension, ASTM D412, except the method for tensile set isito be as specified in this table.

51.3 Foamed neoprene or rubber compounds shall not harden or otherwise deteriorate tq a degree that
affects their sgaling properties after conditioning as specified:in Table 51.2.

Table 51.2
Gasket conditioning
Maximum gasket
temperatpre?® Conditioning
°c (°F) Rubber or neoprene Thermoplastic
60 (140) Air oven aging,for 70 h at 100 +2°C (212 +3.6°F) | Air oven aging for 168 h at 87 +2{C (189 +3.6°F)
75 (167) Air oven aging for 168 h at 100 £2°C (212 +3.6°F) | Air oven aging for 240 h at 100 +2°C (212 +3.6°F)
80 (176) Air oven.aging for 168 h at 113 +2°C (235 +3.6°F)
90 (194) Airoven aging for 240 h at 121 +2°C (250 +3.6°F) | Air oven aging for 168 h at 121 +2°C (250 +3.6°F)
or 1440 hours at 97 +2°C (207 £4.6°F)
105 (221, Air oven aging for 168 h at 136 +2°C (277 +3.6°F)

@ Measured durirg theviormal temperature test.

51.4 A thermoplastic gasket shall not deform or melt, or otherwise deteriorate to a degree that will affect
its sealing properties after the conditioning indicated in Table 51.2.

51.5 Gaskets of materials other than those specified in 51.2 — 51.4 shall be non-absorptive and shall
provide equivalent resistance to property changes.

52 Atomized Water Test

52.1 The enclosure specified in Section 8, Enclosures Used for Protected Environment, is to be
subjected to a spray of atomized water by using a nozzle that produces a round pattern 3 — 4 inches (75 —
100 mm) in diameter, measured 12 in (305 mm) from the nozzle. The pressure is to be 30 psi (207 kPa).
The water is to be supplied by a suction feed with a siphon height of 4 — 8 in (100 — 250 mm). No less than

5 fluid ounces per linear foot (495 cc/m) of test length is to be applied at a rate of 3 gallons (11.4 L) per
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hour. The nozzle is to be held 12 — 15 in (305 — 380 mm) from the enclosure, and the spray of water is to
be directed at all areas of potential dust entry, such as seams, joints, bushings, connectors, and the like. A
conduit may be installed to equalize the internal and external pressures, but it is not to serve as a drain. No
sealing compound is to be used.

52.2 For this test, covers, except covers that are part of the protected environment enclosure, are to be
removed.

52.3 At the conclusion of the procedure specified in 52.1, the product is to be subjected to the dielectric
voltage withstand test specified in 40.1(a), and, if cord connected, to the Leakage Current Test in Section
33.

53 Label Adhesion Test

53.1 Unless known to be acceptable for the application, a pressure-sensitive label‘that is fequired to be

permanent shall be tested as described in 53.2.

hbel or a label
wing removal

53.2 After bging subjected to the conditions described in 53.3 — 53.6 a pressure-sensitive |

secured by ce
from each tes
each medium

ment or adhesive is considered to be of a permanent naturé if immediately follg
t medium, and after being exposed for 24 h to room temperature following
each sample demonstrates good adhesion and the edges are not curled, and:

removal from

a) The Jabel resists defacement or removal as demonstrated by scraping across the fest panel with
a flat mjetal blade 1/32-in (0.8-mm) thick, held at right*angles to the test panel.
b) The printing is legible and is not defaced by rubbing with thumb or finger pressure.
53.3 OVEN-AGING TEST - Three samples of\the label, applied to test surfaces as in|the intended
application, arg to be placed for 240 h in an oven maintained at the temperature specified in Table 53.1.
Table 53.1
Temperatures, oven-aging
Maximum temperature during normal temperature test of
surface to which-applied Oven temperature
°C (°F) °C (1F)
60 (140 or less) 87 (189)
80) (176 or less) 105 (221)
10 (212 or less) 121 (250)
125 (257 or less) 150 (302)
150 (302 or less) 180 (356)
Over 150 (Over 302) a
2 A label that is applied to a surface attaining a temperature greater than 150°C (302°F), during the normal temperature test, is to
be oven-aged at a temperature representative of the temperatures attained by the appliance during normal and abnormal
operation.

53.4 IMMERSION TEST — Three samples of the label, applied to test surfaces as in the intended
application, are to be placed for 24 h in a controlled atmosphere maintained at a temperature of 23 +2°C
(73 +4°F) at a relative humidity of 50 £5%. The samples are then to be immersed in water for 48 h at a
temperature of 21 £2°C (70 £4°F).
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53.5 STANDARD ATMOSPHERE TEST — Three samples of the label, applied to test surfaces as in the
intended application, are to be placed for 72 h in a controlled atmosphere maintained at a temperature of
23 £2°C (73 +4°F) at a relative humidity of 50 £5%.

