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INTRODUCTION
1 Scope

1.1 These requirements cover portable, stationary, and fixed power units having an input rating of 600
volts or less, direct- and alternating- current, with at least one output not marked Class 2, and that are
intended to be employed in ordinary locations in accordance with the National Electrical Code, ANSI/NFPA
70.

1.2 These requirements cover general purpose power supplies and power supplies for uses such as to
supply some household appllances school Iaboratorles cathodlc protectlon eqmpment power supply-
battery charge ! Wo classes —
those rated 10 kllovolt amperes or Iess and those rated more than 10 k|IovoIt-amperes

1.3 Power lass 2 Power

Units, UL 13

Linits with all outputs identified as Class 2 are covered under the Standard for
0.

1.4 These fequirements do not cover the following types of battery chargers;

rle
a) Bajtery chargers intended to charge motor-starting batteriescas covered by Standa
Chargers for Charging Engine-Starter Batteries, UL 1236;

rd for Battery

b) Ba
perso
Charg

tery chargers for charging industrial batteries which power material handling trlicks, tractors,
nnel carriers, and similar motive equipment, as.covered by the Standard for Indpstrial Battery
ers, UL 1564;

N recreational
5 and Power

b

c) Ch
vehic
Conv

argers or charging functions incorporated’into converter or inverters for use i
es and boats, as covered by the (Standard for Power Converters/Inverter
erter/Inverter Systems for Land Vehicles and Marine Crafts, UL 458; and

d) CHarge controllers or charging-functions incorporated into equipment for use in independent
powel systems, as covered by the Standard for Inverters, Converters, Coptrollers and
Intergonnection System Equipment for Use With Distributed Energy Resources, UL 1741.

1.5 A battery charger not wholly within the scope of one of the standards specified in 1.4 shall be

investigated
whichever of]

1.6 These
system, elec

to the requirements of this Standard supplemented by the applicable reg
the standards'in 1.4 is most applicable.

equirements do not cover a power supply for a fire-protective or burglary-proted
rostatic-air cleaning equipment, recreational vehicles, electric discharge or neg

uirements of

tive signaling
n tubing, test

equipment fi

r commercial or industrial laboratories; or an appliance or system in which the

power supply

is used.

1.7 These requirements cover power supplies for centralized ac or dc power systems, including dc
power supplies, rectifiers, and the like, that form part of these systems.

1.8 A power supply that is intended for use with a specific type of product other than as referenced in 1.2
is investigated under the standard for that end product.

1.9 These requirements do not cover the effect that a power supply may have on an equipment or a
system to which it is connected.

1.10 A power system, the primary function of which is maintaining continuity of an alternating power
source in case of input power failure, is covered under the Standard for Uninterruptible Power Systems,
UL 1778.
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2 Components

2.1

Except as indicated in 2.2, 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 used in the
products covered by this Standard.

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

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

b) Is superseded by a requirement in this standard.

2.3 A comp
use.

2.4  Specifi
capabilities.
temperatures

onent shall be used in accordance with its rating established for the intended

c components are incomplete in construction features or restricted in
Such components are intended for use only under limited conditions, suc
not exceeding specified limits, and shall be used only under.those specific cond

3 Units of Nleasurement

3.1 Values
approximate

4 Terminols

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

Pgy

4.1 Unless

4.2 The te

therwise stated, values of current and voltage are root-mean-square (rms).

"product" as used in these- requirements refers to all power units or any

covered by these requirements unless.specifically noted otherwise.

4.3 The ter
and transforn

5 Undated

5.1 Anyung
interpreted as

"power unit" as used in these requirements refers to all power supplies, batt
ers covered by these requirements.

References

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

conditions of

performance
h as certain
tions.

planatory or

part thereof

bry chargers,

dard shall be

6 Glossary

6.1 For the purpose of this standard the following definitions apply.

6.2 BATTERY, SEALED — A battery that has no provision for the addition of water or electrolyte or for
external measurement of electrolyte specific gravity.

6.3 BATTERY, VALVE-REGULATED - A battery in which the venting of the products of electrolysis is
controlled by a reclosing pressure-sensitive valve. These batteries have commonly been referred to as
"maintenance-free, starved electrolyte."

6.4 BATTERY, VENTED — A battery in which the products of electrolysis and evaporation are allowed to
escape freely to the atmosphere. These batteries have commonly been referred to as "flooded."
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6.5 CLASS 2 OUTPUT — An output complying with the requirements for Class 2 Output Circuits. See
38.1.

6.6 CLASS 3 OUTPUT - An output having limited voltage and energy capacity and complying with the
requirements for Class 3 Output Circuits. See 38.2. See also the Maximum Output Voltage Test, Section
83, and the Output Current and Power Test, Section 84.

6.7 CONDUCTIVELY CONNECTED — A part connected to another part such that the current through a
1500 ohm resistor connected between the parts exceeds 5 mA rms or 7.07 mA peak.

6.8 CONTROLLED ENVIRONMENT — An environment that is relatively free of conductive contaminants,

such as carl

r unit will be

installed with
protection ag
indoor area f
environment

a) A
b) EN
c) A
d) A
e) A

level
low rg

6.9 DIREC

on-dust and the like that may result from the end-use nqllipmnhf that the pow

or that may be due to the location of the end-use equipment, and that.is

ainst humidity and the formation of condensation. A temperature and chumiq
ree of conductive contaminants, is considered to be a controlled environment.
may be provided within the enclosure of an appliance by means of:

nermetically sealed enclosure;
capsulation;

tonformal coating;

jasketed, tight-fitting enclosure; or

filter system reducing the level of contamination in conjunction with a system
pbf condensation (for example, maintaining.the surrounding air at constant ten
lative humidity).

I CURRENT (DC) — A voltage or-current waveform where voltage across two p

change polatjity, and the current through a conductor does not change direction.

6.10 ELEQ
persons (oth
live part and
of 2 volts or 1

a) Arn

b) A

TRICAL ENERGY - HIGH CURRENT LEVELS - The capability for damag
er than by electric shock) from available electrical energy is considered to exist
an adjacent dead-mietal part or between live parts of different polarity, there exi
hore and either

available‘continuous power level of 240 volt-amperes or more; or

eactivesenergy level of 20 joules or more.

provided with
ity controlled
An equivalent

reducing the
perature and

bints does not

e or injury to
if between a
5ts a potential

For exampl

ES 1 £l +al ot H HH 4 b,
y A WUL U UUICT TTTICtal offiurtmCitGuitiity a CUTNTTPUTITTIL LATT LduoT a Uttt Ul ad

energy is available at the component to vaporize, melt, or more than warm the metal.

6.11

ire if enough

ENERGY LIMITING CIRCUIT/IMPEDANCE - A circuit or component depended on to limit an output

to Class 3 levels. Reliability of circuit components shall be determined unless the unit is tested as specified

in 87.1.

6.12

INTENDED FOR USE BY TRAVELERS — A multiple voltage rated direct plug-in power unit with a

125 V 15 A (parallel) input blade configuration, or a multiple voltage rated cord-connected power unit with
a non-detachable power supply cord terminating in a 125V 15 A (parallel) blade plug.

6.13

ISOLATED LIMITED-ENERGY CIRCUIT — A circuit derived from an isolated secondary winding of a

transformer having a maximum capacity in accordance with Section 51 and an open-circuit secondary
voltage rating not exceeding 1000 volts. A circuit derived from a line-voltage source of supply by


https://ulnorm.com/api/?name=UL 1012 2021.pdf

12 UL 1012 MARCH 30, 2021

connecting resistance in series with the supply circuit as a means of limiting the voltage and current is not
considered to be an isolated limited-energy circuit.

6.14 LINE-VOLTAGE CIRCUIT — Wiring and components that are conductively connected to a branch
circuit.

6.15 LOW VOLTAGE LIMITED ENERGY (LVLE) CIRCUIT — A circuit involving a potential of not more
than 42.4 volts peak or 60 V dc with limited energy as described in 36.5 — 36.13.

6.16 MULTIPLE VOLTAGE RATED POWER UNIT — A power unit with a rated voltage range (such as
100 — 240 volts) or a power unit with more than one discrete voltage rating (such as 120/240 volts).

6.17 POWHR UNIT, COMMERCIAL — A power unit other than the household type as definetli in 6.18.
6.18 POWHR UNIT, FIXED — A power unit that is intended to be permanently conpected elegtrically.
6.19 POWHR UNIT, HOUSEHOLD - A power unit intended for use with equipment found in the home.

6.20 POWHR UNIT, PORTABLE - A cord and plug connected power ufit that:
a) Hap no provision for permanent mounting; and

b) Cah be moved easily from one place to another for use:

6.21 POWHER UNIT, STATIONARY — A cord and plug’connected power unit that is infended to be
fastened in place or located in a dedicated space.

6.22 RISK QF ELECTRIC SHOCK — A risk of electric shock is considered likely to occur at any part if the
potential betWyeen the part and earth ground«ér any other accessible part is more than 30 vqlts rms, 42.4
volts peak, ¢r 60 V dc, and the contintous current flow through a 1500-ohm resistof exceeds 5
milliamperes.

6.23 RISK OF INJURY — A risk\ef injury to persons is considered likely to occur if one or more of the
following condlitions exist:

a) If power-operated moving parts such as gears and linkages are accessible dufing intended
operafion and are-capable or causing a cut or laceration.

b) If sharp edges, burrs, or projections are present that can cause injury during use or|servicing.

todilib, ~f At bt o it o : I Qigl:lis ;
C) If the Stadhity-or-apProauctiS—Suenthatitcan—catusSe ity topersons—see—stantity Test, Section

50.

d) If there is likelihood that a part of the body could be endangered or that clothing would be
entangled by the moving part resulting in an injury.

The words "injury to persons" are in reference to physical harm to persons other than the physiological
effects of electric shock.

6.24 SPECIAL APPLICATION BATTERY CHARGER - A battery charger intended to charge batteries
employed in wheel chairs or other similar types of mobility aids.

6.25 TOOL — A screwdriver, coin, key, or any other object that may be used to operate a screw, latch, or
similar fastening means.
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ALL POWER UNITS

CONSTRUC

TION

7 Frame and Enclosure

7.1

7.11

General

A power unit shall be formed and assembled so that it has the strength and rigidity necessary to

resist the abuses to which it is subjected, without increasing the risk of fire, electric shock, or injury to
persons due to total or partial collapse which results in a reduction of spacings, loosening or displacement

of parts, or o

712 Apo
cord or prim
shock, or inju

7.1.3 Acas
Table 7.1.

Exception: A
Section 45,

la H alaf, s
ITCT STTTUUS UTITULS.

ry to persons under any condition of use.

eed not comply with the thickness specified in Table' 7/1.

ver unit shall be provided with an enclosure to house all parts other than the
ary connector and the output leads or output connector that present, a‘risk o

t- or sheet-metal section of the enclosure shall have a thickness not less than th

part of an enclosure that complies with the Mechanical Strength Tests for Meta

power supply
f fire, electric

At specified in

2/ Enclosures,

Table 7.1
Minimum acceptable thickness of enclosure metal
At small, flat, unreinforced
surfaces and at surfaces of
a shape or size to'provide At surfaces to which a
adequate mechanical wiring system is to be At relatilely large
strength connected in the field unreinforced flat surfaces
Metal Inches (mm) Inches (mm) Inches (mm)
Die-cast 3/64 (1.2) - - 5/64 (2.0)
Cast malleablq iron 116 (1.6) - - 3/32 (2.4)
Other cast mefal 3/32 (2.4) - - 1/8 (3.2)
Uncoated shegt steel 0.026 (0.66) 0.032 (0.81) 0.026 (0.66)
Galvanized sheet steel 0.029 (0.74) 0.034 (0.86) 0.029 (0.74)
Nonferrous sh¢et metal other 0.036 (0.91) 0.045 (1.14) 0.036 (0.91)
than copper
Copper 0.033 (0.84) 0.043 (1.09) 0.033 (0.84)

7.1.4 An enclosure or part of an enclosure that also serves as a compartment for a rechargeable vented
battery shall be ventilated to permit dispersion of gases from the battery.

7.1.5

judging the suitability of a polymeric enclosure:

a) Moisture absorptive properties;

b) Material flammability properties; and

c) Resistance to arcing properties.

In addition to the criteria specified in this Standard, the following factors are to be considered when
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These properties shall comply with the requirements in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C. See also 39.4.

7.1.6 A conductive coating applied to a nonmetallic surface such as the inside surface of a cover,
enclosure, and the like shall comply with the appropriate requirements in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C, unless it can be determined that flaking or
peeling of the coating does not result in a reduction of spacings or the bridging of live parts that may result
in a risk of fire, electric shock, or injury to persons.

7.1.7 The enclosure of a power unit shall prevent molten metal, burning insulation, flaming particles, or
the like from falling on combustible materials, including the surface upon which the power unit is
supported. A parrier as mentioned in 7.1.10 shall:

a) Belhorizontal;
b) Comply with Figure 7.1; and

c) Comply with 7.1.8 if it is made of a polymeric material.

Openings for|drainage, ventilation, and the like may be employed in the barrier provided suchl openings do
not permit mdlten metal, burning insulation, or the like, to fall on combustible material.



https://ulnorm.com/api/?name=UL 1012 2021.pdf

MARCH 30, 2021

UL 1012 15

Figure 7.1

Location and extent of barrier
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A — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the
unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C —Inclined line that traces out minimum area of barrier. The line is always:

1) Tangent to the component,

2) 5 degrees from the vertical, and

3) So oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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7.1.8 With reference to 7.1.7, a barrier made of a polymeric material shall:

a) Have a flammability classification of V-1 or better in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94; and

b) Comply with the requirements for physical barriers specified in the Standard for Polymeric

Materials — Use in Electrical Equipment Evaluations, UL 746C.

7.1.9 The requirement in 7.1.7 necessitates that a switch, a relay, a solenoid, or the like, be completely
and individually enclosed, unless it can be shown that:

a) Malfunction of the component does not result in a risk of fire; or

b) Th
particl

Exception No

Exception Ng
incorporate a
having a 14-
minimum; or

Bs or the like co

uld fall.

1: This requirement does not apply to terminals.

. 2: Ventilation openings may be provided in the bottom of\an enclosure if
perforated metal plate as described in Table 7.2, a galvanized or stainless
by 14-mesh per inch (25.4-mm) constructed of wire with@diameter of 0.018 inch (0.5 mm)
bther construction complying with the Hot, Flaming Oil.Jést, Section 57.

bre are no openings in the enclosure through which molten metal, burning insulalation, flaming

he openings
steel screen

Table 7.2
Perforated metal plates for.enclosure bottom
Minihum thickness Maximum diameter of holes Minimum spacings of h¢les center to
center
inch (mm) inch (mm) inch (mm)
0.026 (0.66) 0.045 (1.14) 0.067 (1.70)
233 holes per inch? (§45 mm?)
0.026 (0.66) 0.047 (1.19) 0.093 (2.36)
0.030 (0.76) 0.045 (1.14) 0.067 (1.70)
0.030 (0.76) 0.047 (1.19) 0.093 (2.36)
0.032 (0.84) 0.075 (1.91) 0.125 (3.18)
72 holes per inch? (645 mm?)
0.035 (0.89) 0.075 (1.90) 0.125 (3.18)
0.036 (0.91) 0.063 (1.60) 0.109 2.77)
0.036 09T) 0.078 (T.98) 0125 (3.18)
0.039 (0.99) 0.063 (1.60) 0.109 (2.77)
0.039 (0.99) 0.079 (2.00) 0.118 (3.00)

NOTE - In accordance with Exception No. 2 to 7.1.9.

7.1.10 With regard to 7.1.7, if openings in the enclosure are provided, it will also necessitate the use of a

barrier:

a) Under wire, unless it is of the flame-retardant type, such as neoprene- or thermoplastic-
insulated wire; and

b) Under a fuse, unless a complete, unventilated enclosure is provided for each fuse.

Exception: A barrier is not needed under:
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a) A supplementary fuse;
b) A fuse connected in a Class 2 circuit;
c) Anindividually enclosed fuse such as an extractor fuse; or

d) A fuse within a complete unventilated enclosure.

Consideration will be given to a fuse enclosed within a transformer winding.

7.1.11
circuit shall n

ot be provided with ventilating openings.