53.6 UNUSUAL CONDITION EXPOSURE TEST - If the labels are exposed to unusual conditions in
service, such as oil, grease, cleaning solutions, or the like, three samples of the label applied to test
surfaces as in the intended application are to be placed for 24 h in a controlled atmosphere maintained at
a temperature of 23 +2°C (73 +4°F) at a relative humidity of 50 +5%. The samples are then to be
immersed for 48 h in a solution representative of service use maintained at the temperature the solution
would attain in service, but in no case less than 23 +2°C.

MANUFACTURING AND PRODUCTION TESTS

54 Dielectrl: Voltage-Withstand Test

54.1 Each dnit shall withstand without electrical breakdown, as a routine,production-line test, the
application off a potential at a frequency within the range of 40 — 70 Hz, between the primary wiring,
including conpected components, and accessible dead metal parts that are likely to become energized,
and between| primary wiring and accessible low-voltage (42.4 Vpeak or less) metal parts, including
terminals.

54.2 The prpduction-line test shall be in accordance with either.condition A or condition B gf Table 54.1.

54.2.1 A dcpotential of 1.414 times the rms value of the ac'potential specified in Table 54.]l may be used
instead of the|ac potential.

Table 54.1
Production-line test conditions
. . Condition A Condition B
Unit fating,
Mac Potential, V Time, s Potential, V Time, s
Less than 100 1000 60 1200 1
100} 130 1250 60 1500 1
131} 250 1500 60 1800 1
251} 350 2200 60 2700 1

54.3 The unjt may be in a heated or unheated condition for the test.

54.4 The test shall be conducted when the unit is complete — fully assembled. It is not intended that the
appliance be unwired, modified, or disassembled for the test.

Exception No. 1: Parts such as snap covers or friction-fit knobs that would interfere with performance of
the test need not be in place.

Exception No. 2: The test may be performed before final assembly if the test represents that for the
completed unit.

54.5 If a unit employs a solid-state component that is not relied upon to reduce a risk of electric shock
and that can be damaged by the dielectric potential, the test may be conducted before the component is
electrically connected provided that a random sampling of each day's production is tested at the potential
specified in Table 54.1. The circuitry may be rearranged for the purpose of the test to minimize the
likelihood of solid-state-component damage while retaining representative dielectric stress of the circuit.
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54.6 The test equipment shall include a transformer having an essentially sinusoidal adequate output, a
means of indicating the test potential, an audible or visual indicator of electrical breakdown, and either a
manually reset device to restore the equipment after electrical breakdown or an automatic reject feature of

any unacceptable unit.

54.7

voltmeter in the output circuit to directly indicate the test potential.

54.8
indicated:

a)Bya

n acceptable voltmeter in the primary circuit or in a tertiary-winding circuit,

If the output of the test equipment transformer is less than 500 VA, the equipment shall include a

If the output of the test equipment transformer is 500 VA or larger, the test potential may be

b) By & selector switch marked to indicate the test potential, or

c) In the case of equipment having a single test-potential output, by a markingin a

locatio
When marking
as an indicatq
breakdown.

549 Test eq

accomplish the intended factory control.

54.10 During
unit are to be

equipment terminal is to be connected to the accessible dead metal.

Exception No
excessive sec|
single-pole pri
to the test equ|

Exception No.
test potential

55 Groundinng Continuity Test

to indicate the test potential.

is used without an indicating voltmeter, the equipment shall inclde a positive
r lamp, to indicate that the manually reset switch has been reset followin

uipment, other than that described in 54.6 — 548 may be used if found

the test, the primary switch is to be in the en position, both sides of the primar
connected together and to one terminal of the test equipment, and the

1: A unit resistive, high-impedance winding, or the like having circuitry
bndary-voltage build-up in:case of electrical breakdown during the test may be
mary switch, if used, in the)off position, or with only one side of the primary cirg
foment when the primary switch is in the on position, or when a primary switch

2: The primary switch is not required to be in the on position if the testing meg
etween primary wiring and dead metal parts with the switch not in the on posit

55.1

Each unitithat has a power-supply cord having a grounding conductor shall be testeg

readily visible

means, such
g a dielectric

acceptable to

y circuit of the
second test-

not subject to

tested with a
uit connected
s not used.

ns applies full
on.

, as a routine

production-line test, to determine that electrical continuity exists between the grounding blade of the
attachment plug and accessible dead metal parts of the unit that are likely to become energized.

55.2 Only a single test need be conducted if the accessible metal selected is conductively connected by
design to all other accessible metal.

55.3 Any acceptable indicating device — an ohmmeter, a battery-and-buzzer combination, or the like —
may be used to determine whether an appliance complies with the grounding continuity requirement in
55.1.
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RATING
56 General

56.1 The input of a unit shall be rated in amperes or watts and volts, and in frequency expressed in one
of the following terms: hertz, Hz, cycles-per-second, cps, cycles/second, or c/s.

56.2 With reference to 56.1, for a unit having a single voltage rating, such as 115 V, rather than being
rated for a range of voltages, such as 110 — 115 V, maximum rated voltage is considered to be 120 V. For a
unit nominally rated 230 V, maximum rated voltage is considered to be 240 V. If the rating is given in terms

of a range of voltages, maximum rated voltage is considered to be 120 V or 240 V, minimum.

56.3 Theou

56.4 Ifaun
that the recey
rating of the u
MARKINGS
57 Details

57.1 Unless|
die-stamped,

on a pressurg-sensitive label secured by adhesive that,*upon investigation is found to cq
uirements for indoor use labels in the Standard for Marking and Labeling Syst¢ms, UL 969.

applicable reg

57.2 A mark
readily visible]

a cover is removed is acceptable only if the field wiring will not be disturbed by removing tf

the marking is

57.3 A requ
enclosed bas

panel from th¢ enclosure base.

58 Content

tput circuit of a unit shall be rated in amperes and volts.

t includes an attachment-plug receptacle intended as a general use outlet, t

nit.

otherwise stated, all markings are required tocbe - permanent, that is, either by
paint-stenciled; stamped or etched metal that is permanently secured; or ind

ing as required by 57.1 need net be located on the outside of an enclosure
by opening a door or removing a cover after installation. A marking that is no

visible at the time it is needed.

ired marking onga flush-mounted panel shall be visible with the panel m
b, except that required wiring and installation instructions may be visible upon

he added load

tacle may impose on the unit and its supply connections shall be.included in the electrical

being molded,
blibly stamped
mply with the

provided it is
visible unless
e cover and if

bunted on the
removal of the

58.1 A units

hallbe marked with:

a) The manufacturer's name, trade name, or trademark — hereinafter referred to as the
manufacturer's name;

b) A di
c) The
d) The

e) The

stinctive catalog number or the equivalent;
input voltage, frequency, and amperes or watts;
words "Provided with integral protection against overloads;"

output voltage and current in amperes; and

f) The date or other dating period of manufacture not exceeding any three consecutive months.

Exception No. 1: The manufacturer's identification may be in a traceable code if the unit is identified by a
brand or trademark owned by a private labeler.
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Exception No. 2: The date of manufacture may be abbreviated;, or may be in a nationally accepted
conventional code, or in a code affirmed by the manufacturer if the code:

a) Does not repeat in less than 20 years; and

b) Does not require reference to the production records of the manufacturer to determine when the

produc

58.2

a) The

t was manufactured.

words "battery positive," "converter positive," and "negative;"

Polarity identification shall be provided for output connections. The polarity is to be identified by:

b) The words "battery" and "converter" followed by the signs "+" for positive and "- " for negative;

c¢) Cold
and wh

d) The

58.3 With re
"negative" ma

58.4 Aunitg
output connec|

58.5 If ama
permanent, di
particular factg

58.6 If a unit
battery power,
58.7

power, the swi

58.8 A trans
to indicate the

58.9 A unite
shall be mark

r coding of red for battery positive, black for battery negative, blue for_conv
ite for negative; or

abbreviations "Pos" and "Neg" with the symbols "+" and "-.

ference to the requirements in 58.2, the words "battery,
be abbreviated "Batt.," "Conv.," "Pos." and "Neg.," respegtively.

converter,

lion — terminals, pigtail leads, plug and receptacle.combinations, and the like.

hufacturer produces or assembles a unit_atdnore than one factory, each uni
stinctive marking — which may be in code*<"by which it may be identified as th

ry.

incorporates an automatic means to change from direct-current unit power to
the automatic function shall be-described in the manufacturer's instructions.

If a trapsfer switch is provided to change from direct-current unit power to direct-¢

fch position shall be permanently marked as specified in paragraph 58.2.

er switch or relay provided with a terminal or lead for a battery connection sh
current andivoltage rating and the maximum size conductor that can be conne

pd \"WARNING — This unit employs components that tend to produce arcs o

prevent fire or

erter positive,

positive," and

hall be marked to indicate the branch-circuit protection provided for each secondary-circuit-

shall have a
e product of a

direct-current

urrent battery

all be marked
cted.

mploying devices such as switches, relays, or the like, that tend to produce arcs or sparks

r sparks — To

yplncinn, donotinstallin r‘nmpnrfmnnfe r‘nnfnining hatteries or flammable m4d

terials."