A compartment or part of an enclosure that contains field-wiring splices in other than a Class 2

7.1.12 Glag

s or thermoplastic covering an opening for user servicing, such as replacing\a‘p

ilot lamp, and

enclosing livg parts that are guarded in accordance with 7.6.3, 7.6.4, or 9.1.4 shall be securely retained in

place, and sh

a) Mechanical Strength Tests for Metal Enclosures, Section 45;

b) AY

c) Flammability tests for thermoplastic enclosures as specified in' 7.1.5.

7.1.13 The
the capped p

7.2 Mounting means

721 A po
position. Bol

used for secliring components.

7.2.2 Apor
mounting mg

723 Aba
compartmen
Section 35.

7.2.4 Moun
special hardy

all comply with:

normal Tests, Section 54; and

operating handle of a circuit breaker, the operating button of a manually-opera
ortion of an extractor-type fuseholder, or a similarpart may project outside the e

s, screws, and other parts used-for mounting the power unit shall be indepen

fable power unit intended for wall mounting shall employ a keyhole slot or the e
ans.

rier or the equivalent may be used to prevent wall-mounting screws from prg
containing.electrical parts and reducing spacings to less than that specified

ting.instructions shall be furnished with each power unit designed for permaner
vare is required, it shall be provided by the manufacturer.

ble protector,
hclosure.

wer unit intended to be fastened inplace shall have a means for securely mounting it in

dent of those

uivalent as a

jecting into a
in Spacings,

t mounting. If

7.3 Integra

7.31

| meters

instrument housing, or both together, shall comply with the requirements for an enclosure.

If an electrical instrument, such as a meter, forms part of the enclosure, the face or the back of the

Exception No. 1: An electrical instrument connected in a secondary circuit need not comply with the
requirements for an enclosure if damage or deterioration of the materials comprising the housing does not
result in a risk of fire or electric shock.

Exception No. 2: This requirement does not apply to a meter as described in 7.3.2.

7.3.2 A panel mounted analog meter shall comply with the Standard for Electrical Analog Instruments —
Panelboard Types, UL 1437.
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Exception: An analog meter connected to an isolated circuit of not more than 42.4 V peak or 60 V dc need
not comply if the meter housing does not constitute part of the power unit enclosure.

7.4 Supporting material

7.41

shall comply with Insulating Materials, Section 24.

Material supporting terminals or used as internal electrical insulation of an electrical instrument

Exception: This requirement does not apply to an electrical instrument connected in a secondary circuit if

damage to or

7.4.2  Suppottine

shall be relial
be investigate
in 65.2.1.

Exception: TH
with the supp

74.3 Anad
to environme
determine its

Exception: Methods utilizing fusion techniques, such “as solvent cementing, ultraso

electromagns

7.5 Doors gdnd covers

7.5.1 Adoog
held in place

Exception: A
shall be secy

remove it.

7.5.2 Adoo

deterioration of the materials does not result in a risk of fire or electric shock.

v Cl », O oSt O wiviv

ly secured in place and the aging, physical, and flammability properties of the
d. A rubber or neoprene material shall comply with the physical propertie§ test

is requirement does not apply to a power unit subjected to the Temperature Tes
brting means removed. See 42.9.

hesive used to attach a cover to a power unit shall be investigated with respec
htal conditions, such as high and low temperatures,-Aigh and low humidity, an
ability to retain the cover in position.

tic induction, and thermal welding are notiequired to be investigated.

I or cover that provides access‘to’a live part that can cause electric shock sha
50 that it can be opened or.removed only by using a tool.

door or cover that provides access to a live part that does not involve risk of ¢
rely held in place, but need not be secured so that it is necessary to use a to

or coverof an enclosure shall be hinged or attached in an equivalent manner if

a) |
rene

t\JFovides access to an overload-protective device the intended functioning of w

|;°or

or ventilation
material shall
requirements

t, Section 42,

to exposure
d the like, to

hic welding,

| be securely

lectric shock
ol to open or

hich requires

b) Itis necessary to open the cover in connection with intended operation of the protective device.

A door or cover providing access to a fuseholder shall be tight-fitting and shall be positively held closed.

See 28.1.

Exception: A hinged cover is not required if the only overload-protective devices enclosed are:

a) Connected in control circuits, provided the protective devices and the circuit loads are within the

same

b) Ra

enclosure;

ted 2 amperes or less for loads not exceeding 100 volt-amperes;

c¢) Extractor fuses having an integral enclosure;

d) Fuses connected in a low-voltage limited energy circuit; or
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e) In accordance with the Exception to 29.1.
7.6 Protection against injury to persons

7.6.1 If operation, maintenance, or reasonably foreseeable misuse of a power unit by the user involves a
risk of injury to persons, protection shall be provided to reduce such risk to an acceptable degree.

7.6.2 Specific service functions of a power unit that are not intended to be performed shall be given
appropriate consideration.

7.6.3 A part capable of causing injury to persons shall be enclosed or guarded.

764 A rotLting member, such as a fan blade, the breakdown of which could result in-a rigk of injury to
persons, shgll be enclosed or guarded to reduce the likelihood of injury.

7.6.5 With reference to 7.6.3, a part that is within the enclosure or casing of the power|unit and that
cannot be contacted by the probe illustrated in Figure 8.1 is considered to 'be”acceptably] guarded. An
opening in a guard shall not exceed 1 inch (25.4 mm) in diameter.

7.6.6 A cover or guard for a moving part that involves a risk of injury te’persons — such as affan blade —is
to be arranggd so that if it is removed, it must be replaced before,intended operation of tHe power unit.
Other featurgs of a cover or guard to be considered include:

a) Rgmovability without the use of a tool;
b) Removability for servicing;

c) Strength and rigidity;

d) Cagmpleteness; and

e) Creation of additional risks,ef\injury such as pinch points during servicing, replacement of fuses,
and npaintenance.

Exception: Alcommercial or pewer unit may be provided with a marking — in lieu of other means — located
adjacent to the part being.guarded, to instruct the user that the cover or guard should be replaced before
intended opd@ration of théspower unit. See 61.1.14.

7.6.7 A rotating<ersmoving part that creates a risk of injury to persons if it should becomge disengaged
shall be provjded\with a positive means to retain it in place under conditions of use.

7.6.8 An enclosure, a frame, a guard, a handle, or the like shall not be sharp enough to cause a risk of
injury to persons in normal maintenance or use.

Exception: This requirement does not apply to a sharp edge that might be exposed to enable the power
unit to perform its intended function.

7.7 Modular units

7.7.1 Individual modules of a modular unit may be of the open construction — either no enclosure or a
partial enclosure is supplied — provided that when the modules are assembled together in the field as
intended, the unit complies with the requirements of this Standard. Identification of the modules and
instructions for assembling shall be provided in accordance with 61.2.22 and 62.1.11. The provisions for
electrical connection between modules shall comply with Section 14, Interconnections Between Sections.
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8 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

8.1 An opening in the enclosure of a power unit shall not permit entrance of a 1-inch (25.4-mm) diameter
rod. A smaller opening is acceptable if a probe as illustrated in Figure 8.1, when inserted through the
opening, cannot be made to touch any uninsulated live part that may involve a risk of electric shock, film-
coated wire that may involve a risk of electric shock, or moving part that may involve a risk of injury to
persons.

8.2 The probe illustrated in Figure 8.1 is to be applied to any depth that the opening permits and with a
force not greater than 1 pound (4.4 N), and is to be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the power supply. The probe is to be
applied in any possible configuration, and, if necessary, the configuration is to be changed gfter insertion
through the opening.
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Figure 8.1

Articulate probe with web stop
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8.3 A guard, baffle, or cover that can be removed without using a tool is to be removed when determining
if a part is accessible to the user. A part that can be contacted by the probe illustrated in Figure 8.1 when
inserted through an opening in a permanently-attached guard or baffle is considered to be accessible.

8.4 A part on the back of a component mounting panel and a part located such that it requires major
disassembly by using a tool are not considered to be accessible to the user; such parts are not considered
accessible to the service personnel unless it is likely that servicing will be done while the parts are
energized after disassembly.

8.5 An uninsulated live part that can cause electric shock shall be located or enclosed so that protection
against unintentional contact is provided.

9 Protectioh of Service Personnel

9.1 Genera
9.1.1 Thesg requirements apply to live parts used in circuits involving a risk of\electric shock
9.1.2 Live parts shall be so arranged and covers so located as to reduce-the risk of electrig shock when

covers are being removed and replaced.
9.1.3 Consi
mm) from the
incorporating

eration shall be given to a construction in which live parts are recessed at least
plane of the front of the fixed portion of the enclosure, and to an equivalent
projections or guards.