58.10 A cautionary warning, or danger marking shall be permanent and shall be located on a part that

requires a tool

58.11
normal operati

for removal.

on of the unit.

A cautionary marking to instruct the operator shall be visible and legible to the operator during

58.12 A cautionary marking shall be prefixed by the word "CAUTION," "WARNING," or "DANGER" in
letters not less than 1/8-in (3.2-mm) high. The remaining letters shall not be less than 1/16-in (1.6-mm)

high.

58.13 Each interchangeable fuse shall be marked to indicate the ampere and voltage rating and type of
the fuse to be used for replacement. The marking shall be located so that it is apparent as to which fuse
the marking applies.
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58.14 In addition to the marking required in 58.13, a marking shall be provided adjacent to the fuseholder
or fuseholders and shall consist of the word "CAUTION" and the following or the equivalent: "For
continued protection against risk of fire, or electric shock replace only with same type and ratings of fuse".

58.15 The current rating of a manually reset protector used for branch-circuit protection shall be
permanently and legibly marked either on or adjacent to the protector.

58.16 A unit shall be marked "CAUTION — To prevent fire, do not cover or obstruct ventilation openings.
Do not mount in zero-clearance compartment. Overheating may result." An equivalent wording may be
used for the statements following the word "CAUTION."

58.17 A unitincorporating an integral battery charger shall be clearly and permanently marked to specify
the rating of the battery charger and whether this rating is part of the total output rating.

58.18 A unit shall be marked to indicate the manufacturer and catalog or médel de
matching attaghment plug or receptacle provided for the low-voltage output connection.

signation of a

ent plug have

a receptacle provided for the low-voltage output connection and its attachrl
s¢ only — not for

been tested for current interruption, a unit shall be permanently marked “Fof disconnect u
current interryption," or with equivalent wording.

58.20 The ppsition of an operating handle or knob shall be permanently marked, if necess
for intended operation.

ary, as a guide

58.21 A unif provided with a marking in lieu of integral ground-fault circuit-interrupter protgction shall be

marked:

a) With the word "WARNING" and the follewing or the equivalent: "Risk of electric shock. Use only
(manufacturer's name), type (catalog-humber) ground-fault circuit-interrupter [receptacle(s) or
circuit preaker(s)]. Other types may:fail to operate properly when connected to this unit"; or

b) With the word "WARNING" and the following or the equivalent: "Risk of electric sihock. Use only
the grpund-fault circuit-intérrupter [receptacle(s) or circuit breaker(s)] specified in the installation
and operating instructions 'manual supplied with this unit. Other types may fail to ogerate properly
when ¢onnected to this unit."

58.22 Ungrqunded dead-metal parts specified in 9.3.3 shall be plainly marked with the wor
and the following or the’equivalent: "Risk of Electric Shock," (identify part or parts not earth ¢
not bonded ground, test before touching." The marking shall be provided on or a

d "WARNING"
jrounded) "are
jjacent to the

ungrounded ¢géad-metal parts, and shall be visible so that each part or group of part

5 is positively

identified.

58.23 A unit in compliance with the requirements for a Class CTL panelboard in the Standard for
Panelboards, UL 67, shall be marked "Distribution Panelboard" or the equivalent.

58.24 A unit with two or more branch circuit outputs that do not comply with either Part Il of this standard
or the applicable requirements for a Class CTL panelboard in the Standard for Panelboards, UL 67, shall
be marked with the word "WARNING" and the following or equivalent: "Unit requires use of a Distribution
Panelboard for proper connection."

58.25 A fixed power inverter/converter that exceeds the temperature limits specified in Table 38.1 — see
footnote (j) of Table 38.1 — shall be legibly marked where readily visible after installation with the work
"CAUTION" and the following or equivalent "Hot Surfaces — To Prevent Burns — Do Not Touch."
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58.26 For a product with a charging function intended for charging lithium batteries where the product
and the storage battery combination is not identified, the product shall be marked with the following or
equivalent statement: “CAUTION — To Reduce the Risk of Fire, Use only battery packs that include the
battery management system and all necessary protection for the battery pack integral to the pack.”

INSTRUCTIONS
59 Instruction Manual
59.1 The installation and operating instructions manual for a unit provided with a marking in lieu of

integral ground-fault circuit-interrupter protection shall indicate that ground-fault circuit-interrupters shall be
installed in the recreational vehicle wiring system to protect all branch circuits. In addition, if a marking as

specified in (b
also specify
protective dev

59.2 A statiol
38.1 — see foo
to be installed

59.3 The opegrating instructions for a unit intended to be connected\te the cigarette lighter o

rated greater
completed wit
— Risk of Fire
manufacturer.

can be determ
amperes. Info
vehicle fuse o
no account sh
the electrical g

59.4
statement indi
the time of ins

59.5 For con
shall state the
battery that is

If requited by Exception No.\1 or Exception No. 3 to 21.2.3, the instruction manual

) of the Exception to 24.1 is used, the installation and operation instructions
ne manufacturer and catalog number for each acceptable ground-faulf cirg
ce.

hary or fixed power inverter/converter that exceeds the temperaturelimits spej
tnote (j) of Table 38.1 — shall be provided with instructions specifying that: "The
so that it is not likely to be contacted by people" or equivalentwording.

than 100 VA input shall include the following or €quivalent wording. The bl
n the appropriate current and voltage ratings based on the adapter input rating
Do not replace any vehicle fuse with a rating” higher than recommended [

ined by making sure the fuse in the vehicle which protects the outlet is rated hi
mation on the vehicle fuse ratings.are typically found in the vehicle operator’
bens repeatedly, do not keep on(replacing it. The cause of the overload must
puld fuses be patched up withitin foil or wire as this may cause serious damagg
ircuit or cause fire."

cating that branch rated overcurrent protection for the ac output circuit is to k
allation.

verter/inverters that are intended to charge lithium based batteries, the instr
following or the equivalent: "The converter/inverter is intended to recharge
connected to this product is only suitable if it complies with the given batter

that battery ty

manual shall
uit-interrupter

cified in Table
power unit is

r power outlet
pnks shall be
s. "CAUTION
y the vehicle

This product is rated to draw __ amperes’from a ____ V vehicle outlet. Epsure that the
electrical syst¢m in your vehicle can supply this product-without causing the vehicle fusing

to open. This
gherthan
5 manual. If a
be found. On
elsewhere in

hall include a
e provided at

iction manual
batteries. The
standard for

pe-and is provided with a battery management system that will monitor_ai]

d control the

electrical and thermal health of the battery during charging. When installing this converter/inverter, the
battery is to be verified as in compliance with the applicable battery standard.”

PART Il - POWER-CONVERTER SYSTEMS

60 General

60.1
requirements i

n Sections 3 — 58.

The requirements in Sections 61 — 68 supplement and, in some cases, modify the general
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CONSTRUCTION

61 Framea

61.1

nd Enclosure

An overall enclosure shall employ materials throughout that are acceptable for the purpose and

shall be so constructed as to have the strength and rigidity necessary to resist the ordinary abuses to
which it may be subjected, including the tests specified in this standard so that:

a) It will retain its shape;

b) Doors will close tightly; and

parts and wi
Equipment,
requirements

61.4 With rg
field-wiring cg

61.5 Mating
such as a fly
mounted in o

61.6 A butjg
wiring compa

a) Ven

b) The

61.7 A component housing line-voltage circuit breakers shall be sufficiently deep to allow 4§

to be closed v

61.8 The th
and field-wirin

ion of an enclosure housing the line-voltage circuit breaker shall eompletely
ing and shall comply with the requirements in the Standard for Enclosures

Non-Environmental Considerations,
as specified in this standard.

UL 50, except for. modifications 3

ference to 61.3, a barrier shall be provided to separate a circuit-breaker con
mpartment from a ventilated portion of the enclosure. See 61.6.

parts of an enclosure of a power converter;system that incorporate a two-pi¢
sh wall-mounted converter system, shall>be polarized if the enclosure is i
ly one way.

int may be employed at a metal barrier used to separate the unit compartment
tment or circuit-breaker compartment provided that:

tilating openings are located at least 1 in (25.4 mm) away from the joint; and

barrier is located netimore than 1/32 in (0.8 mm) from walls and covers.

ith the handle of a circuit in any operating position.

ckness of sheet-metal enclosures for compartments other than line-voltage

andle.

enclose all live
for Electrical
nd additional

hpartment and

bce enclosure,
htended to be

from the field-

door or cover

circuit-breaker

g.connection compartments shall comply with the requirements in 7.3.

61.9 A door may employ a captive fastener that is designed to be closed by hand in lieu of a latch. Such
fasteners shall be located or used in multiple so as to hold the cover closed over its entire length.

62 Power-S

62.1

upply Assembly

A power-converter system shall be constructed and arranged to permit connection of the power-

supply assembly for the required current rating. If two or more 15-A or 20-A circuits are provided, the main

power-supply

assembly shall be rated 30 A.

62.2 A power-converter system shall be provided with:

a) Complete detailed installation instructions for the power-supply assembly, and
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b) The power-supply assembly strain-relief means either in position or loose in the wiring
compartment.

62.3 A connector base motor-attachment plug intended for connection to a cord set may be provided for
connection to the source of supply.

62.4 With reference to the requirement in 62.1, the power-supply assembly current rating shall be in
accordance with Table 62.1.