1/8 inch (3.2
construction

9.1.4 Anun
injury to pers

lves a risk of
ional contact

nsulated live part involving a risk of electric shock and a moving part that invo
bns shall be located, guarded, or enclosed to reduce the likelihood of unintent

with such pa
performing o
servicing proq

9.1.5 Alive
dead metal, 3
be guarded tg

Exception: TH

It by persons while changing a lamp or fuse, lubricating a motor, adjusting
her like operations, including*those performed only at the time of installati
edures.

heat sink for a solid-state'component, a live relay frame, a live part that can be|
nd the like shall comply with the requirements in 9.2.2 and 9.3.1. Such a part sh
prevent contact by/persons or be marked in accordance with 61.1.2.

is requirement does not apply to a heat sink mounted on a printed wiring board.

the extent th
capacitor ha

ans stich as a bleeder resistor shall be provided to drain the charge stored in &

a control, or
bn or during

mistaken for

all also either

capacitor to
ute after the

t ‘the potentlal V, measured between the termlnals of the capacnor 1 min

is less than 20 Joules as determlned by the following relatlon in which Cis in m|crofarads

J=5x107 cr?

rgy stored, J,

Exception: The requirement does not apply if a tool is necessary to remove a panel to reach the capacitor
and the power unit is marked to warn service personnel as specified in 61.1.15.

9.2 Mechanical servicing

9.2.1 The requirements in 9.2.2 are intended to provide a reasonable degree of protection to the service
personnel performing mechanical functions on energized equipment. Such functions do not in themselves
require exposure to live parts involving a risk of electric shock or to moving parts that involve a risk of injury
to persons, but it is usually necessary to perform them with the equipment energized.
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9.2.2 An uninsulated live part involving a risk of electric shock and a moving part that involves a risk of
injury to persons shall be located, guarded, or enclosed to prevent unintentional contact by service
personnel adjusting or resetting controls, and the like, or performing mechanical service functions that may
be performed with the equipment energized, such as lubricating a motor, adjusting the setting of a control
with or without marked dial settings, resetting a trip mechanism, or operating a manual switch.

9.2.3 An adjustable or resettable electrical control or manual switching device may be located or oriented
with respect to uninsulated live parts so that manipulation of the mechanism for adjustment, resetting, or
operation can be accomplished in the normal direction of access if uninsulated live parts:

a) Are not located in front — in the direction of access — of the mechanism; and

b) A
Exception: T
9.3 Electrig

9.3.1 An ¢
while energiz
grounded m
personnel to
unit is not to

9.3.2 Protg
control comy
panel in the ¢

9.3.3 Thee
resettable o
incremental

6.13 and 6.1
of greater en

9.3.4 The

solenoids, ar
mm) thick, o
and insulateq

ENot focated near any SIde or benind the mechanism, Uniess guarded.
his requirement does not apply to an uninsulated live part not involving acrisk of
cal servicing

lectrical component that may require examination, adjustment, servicing, or
red shall be so located and mounted with respect to other. components and W
btal parts that it is accessible for electrical servicesfunctions without subje
the likelihood of electric shock or risk of injury to pefsons. Access to componer
be impeded by other components or by wiring in the/direction of access.

ction against the risk of electric shock and_ injury to persons may be obtained
onents so that unimpeded access to each component is provided by an ac
uter cabinet.

lectrical components referred toin 9.3.1 and 9.3.2 include the following: fuses,
erload relays, magnetically_operated relays, manual-switching devices, cloc
oltage taps. Such componenis in a limited-energy circuit of 30 volts rms or less
b shall comply with the requirements in 9.3.1 with respect to uninsulated live p3g
ergy level and to moving parts involving a risk of injury to persons.

following are pot-Considered to be uninsulated live parts: coils and windin
d transformers .that are provided with acceptable insulating overwraps at least
r the equivalent; enclosed motor windings; terminals and splices with accepta
wire.

lectric shock.

maintenance
ith respect to
cting service
ts in a power

by mounting
Less cover or

adjustable or

timers, and
as defined in
rts in a circuit

gs of relays,
1/32 inch (0.8
ble insulation;

10 AssemlPIy

10.1  An uninsulated live part shall be secured to the base or surface so that it is prevented from rotating
or shifting in position as the result of stresses if such movement results in a reduction of spacings below
the minimum acceptable values.

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

Exception No. 1: A switch need not comply with this requirement if all of the following conditions are met:

a) The switch is a plunger or other type that does not tend to rotate when operated — a toggle
switch is considered to be subject to forces that tend to turn the switch;

b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it;
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¢) Spacings are not reduced below the minimum acceptable values if the switch rotates; and

d) Intended operation of the switch is by mechanical means rather than by direct contact by
persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a sealed neon
pilot or indicator light, need not comply with this requirement if rotation cannot reduce spacings below the
minimum acceptable value.

10.3 A small stem-mounted device having a single-hole mounting may be prevented from rotating by a
properly applied lock washer.

11 Protectipn Against Corrosion
11.1 Iron and steel parts shall be protected against corrosion by enameling, painting,| galvanizing,
plating, or an fequivalent means.

Exception Noj f iron or steel

such as wash

1: This requirement does not apply to bearings, laminations,.and other parts o
ers and screws.
Exception No bes not result
in a risk of firg

2: A part need not be protected against corrosion if.thé corrosion of the part d(
, electric shock, or injury to persons.

12 Supply Connections

12.1 Permanently-connected power units

12.1.1  Afixed power unit shall have provision for the connection of a wiring system.

12.1.2 A kn
deformation @

ockout in a sheet-metal enclosure shall be secured and shall be removable without undue

f the enclosure.

12.1.3 A kngpckout shall be surfounded by a flat surface to accommodate for seating of a co
or locknut of the appropriate size!

nduit bushing

12.1.4 Ifthr
or if an equi
threads in th

bads for the_connection of conduit are tapped all the way through a hole in an er
alent construction is employed, there shall not be less than three nor more
e metal; and the construction of the device shall be such that a conduit bus

closure wall,
than five full
hing can be

properly attaghed.

12.1.5 If threads for the connection of conduit are not tapped all the way through a hole in an enclosure
wall, conduit hub, or the like, there shall not be less than 3-1/2 threads in the metal and there shall be a
smooth, rounded inlet hole for the conductors that shall afford protection to the conductors equivalent to
that provided by a standard conduit bushing and that shall have an internal diameter approximately the
same as that of the corresponding trade size of rigid conduit.

12.1.6 For an enclosure not provided with conduit openings or knockouts, spacings not less than the
minimum required in this standard shall be provided between uninsulated live parts and a conduit bushing
installed at any location likely to be used during installation. Permanent marking on the enclosure, a
template, or a full-scale drawing furnished with the power unit may be used to limit such a location.

12.1.7 A field-wiring compartment in which power unit connections are to be made shall be located so
that the connections may be readily inspected after the power unit is installed as intended.
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12.1.8 A field-wiring compartment intended for connection of a wiring system shall be attached to the
power unit so that it is prevented from turning.

12.1.9 An outlet box, terminal box, wiring compartment, or the like in which connections to the power unit
circuit are made in the field shall be free from any sharp edge, including screw threads, a burr, a fin, a

moving part, or the like, that may abrade the insulation on conductors or otherwise damage the wiring.

12.2 Wiring terminals and leads

12.21

The field-wiring terminals mentioned in 12.2.2 — 12.2.12 are terminals to which supply, control,
output, or other permanent connections are made in the field when the power unit is installed.

12.2.2 FieI«Ii-wiring terminals or leads shall be sized for the connection of conductors hayvin

appropriate f

1223 Aw

Exception N
10 AWG (5.3
position.

Exception N

br the rating of the power unit.

) an ampacity

ring terminal shall be provided with a pressure terminal connector securely fastened in place
— for examplg, firmly bolted or held by a screw.