Table 62.1
Minimum current rating of power-supply assembly
| |
Number of IiLe-voItage Minimum current rating,of ;lower-supply
branch circuits Current rating of branch circuit breakers, A assembly,/A
1 152 16
1 202 20
2 One 15 and one 20 or two 20 30
3 One 15 and two 20 30

@ Ground-fault ci

cuit-interrupter protection is required. See 64.2.

62.5 The po
recreational ve

ver-supply cord shall comply with the requirements applicable to power-su
hicles.

bply cords for

63 Supply apd Output Connections

63.1 A supply- and remote-circuit wiring compartment shall be provided with pressure wir
wire-binding sgrews, or pigtail leads for the input supply and remote circuits. A grounding

provided for the connection of each grounding conductor. Field-wiring leads shall not
grounding.

e connectors,
bus shall be
be used for

63.2 Supply

63.3 A pigtai
the end of the

63.4 A pigtai

and remote circuits«shall be identified by color coding or marking.

lead employed-for a remote line-voltage circuit shall be provided with a wire
ead and taped, or the lead may be cut, folded over and taped. See 63.4.

leadsintended for field connection shall be provided with strain relief complyin

connector, on

g with 43.3 so

that stress on

he\ead will not be transmitted to terminals, splices, or interior wiring.

63.5 A compartment for supply connections shall be provided with acceptable connection means so that
the grounded circuit conductor will be insulated from the equipment-grounding conductors and from
equipment enclosures and other grounded parts.

63.6 A power-converter system shall incorporate a solderless pressure terminal connector acceptable
for a No. 8 bare copper grounding conductor for bonding the system to the frame of a recreational vehicle.

63.7 A wiring terminal shall secure the maximum and minimum number of conductors of a size having an
ampacity adequate for the application.

63.8 A wiring terminal shall be located so that it will be accessible for examination, and connections may
be tightened or branch-circuit wires removed without loosening any screws that secure bus bars, switches,
circuit breakers, fuseholders, or the like.
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63.9 When installed as intended, an equipment-grounding terminal or terminal assembly shall provide a
reliable bond to the frame or enclosure. The resistance of the connection between any installed
equipment-grounding conductor and the frame or enclosure shall not exceed 0.005 Q.

63.10 To determine whether a bonding connection complies with the requirement in 63.9, a current of 30
A is to be passed through the connection. The resulting drop in voltage is to be measured between a point
on the conductor 1/16 in (1.6 mm) from the connection and a similar point on the frame or enclosure not
less than 1/16 in from the bonding connection.

63.11 Except as indicated in 68.7 the equipment-grounding terminal or assembly shall be green or the
head of the terminal screw shall be green and it shall not be likely to be removed during the normal

servicing of the unit.

64 Overcur

64.1
The circuit bre

64.2 With rd
branch circuit
for a Class Al
serve to inter
following fault

a) The

b) An

64.3 With re
shall incorpor
all ungrounde

Exception: A

requirements
Breaker Encl
line-to-line cdg
circuits of a g

rent Protection

A power-converter system shall be provided with overcurrent protection asispecified

akers shall be rated 125 V minimum. See 7.8 and 7.9.

ference to 64.1, a power-converter system incorporating @enly one 15- or 20
shall employ ground-fault circuit-interrupter protection.in‘accordance with thg

fupt the supply circuit in the event of a ground fadlt, with or without any com
conditions present in the supply circuit:

ungrounded and grounded supply conductdrs transposed.

bpen grounded circuit conductor.

ference to 64.1, each circuit breaker shall be acceptable for branch-circuit
ate a manual off position properly identified. The circuit breaker shall be conr
d conductors of the circuit:;/A-multiple-pole circuit breaker shall be of the comm

combination of singlé-pole circuit breakers and handle ties that complies with
in the Standard/fer Molded-Case Circuit Breakers, Molded-Case Switche{
bsures, UL 489, may be used as the protection for each ungrounded condu
nnected loads.-of a power-converter system rated for connection to one o
ounded system:

a) Single-phase circuit, or

in Table 62.1.

A line voltage
requirements

device contained in the Standard for Ground-Fault-Circuit Interrupters, UL 943, which will

bination of the

pbrotection and
ected to open
on-trip type.

the applicable
5, and Circuit-
ctor supplying
f the following

......................

b) 3-w

64.4 There shall be no overcurrent-protective device in the permanently grounded wire of any circuit
unless opening of the overcurrent-protective device simultaneously opens all the conductors of that circuit.

64.5 An accessible means shall be provided so that each branch circuit can be independently de-
energized.

64.6 The input current rating of a power-converter system shall not exceed 50% of that of the branch
circuit to which it will be connected.
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65 Transfer Switch/Mechanisms

65.1 A transfer switch/mechanism provided to transfer from unit to line power shall disconnect both the
grounded and ungrounded circuit conductors.

65.2 With reference to the requirement in 65.1 the rating of a transfer switch/mechanism and associated
wiring shall be acceptable for the higher of the unit or line-supply ratings. See 68.6.

66 Spacings

66.1 An uninsulated live part shall be spaced at least 1 in (25.4 mm) from a door.

66.2 Spacings at line-voltage field-wiring terminals shall not be less than the values specified in Table
66.1.

Table 66.1
Minimum acceptable spacings
Minimum spacings between uninsulated live parts of opposite Minimum spacing through air or
polarity, in (mm) over surface between
Potential uninsulated lile parts and

involved Through air Over surface grounded de¢ad metal
\' in (mm) in (mm) in (mm)
0-150 1/2 (12.7) 3/4 (19.1) 1/2 (12.7)

NOTE — Applies|to the sum of the spacings involved where an isolated'dead part is interposed. See 66.3.

66.3 If an isdlated dead metal part is interposed between or is in close proximity:
a) To liye parts of opposite polarity;
b) To allive part and an exposed-dead metal part; or

c) To allive part and a dead'metal part that may be grounded,

the spacing miay be not less\than 3/64 in (1.2 mm) between the isolated dead metal part apd any one of
the other partg previously-mentioned, provided the total spacing between the isolated dead metal part and
the two other parts is\not less than the value specified in Table 66.1.

PERFORMANCE

67 Temperature Test

67.1 The temperature test shall be conducted as indicated in Section 38, Temperature Test, except as
indicated in 67.2 and 67.3.

67.2 Direct-current secondary-output circuits are to be loaded as specified in Section 34, Power Input
Test. Line-voltage alternating-current remote circuits including internal loads are to be loaded to 80% of
the circuit-breaker rating. Additional line-voltage circuits are to be resistance-loaded to an input current of
80% of the total input rating of the power-converter system.

67.3 The temperature rise on a bus, a connecting bar, and a factory-wired circuit-breaker terminal shall
not exceed 65°C (117°F). The temperature of associated wiring — for example, supply assembly, remote


https://ulnorm.com/api/?name=UL 458 2025.pdf

JANUARY 31, 2025

UL 458

73

circuit wiring, and the like — shall not exceed the rated temperature limit. All other temperature rises shall
comply with the maximum acceptable temperature rises specified in Table 38.1.

MARKINGS

68 Details

68.1

A power-converter system shall be marked with the manufacturer's name, trademark, or other

descriptive marking by which the organization responsible for the product may be identified, a distinctive
catalog number or the equivalent, and the voltage rating and total current rating.

68.2 A pow

er-converter system shall be marked to specify the rating of the factory-wi

ed equipment

provided on €
on the enclos

68.3 With rg
circuits, a pov
remote circuif]

ach individual line-voltage branch circuit — for example, a convenience recep
ire of a power-converter system, and the like.

er-converter system shall be marked, adjacent to the pressure terminals: "Fo
5," or the equivalent.

tacle mounted

ference to the requirement in 68.2, if pressure terminals are providéd for additional remote

connection of

68.4 A powgr-converter system shall be marked "Suitable for direct connection to anppere, 125 volt

recreational V|

68.5 If a trg
system shall t

68.6
shall specify t

68.7 The co
or assembly
adjacent to th

If a combination line-generator system is provided, marking adjacent to the means

chicle power-supply assembly.”

nsfer mechanism is employed to switch from ‘generator to line-power, a pq
e marked to specify the action required to switch the power unless the system

he maximum generator rating. See 65:2.

or identification required by 63.1 need not be provided if the equipment-grou
is identified by the marking "Equipment-Grounding Terminal" or a suitabl
e terminal on a wiring diagram.

wer-converter
is automatic.

for connection

nding terminal
b abbreviation



https://ulnorm.com/api/?name=UL 458 2025.pdf

74

UL 458

JANUARY 31, 2025

No Text on This Page



https://ulnorm.com/api/?name=UL 458 2025.pdf

JANUARY 31, 2025

UL 458

75

SUPPLEMENT SA - MARINE POWER CONVERTERS/INVERTERS AND POWER CONVERTER/
INVERTER SYSTEMS

INTRODUCTION

SA1 Scope

SA1.1

These requirements cover marine power units intended for permanent installation aboard vessels

as covered by the Fire Protection Standard for Pleasure and Commercial Motor Craft, NFPA 302, the
applicable publications of the American Boat and Yacht Council Inc., and Electrical Engineering
Regulations Subchapter J (46 CFR, Parts 110-113) of the United States Coast Guard (USCG).