. 1: A wire-binding screw may be employed at a wiring terminal intended for cq
mm?) or smaller conductor if upturned lugs or the equivalént are provided to h

. 2: A wiring terminal need not be provided with a pressure terminal connector

is intended for connection of a 8 AWG (8.4 mm?) or larger ¢onductor, and the power unit con

requirements

1224 AW
friction betwd
mortises; by
equivalent m

1225 Awi

Exception N
connection o

Exception N
mm?) or 18 A

in12.2.11.

ring terminal shall be prevented from,turning or shifting in position by a mea
pen surfaces. This may be accomplished by two screws or rivets; by square
a dowel pin, lug or offset; by a«gennecting strap or clip fitted into an adjacent
pthod.

re-binding screw at a field-wiring terminal shall not be smaller than No. 10 (4.8 m

D. 1: A No. 8,42 mm diameter) screw may be used at a terminal intende
fa 14 AWG (2.1-mm?) conductor.

p. 2: A(No. 6 (3.5 mm diameter) screw may be used for the connection of a
WG (9:82 mm?) control-circuit conductor.

nnection of a
bld the wire in

if the terminal
plies with the

ns other than
shoulders or
part; or by an

m diameter).

i only for the

16 AWG (1.3

1226 Awi

e-binding Screw shattthreadmto metat.

12.2.7 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27
mm) thick.

Exception No. 1: A plate not less than 0.030 inch (0.76 mm) may be used if the tapped threads will not
strip when subjected to the tightening torque specified in Table 12.1.

Exception No. 2: A plate less than 0.030 inch (0.76 mm) thick may be used in a Class 2 circuit, Class 3
circuit, or an isolated-limited-energy circuit if the tapped threads will not strip when subjected to the
tightening torque specified in Table 12.1.

12.2.8 There shall be two or more full threads in the metal of a terminal plate. The metal may be
extruded at the tapped hole to provide at least two full threads.
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Exception: Two full threads are not required for a terminal in a Class 2 circuit, Class 3 circuit, or an isolated
limited-energy circuit if a lesser number of threads results in a secure connection in which the threads will
not strip when subjected to the tightening torque specified in Table 12.1.

Table 12.1

Tightening torque for wire-binding screws

Tightening torque

Size of terminal screw, Wire sizes to be tested, Newton-meters (N-m) or
number AWG Pound-inches kilogram-meters (kg-m)
6 16 — 222 12 1.4 0r0.14
g 14° and 16 — 222 16 1.8.010.18
1P 10 — 14" and 16 — 22° 20 23010.23
@ Stranded wire
b Solid wire.
12.2.9 Uptufned lugs, a cupped washer, or the equivalent shall be capable.of retaining a conductor of the

size specified

12.2.10 ThH
or more if the

in 12.2.5 under the head of the screw or washer.

free length of a lead inside an outlet box or wiring cempartment shall be 6 inch
lead is intended for field connection to an external Circuit.

es (152 mm)

12.2.11  With reference to Exception No. 2 to 12.2.3, a préssure terminal connector is not required to be
provided with|a wiring terminal when the following conditions are met:
a) Aterminal assembly shall be either:
1) Supplied by the manufacturer.— installed or shipped separately; or
2) Specified in a marking.on,the power unit in accordance with 61.2.15 and 61.2.16.
b) A fastening device, such asa stud, nut, bolt, spring or flat washer, or similar devicsg, as required
for an|effective installation, shall either be provided as part of the terminal assembly of be mounted
on or separately packaged with the power unit.
¢) Thq installationsof‘the terminal assembly shall not involve the loosening or disassembly of parts
other {han the cover or other part giving access to the terminal location. The means forl securing the
terminial connectors shall be readily accessible for tightening before and after ipstallation of
condugtors.

d) When the pressure terminal connector provided in a terminal assembly requires
special tool for securing the conductor, any required instructions shall be included in the assembly
package or with the power unit. See 61.2.17.

the use of a

e) After installation of the pressure terminal connector in the intended manner, the power unit shall
comply with the requirements in this standard.

12.2.12 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.

Exception: This requirement does not apply if proper identification of that terminal is clearly shown in some
other manner, such as on an attached wiring diagram.
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12.2.13 The surface of a lead for the connection of a grounded power unit conductor shall be white or
grey and shall be readily distinguishable from the other leads.

12.3 Cord-connected power units

12.3.1 A portable or stationary power unit shall be provided with a flexible cord in accordance with Table
12.2 and an attachment plug for connection to the power supply circuit. The supply cord shall be attached
permanently to the unit or shall be in the form of a detachable power supply cord with a means for
connection to male contacts affixed to the unit. The length of cord external to the power unit and including
the attachment plug shall not be less than 6 feet (1.8 m) as measured from the face of the attachment plug
to the point of attachment or entry.

Exception No. 1: A power unit weighing 1 pound (454 g) or less need not comply with"the cord length
requirementsg if the total length of the input and output cords is 6 feet (1.8 m) or more and\the length of the
input cord is gt least 3 feet (0.91 m).

Exception N¢. 2: This requirement does not apply to rack mounted power units,"See 12.3.2.

Exception Np. 3: A power unit marked in accordance with 61.2.20.and provided with ipstructions in
accordance With 62.1.10 need not be provided with the detachable power supply cord.

Exception No. 4: If a power unit is intended for use in a country“other than the U.S.A., the detachable
power supply cord shall comply with the requirements of the country of destination.

Table*12.2
Acceptable flexible cords for power units®®

Intendefl use of power unit Flexible cord type Maximum length,|feet (m)
A. Desk, countertop, rack mounted, or SP*2,.SPE-2, SPT-2, SV, SVE, SVT 10 (3)
the like
B. Floor mounted, stationary, or the like S/SE, SO, SP-3, SPT-3, ST, STO, SJ, Not specifigd
SJE, SJO, SJT, SJTO

@ Refer to 12.3|1 and to sections pertaining to specific types of power units.
b See 12.3.3.

12.3.2 A rack mounted power unit shall be provided with the shortest length of flexiblg cord for the
purpose.

12.3.3 A st atinnary power unit intended to bhe fastened in place may require a form of supply connection
that facilitates the interchange of equipment to maintain continuous service or otherwise meet special
conditions of use. For such service, a Type S, SE, or equivalent flexible cord may be employed and may
be of a length appropriate for the purpose, but no longer than 10 feet (3 m). Normally, a 24 inch (610 mm)
length of cord is sufficient for the plug and receptacle connection.

12.3.4 A supply cord shall be:
a) Of a type that is acceptable for the usage; and

b) Acceptable for use at a voltage and ampacity no less than the rated voltage and ampacity of the
power unit.

12.3.5 The ampacity of the attachment plug for a power unit intended to be continuously loaded for 3
hours or more shall not be less than 125 percent of the input rating.
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12.3.6 If a unit with a permanently attached power supply cord can be adapted for use on two or more
different voltages by field alteration of internal connections, the attachment plug provided with the unit
shall be of a type required for the voltage and current for which the unit is shipped from the factory. The
power unit shall be provided with instructions as described in 62.1.4.

12.3.7 If a multiple voltage rated power unit is intended for use with a detachable power supply cord, the
cord shall be provided with the unit if either of the following apply:

a) The power unit is provided with an operator adjustable voltage selector and complies with
54.5.1; or

b) The power unit is capable of operating at different voltages without user adjustment.

Instructions shall be provided as described in 62.1.5. The power unit shall also be marked, in accordance
with 62.1.6.

Exception: A lpower unit marked in accordance with 61.2.20 and provided with instructions iy accordance
with 62.1.10 eed not be provided with the detachable power supply cord.

12.3.8 A poer unit intended for use by travelers shall comply with (a) =(e):
a) Thé power supply input shall be a 125 volt, 15 amp configuration;

b) The power unit shall employ a user adjustable voltage selector and comply with 54.5.1, or be
capable of operating at different voltages without useradjustment;

c) The input voltage rating shall include nominak 120 volt;
d) Thé power unit shall be marked as indigated in 61.2.21; and

e) The¢ power unit shall be provided with'instructions per 62.1.7.

12.3.9 In a power unit rated 125 volfs or less, 125/250 volts (three-wire) or less, or 277 volts, the screw
shell of an Edison-screw-shell lampholder shall be electrically connected to the cord conductgr intended to
be grounded| A switch or overcurtent-protective device of the single-pole type, other than an automatic
control withodt a marked off position, shall be connected in a circuit to the cord conductor nqt intended to
be grounded.

12.3.10 A ppwer unit shall employ a polarized or grounding-type attachment plug.

12.4 Strain|relief

12.4.1 Strain relief shall be provided to prevent mechanical twisting or stress on the supply cord or output
cord from being transmitted to terminals, splices, or interior wiring. The means for preventing twisting is to
be evaluated by inspection. The suitability of the strain relief is to be evaluated in accordance with 45.1.