SA1.2 Thes

circuits for chg

SA1.3 Char
attention, sha

SA1.4 Thes

rging batteries.
| not be employed.

b requirements supplement the applicable requirements in Seetions 1 — 58, inc

SA2 Glossary

SA2.1 FULL
output curren
for input volta

SA2.2 IGNI]
a mixture of
device may n
device may

Pleasure and
Standards, arf

Y AUTOMATIC BATTERY CHARGING CIRCUIT < A battery charging circu
is proportional to the state of battery charge and'system load with automatic
pe variations.

[ION-PROTECTED DEVICE OR COMPONENT — A device or component tha
propane and air surrounding it under*normal operating conditions. An ign
ot be explosion proof, as the term\is applied to commercial vessels. An ign
nave exposed input and output’wiring, as specified in the Fire Protection
Commercial Motor Craft, NEPA 302, the applicable American Boat and
d the USCG Regulations for.uhinspected vessels.

eHully automatic

jing circuits in which the charging output current is manually controlled; requiring constant

lusive (Part I).

t in which the
compensation

t will not ignite
ition-protected
ition-protected
Standard for
Yacht Council

ch the output
tage manually

SA2.3 SEM|AUTOMATIC BATTERY CHARGING CIRCUIT — A charging circuit in wh
current is prqgportional to the state of battery charge and system load with the input vol
adjusted.

CONSTRUCTION

SA3 General

SA3.1 A marine unit shall employ mounting means such that it will be held securely in

subjected to vibration, shock, pitching, yawing and rolling.

position when

SA3.2 The battery charging circuit of a marine unit shall be provided with an ammeter or other similar
means for indicating the output current. A battery charger incorporating means of manual input voltage
adjustment shall also employ an input voltmeter. Voltage and current indicators employed that are other
than an ammeter or a voltmeter shall not increase the risk of fire, electric shock, or injury to persons.

SA3.3 With reference to SA3.2, a meter may be located in an area remote from the marine unit provided:

a) The

meter shunt is located within the marine unit enclosure.

b) Overcurrent protection for external meter leads is provided within the marine unit enclosure.
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SA4 Frame and Enclosure

SA4.1 Gene

SA4.1.1
with mounting

SA4.1.2 Key

ral

holes of the same nominal size as the mounting screws.

hole slots shall not be used for mounting a marine unit.

A marine unit intended to be mounted on a bulkhead or other vertical surface shall be provided

Exception: Keyhole slots for mounting may be provided if there are at least two round holes sized to
accommodate permanent mounting screws or the keyhole slots are arranged so that complete removal of
at least two mounting screws is needed in order to remove the unit.

SA4.1.3 The
shall comply W
Section SA16
Section SA17,

SA4.2 Encld

SA4.2.1 The

enclosure of a marine unit intended to be installed in an open cockpit or on.-3g
ith the requirements in Sections SA4, General, Section SA5, Protection Agai
Leakage Current, Insulation Resistance, and Dielectric Voltage Withstand (R
Salt Spray Corrosion Test.

sures for open cockpit or weatherdeck mounting

enclosure of a marine unit for open cockpit or weatherdeck mounting shall b

so as to exclude a beating rain.

SA4.2.2 The
open cockpit g

requirements in SA4.2.3 — SA4.2.6 apply to marine units that are intended f
r weatherdeck mounting installation.

SA4.2.3 When subjected to the rain test described in Section SA17, Salt-Spray Corro

enclosure sha

| prevent rain from entering the enclosure.

SA4.2.4 A gasket employed in a marine unitfer open cockpit or weatherdeck mounting sha

specified in Sg

SA4.25 Am
for mounting.

Exception: An
designed so a

SA4.2.6 Alld

ction SA25, Accelerated Aging-of Gaskets, Sealing Compounds and Adhesive

arine unit for open cockpit or weatherdeck mounting shall be provided with e

enclosure may_be provided with internal means for mounting if the moun
5 to preventwater from entering the enclosure.

penings-for conduit other than in the bottom shall be threaded.

weatherdeck

hst Corrosion,

epeated) and

e constructed

or permanent

sion Test, an

| be tested as

S.

ternal means

ing means is

SA5 Protecfion’Against Corrosion

SA5.1

plating, or an equivalent means.

Iron and steel parts shall be protected against corrosion by enameling, painting, galvanizing,

Exception No. 1: Bearings, laminations, other parts of iron or steel such as washers and screws need not
comply with this requirement.

Exception No. 2: A part the corrosion of which would not result in a risk of fire, electric shock or injury to
persons need not comply with this requirement.

SA5.2 The interior of a metal compartment housing a lead-acid battery shall be protected by two coats of
acid-resistant paint, two coats of enamel individually baked on, or the equivalent.

SA5.3 An enclosure of sheet-steel intended for outdoor use shall be protected against corrosion by one
of the following coatings:
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