12.4.2 A metal strain-relief clamp or band is acceptable without supplementary protection on a Type SV,
SVO, SJ, SJE, SJO, S, SO, SJT, SJTO, ST, or STO cord. A metal strain-relief clamp or band is acceptable
on a Type SP-2, SPE-2, SPT-2, SVE, SVT, or SVTO cord only if supplementary nonconductive,
mechanical protection is provided over the cord.

12.4.3 If aknotin a flexible cord serves as strain relief, the surfaces that the knot may touch shall be free
from burrs, fins, sharp edges, and projections that can damage the cord.
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12.4.4 Means shall be provided to prevent the flexible cord or lead from being pushed into the enclosure
through the cord-entry hole when such displacement results in:

a) Subjecting the supply cord or lead to mechanical damage;

b) Exposing the supply cord or lead to a temperature higher than that for which it is rated;

¢) Reducing spacings (such as to a metal strain-relief clamp) below the minimum required values;

or

d) Da

To determing-ec

Back Relief
12.5 Bush

12.5.1
opening in

Ab

or SPT-2 cor
subjected to

Exception: R
smooth, roun

a:[
place, and s

maging internal connections or components.

est.
ngs
shing or the equivalent shall be provided at a point where a flexible' cord pass
wall, barrier, or enclosing case. The bushing shall be substantial, mechanica

all have a smooth, rounded surface against which the cord may bear. If a Type

stress or motion, the bushing shall be an insulating bushing.

pr a cord hole in wood, porcelain, phenolic composition, or other nonconducti
ded surface is considered to be the equivalentof an insulating bushing.

12.5.2 Ceramic materials and some molded compositions are acceptable for insulating bus

12.5.3 A byshing molded integrally with the supply cord is acceptable on Type SP-2, SPE|

cord provide
enclosure.

1254 Ani
less than 1/3
which it is mq

13 Output

13.1  Outpu

d it is not less than 1/16 inch (1.6 mm) thick in the area where the cord passe

2 inch (0.8 mm) thick~and completely fills the space between the grommet an
unted.

Connections

t terminals shall not be exposed unless they are used for Class 2 output circuits.

ction 47, Push-

bs through an
ly secured in
SP-2, SPE-2,

d is employed, the wall or barrier is of metal, and the constfuction is such that the cord may be

e material, a

hings.

-2, or heavier
s through the

nsulated metal grommet is acceptable as an insulating bushing if the insulating material is not

1 the metal in

Exception: A—power umit Tray employ exposed terminals If the terminals are focated 1
secondary circuit and all of the following conditions are met:

an isolated

a) The maximum output voltage (V) does not exceed 42.4 volts peak ac or 60 volts dc.

b) The output current rating does not exceed 8 amperes for ac or dc voltages up to 30 V rms, or
150/V,,.x amperes for dc voltages between 30 V and 60 V.

c) Th

e exposed terminals comply with the requirements in 12.2.1 - 12.2.9.

d) A nonmetallic terminal cover is employed to reduce the likelihood of bridging between terminals.
The cover shall be close-fitting over the top and all sides of the terminal block, with no opening
other than those necessary for entry of conductors. The cover shall be attached so that it cannot be
discarded. The nonmetallic material shall comply with the requirements in 7.1.5, and shall also
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comply with the requirements for resistance to hot-wire ignition in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

e) The power unit is marked as required by 61.1.5.
13.2 A metal enclosure of a power unit shall not be used as an output-circuit current-carrying part.

13.3 A power unit having a flexible power supply cord shall be provided with an integral output cord
terminating in a connector, or with a connector directly attached to the enclosure.

Exception No. 1: A stationary power unit intended to be fastened in place may be provided with output

connections for permanent wiring if the connections are enclosed but readily accessible b

hinged cover,

for connection of the output conduit system. See 12.3.3.

Exception No
No. 1to 13.1.

134 The o
provided in th
12.2.

Exception: O

thermoplastid
13.5 A batt
battery or bat
a) Em
b) Em
Figure
c) Ha
energ
13.6 A spe
complying wi

Control and H

access opening, or the equivalent. A standard trade size conduit knockout sha

2: This requirement does not apply to a power unit output circuit complying wj

utput flexible cord required by 13.3, whether permanently.attached to the p
e form of a separate cord set, is to be equivalent to the power supply cord sped

Ltput wiring for Class 2 circuits may be parallél_cord insulated with rubber,
having a wall thickness not less than 0.013 ineh40.33 mm).

bry charger provided with output contacts'in a recessed compartment to acg
ery pack shall either:

ploy an interlock to de-energize contacts that are accessible to the articulats
| 8.1) with the battery fully removed; or

e an output not exceeding 60 volts dc and employ contacts that do not prov
— high current levels (See 6.10).

th the requirements in the Standard for Component Connectors for Use in
owerApplications, UL 1977.

ol

means of a
be provided

ith Exception

ower unit or
ified in Table

neoprene, or

ommodate a

bloy recessed contacts that are not accessible to the articulate probe (see Figurg 8.1);

e probe (see

ide electrical

Cial application battery charger shall be provided with a special use polariz¢d connector

Data, Signal,

13.7 Acon

3 £, $ + Al HY $l +h 1t dad £ H 1Y e} HY
CLWUN Ul armr uutput UITCUlt, UUNICT thialt UTic TIeTiutu TUT UoT Wil a Ulidoo 4 UITUUIR,

shall comply

with the requirements in the Standard for Component Connectors for Use in Data, Signal, Control and
Power Applications, UL 1977, or the Standard for Attachment Plugs and Receptacles, UL 498.

13.8 A connector intended for use with other than line voltage shall have a nonstandard pin

configuration.

13.9 A connector for an output not exceeding 42.4 volts peak or 60 volts dc shall have no exposed
current carrying pins that could be short-circuited when placed on a flat metal surface.

13.10 A strain-relief means and a bushing for the output cord shall comply with the requirements in 12.4

and 12.5.
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13.11

shall not be less than:

A rubber or neoprene bushing intended for use with Class 2 or Class 3 field-installed output wiring

a) 1/8 inch (3.2 mm) thick with the opening in which the bushing is mounted free from rough or

sharp

edges that may damage the bushing; or

b) 3/64 inch (1.2 mm) thick with an opening that is eyeletted or otherwise provided with smooth
edges.

14

14.1

Interconnections Between Sections

The means provided for external connection between sections of a unit or between units of a

system shall

14.2 A flex
12.2 and sh3

comply with the requirements described in 14.2 — 14.10.

ble-cord or -cable assembly used for interconnection shall be of a typeras-spe
Il be provided with bushings and strain relief in accordance with 12.4,1 +,12.5.4.

Exception N¢. 1: The strain relief for wires and cables that are part of the secondary circuits

36.5—-36.15

Exception N
thermoset ja
involved andg
external inte
122

14.3 Insert
misalignmen
operator sha
14.5.

14.4 If eith
contacts, ari
and between
the connecto

14.5 Inclus
the cable is @
14.6 Unles

shall comply with the Exception to 46.1.

D. 2: When an interconnecting cable is used, it shall be constructed of a theg
Cketed appliance wiring material, required for the maximum voltage, current, an

shall be rated VW-1, FT-1, or better. The cable<employed shall be classifig
rconnection of electronic equipment and equivalent to the flexible cords sped

ing a male connector in a female connector other than the one intended
| of male and female connectors, and-other manipulations of parts that are acg
I not result in a risk of electric shock or electrical energy — high current levels to

er end of an interconnecting cable terminates in a connector having one or n
5k of electric shock ar electrical energy — high current levels shall not result betv
earth ground and-any contact that is exposed on either the connector or its req
ris out of its receptacle. See 14.5 and 14.6.

on of an interlock circuit in the cable to de-energize the exposed contacts whens
isconnécted constitutes compliance with the requirement in 14.3 and 14.4.

s5\acceptable cable assemblies are provided, each section of a unit shall be

cified in Table

mentioned in

rmoplastic or
l temperature
d for use for
ified in Table

to receive it,
essible to the
persons. See

nore exposed
veen contacts
eptacle while

ver an end of

provided with

acceptable field-wiring terminals or Teads to facilitate interconnection by means of permanently installed
wiring.

14.7 Sections of a unit that are intended to be combined in field installations to form overall unified
enclosures (modular units — see 7.7.1) may be acceptable if the modules provide complete enclosures or
the equivalent that facilitate the routing or interconnecting cables or other wiring from one unit of the
system to another. Such constructions shall provide substantially complete enclosures for all wiring.

14.8 If interconnection of sections of a unit involves Class 2 circuits, the Class 2 circuits may be
terminated in field-wiring connections other than specified in 14.6, such as wire-wrap or crimp-on types, if
the Class 2 circuits are permanently separated from all other circuits and if the mating parts and
instructions for their method of attachment are provided.
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14.9 A connector used for interconnection between modules or for connection to an external control
circuit shall comply with 13.7.

14.10 Sections of a unit interconnected by flexible metal conduit or flexible metal tubing shall be bonded
together by an equipment grounding conductor. The size of the grounding conductor shall not be less than

the circuit conductors contained within the conduit.

15 Battery Charger Backfeed Protection

15.1

The requirements in this Section apply to battery chargers intended to charge portable equipment

or batteries for use with portable equment such as battery powered tools (dr|IIs saws, screwdrivers, and

similar tools),
cord and con

15.2 A battery charger shall be provided with a means to inhibit backfeed of current during

output circuit
provided) equ
in 54.9.

Exception No
with the charg

Exception No

16 Grounding Connections

16.1 Power
a) Af
b) Ap

c) Aj
and

d) Aq

16.2 A fixeg
are exposed

ector ora connector attached to or mtegral W|th the charger enclosure

The means of prevention shall protect each output and shall consist’of an o
ivalent to that specified in Table 12.2. The battery charger shall comply with the

1: A means of protection is not required when a specific_battery or battery pac
jer, does not exceed Class 2 parameters at any level of¢harge condition. See 6

2: A battery charger employing integral batteries.is not required to comply with

units required to comply with applicable 'grounding requirements are:
xed or stationary power unit;
ortable outdoor or commeteial power unit;

ortable power unit far use in a circuit involving a potential of more than 150 vo

ower unit provided with a grounding means, whether required or not.

power(unit shall be provided with a terminal or lead for grounding all dead mg
br aretlikely:

of an output

a fault in the
utput cord (if
est specified

k, to be used
.1.11.

15.1.

ts to ground;

tal parts that

a) To

etouched h‘,’ a-person fall |ring npnrntinn or ndjl 1Istment of the power ||ni1’; and

b) To

become energized through an electrical fault.

16.3 To determine if a part is likely to become energized, the following factors are to be evaluated:

a) The proximity of wiring;

b)

endurance test; and

c) The results of appropriate burnout tests.

The results of a dielectric voltage-withstand test after a test such as the overload or the
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16.4 The grounding connection shall be located so that it is unlikely to be removed during normal
servicing. The grounding connection shall penetrate any nonconductive coating, such as paint or vitreous
enamel, over the part to be grounded.

16.5 A wire-binding screw for the connection of a field-installed equipment grounding conductor shall
have a green colored head that is either hexagonal, slotted, or both. A pressure wire connector intended
for connection of such a conductor shall be plainly identified by:

a) A marking, such as "G," "GR," "GND," "Ground," "Grounding," or the like;
b) A wiring diagram attached to the power unit; or

¢) The-gre

The wire-binding screw or pressure wire connector shall be located so that it does-not require removal
during intended servicing of the unit.

Figure 16.1

Grounding symbol

16.6 The grounding) terminal shall be capable of securing a conductor of a size redquired for the
application irf accérdance with Column 2 of Table 17.2.

Exception: A—grounding terminal capable of securing a conductor of a size specified in 61.2.11 may be
used.

16.7 A soldering lug, a screwless (push-in) connector, a quick-connect, or other friction-fit connector
shall not be used. A sheet metal screw shall not be used to connect a grounding conductor or connection
device to an enclosure.

Exception: A quick-connect terminal may be used in conjunction with solder for securing the grounding
conductor.

16.8 A grounding conductor shall be a size specified in Column 2 of Table 17.2 or larger. A grounding
lead shall have a free length of at least 6 inches (152 mm), and the surface of the insulation shall be green
with or without one or more yellow stripes. No other lead in a field-wiring compartment or visible to the
installer shall be so identified.
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Exception: The color coding requirement does not apply to a Class 2 circuit when the low voltage leads or

terminals are

either:

a) Located remote from the line-voltage connections and the segregation complies with the
requirements in 23.1— 23.3; or

b) Specifically marked so that reference to a wiring diagram is not required.

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

16.10 The grounding conductor shall be connected to the grounding blade of a grounding attachment-

plug and sha
or stud, nut, g
the grounding

16.11 A gro
any other parj

Exception NQq.

reference grg
raceway, or o

Exception No
comply with t

16.12 A gro
in a power un

17 Bonding

17.1 Gener

17.1.1  If gn
energized by
means. See 1

17.1.2 Unin
electrically bg

be connected to dead metal parts within the frame or enclosure by means sug
nd lockwasher. An external force applied to the power supply cord shall notdran
connection on the frame or enclosure before the line-voltage connections‘are b

connected to earth ground shall not carry current except during an-electrical fad

1: A Class 2 or an isolated limited-energy circuit may._be connected to &
und. Current is not to be carried through the field-equipment-grounding conned
ther grounding means.

2: A line by-pass capacitive impedance circuit\for a radio frequency signal cin
nis requirement.

unded circuit conductor shall not be connected to any grounding or bonding cir
t.

of Internal Parts
Al

ounding is required>— see 16.1 — an exposed dead metal part that is likel
an electrical fatltyshall be bonded to the point of connection of the field-equipmsg
6.2 and 16.3.\See also Bonding Conductor Test, Section 57.

sulated-dead metal parts such as a cabinet, component enclosure, and cd
nded together if they might be contacted by the user or service personnel.

h as a screw
Emit stress to
roken.

unding connection, grounding conductor, enclosure, frame, component mouniing panel, or

It.
single-point
tion, metallic

cuit need not

tuit or device

to become
nt-grounding

ver shall be

Exception No

. 1: A metal panel or cover need not be bonded if it is either:

a) Insulated from electrical components and wiring by a barrier of vulcanized fiber, varnished cloth,
phenolic composition, or other moisture-resistant insulating material not less than 1/32 inch (0.8
mm) thick and mechanically secured in place;

b) Not likely to become energized because uninsulated live parts are enclosed and wiring is
positively separated from the panel or cover; or

c) Separated from live parts and wiring by a grounded or bonded interposing metal barrier or part
such that the metal barrier will be the first to be subjected to an electrical fault.

Exception No. 2: An internal dead metal part need not be bonded if it is marked as specified in 61.1.3.
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17.1.3 A metal part, such as an adhesive-attached metal marking plate, a screw, or a handle, located on
the outside of an enclosure or cabinet, need not be bonded if it is:

a) Isolated from electrical components and wiring by a grounded metal part so that it is not likely to
become energized; or

b) Separated from wiring and spaced from uninsulated live parts as if it were a grounded part.

17.1.4 In addition to the parts mentioned in 17.1.3, other parts not required to be bonded are small
internal assembly screws, rivets, or other small fasteners, a handle for a disconnect switch, and a relay or
contactor magnet and armature.

17.1.5 UniTsuIated live parts and wiring shall be separated from a moving or movable, part, such as a
relay or confactor armature, a panel, or a cover by clamping, positioning, or an equivalent means that
maintains pefmanent separation.

17.1.6 An internal connection for bonding an internal part to the enclosure may, employ a quick-connect
terminal of the dimensions specified in Table 17.1 if the connector is not likely to be displaced and the
component i$ limited to use in a circuit having a branch-circuit protective device rated 20 amperes or less.
A quick-connect terminal is not acceptable for a connection to be made in the field.

Table 17.1
Dimensions for quick-connect bonding terminal

Terminal dimensiopsginch (mm)
0.020 (0.51) by 0.1874(4.75) by 0.250 (6.35)
0.032 (0.81) by 0,187 (4.75) by 0.250 (6.35)
0.032 (0.81)/by 0.205 (5.21) by 0.250 (6.35)
0.032 (0,81) by 0.250 (6.35) by 0.313 (7.95)

17.2 Bonding conductor

17.2.1 Bonding shall be aeccomplished by a metal-to-metal contact of parts or by a separate bonding
conductor ag specified in 17.2:6.

17.2.2 A bgnding conductor shall be copper, copper alloy, or other acceptable material.

17.2.3 Ferrous “metal in the grounding path shall be protected against corrosion bly enameling,
galvanizing, pfating, or other equivalent means.

Exception: Corrosion protection is not required at electrical connections.

17.2.4 A separate bonding conductor:
a) Shall be protected from mechanical damage or located within the outer enclosure; and

b) Shall not be secured by a removable fastener used for a purpose in addition to bonding unless
the bonding conductor is not likely to be omitted if the fastener is removed and replaced as
intended.

A bonding conductor shall be in metal-to-metal contact with the parts to be bonded.
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17.2.5 A splice shall not be employed in a bonding conductor.

17.2.6 A separate component-bonding conductor shall either:
a) Be not smaller than the size specified in Column 2 of Table 17.2;
b) Be not smaller than the conductor supplying the component; or

c) Comply with the Bonding Conductor Test, Section 56.

Exception: This requirement does not apply to component bonding conductors complying with 17.2.7.

Table 17.2
Size pf circuit bonding, equipment-grounding, and grounding electrode condugtors
Column 1 Column 2 Column 3 Column 4
Minimum size of
grounding electrode Minimum size of output circuit
Mimimun size of equipment grounding or conductor AWG or kemil ¥ | bonding jumper]AWG or kcmil
bonding conductor AWG or kcmil (mm?)° (mm?) (mmf)sf
Rigid
. conduit | Electrical
Maximum or pipe | metallic
cur'rent Aluminum or | trade tubing, Aluminum or Aluminum or
rating® copper-clad size, |[trade size, copper-clad copper-clad
(amperes) | Gopper aluminum inch inch Copper aluminum Copper aluminum
15 14 (2.1) 12 (3.3) 1/2 1/2 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
20 12 (3.3) 10 (5.3) 1/2 1/2 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
60 1 (5.3) 8 (8.4) 1/2 12 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
90 8 (8.4) 6 (13.3) 1/2 1/2 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
100 8l (8.4) 6 (13.3) 1/2 1/2 6 (13.3)| 6 (13.3) 6 (13.3) 4 (21.2)
150 6] (13.3)| 4 (21.2) 1/2 1 6 (13.3)| 4 (21.2) 6 (13.3) 4 (21.2)
200 6| (13.3)| 4 (21.2) 1/2 1 4 (21.2)] 2 (33.6) 4 212) || 2 (33.6)
300 4 (21.2)| 2 (38.6) 3/4 1-1/4 2 (33.6)] 1/0 (53.5) 2 (33.6) || 1/0  (53.5)
400 3 (26.7)| 1 42.4) 3/4 1-1/4 1/0° (53.5)| 3/0° (85.0) | 1/0° (53.5) || 3/0° (85.0)
500 2l (33.6) | A10\" (53.5) 3/4 1-1/4 2/0 (67.4)| 4/0 (107.2)] 1/0 (53.5) || 3/0 (85.0)
600 1 (424)] 2/0 (67.4) 3/4 1-1/4 2/0 (67.4)| 4/0 (107.2)] 2/0 (67.4) || 4/0 (107.2)
800 1/9  (63.5)| 3/0 (85.0) 1 2 3/0 (85.0)| 250 (127) 2/0 (67.4) || 4/0 (107.2)
1000 2/ (67.4)] 4/0 (107.2) 1 2 3/0 _(85.0)| 250 (127) 3/0 (85.0) 11250 (127)
1200 3/0 (85.0)| 250 (127) 1 2 3/0 (85.0)] 250 (127) | 250¢ (127) | 250  (127)

NOTE - See Table 17.3 for equivalent area of bus.

@ Maximum ampere rating of the input circuit overcurrent protective device in 54.1.3 or the output circuit overcurrent protective
device described in 31.1 — 31.5.

® The equipment grounding conductor in the cord for a portable or stationary unit is able to be the same size as the current-carrying
conductors.

¢ When the wire terminal connectors for the input or output circuit conductors, as appropriate, are rated for two 3/0 AWG copper or
two 250 kemil aluminum conductors and do not accept a 600 kemil (304 mm?) conductor, these values may be reduced to 2 AWG
copper or 1/0 AWG aluminum.

9 The cross section is able to be reduced to 12.5 percent of the total cross section of the largest input or output circuit conductor, as
appropriate, of the same material (copper or aluminum) for any phase. This applies when the cross section of the circuit conductors
is limited by the wire terminal connectors provided.

Table 17.2 Continued on Next Page
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Table 17.2 Continued

Column 1 Column 2 Column 3 Column 4
Minimum size of
grounding electrode Minimum size of output circuit
Mimimun size of equipment grounding or conductor AWG or kemil | bonding jumper AWG or kemil
bonding conductor AWG or kcmil (mm?)° (mm?) (mm?)ef
Rigid
. conduit | Electrical
Maximum or pipe | metallic
cur.rent Aluminumor | trade tubing, Aluminum or Aluminum or
rating® copper-clad size, |trade size, copper-clad copper-clad
(amperes) [  Copper aluminum inch inch Copper aluminum Copper aluminum
¢ The bonding jimper for a stationary of portable unit is able 1o be the same SiZe as the current-carrying conauctors|of the output
circuit.
fThe bonding jimper for a permanently connected Class 2 or Class 3 output circuit is able to be the same sizé\as the current
carrying condugtors. The jumper shall not be smaller then 14 AWG for copper or 12 AWG for aluminum.
Table 17.3
Equivalent cross-sectional areas of wires and buses
Wire size Minimum cross section of bus
(AWG or kcmil) inch? (mm?)
8 0.013 (8.39)
6 0.021 (13.55)
4 0.038 (21.29)
3 0:041 (26.45)
2 0.052 (33.55)
1 0.066 (42.58)
0 0.083 (53.55)
2/0 0.105 (67.74)
3/0 0.132 (85.16)
4/0 0.166 (107.10)
250 0.196 (236.45)
17.2.7 If more thanyone size of branch-circuit overcurrent-protective device is used, the size of a
component-honding:conductor is to be based on the rating of an overcurrent-protective deyice providing
ground-fault protectlon for that component For a component |nd|V|duaIIy protected by a pranch circuit
overcurrent-p le power unit
circuit, a bonding conductor is to be S|zed on the basis of the component overcurrent-protective device
rating.
18 Identification for Connection of Grounded Conductors

18.1

provided, and as specified in 18.2 (a) — (c):

a) 120 volts, 2-wire;

b) 120/240 volts, single-phase, 3-wire;

c) 208Y/120 volts, two-phase, 3-wire;

A unit rated as follows shall have the grounded conductor connected to the components, when
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d) 208Y/120 volts, three-phase, 4-wire;

e) 480Y/277 volts, three-phase, 4-wire in which the neutral is used as a circuit conductor;

f) 240/120 volts, three-phase, 4-wire in which the midpoint on one phase is used as a circuit

condu

ctor; or

g) 240 or 480 volts, three-phase, 3-wire, corner-grounded delta.

18.2 The following components, when provided, shall be connected to the grounded conductor of a unit
rated as shown in 18.1:

a) Thed

b) Th

c) The screw shell of an Edison-base fuseholder.

The grounde
connection o
connection o
connected to
A single-pole

marked "off" position, shall be connected to the ungrounded conductor. See also 28.11.

Exception: T
under the corn

19 Wire Be

19.1 A per
circuits shall

conductors, including grounding conductors, required by the installation.

19.2 The c(

sized in accofdance with 12.2.2:

19.3 Wireb

a) Pre

b screw shell of an Edison-base lampholder; and

 conductor of a fixed unit shall be connected to the field-wiring*terminal inte
f a grounded conductor or shall be connected to the fieldswiring lead inte

a grounded conductor. The grounded conductor of a stationary or portable
the blade of the attachment plug intended for connection'to the grounded supp
switch or single-pole overcurrent protective device, ather than an automatic con

ne grounded conductor may be connected-to' a single-pole overcurrent prof
ditions described in Exception No. 2 of 29.5:

nding Space
manently connected unit employing pressure terminal connectors for field o
pe provided with space within'the enclosure as specified in 19.3 — 19.7 for the

nductor size used~in“evaluating the wiring space shall be based on the use of

ending space for field installed conductors shall be provided opposite any:

ssurewire connector as specified in 19.4 or 19.5; and

b) O

propriate;

nded for the
nded for the
unit shall be
ly conductor.
trol without a

bctive device

onnection of

nstallation of

a conductor

ENaWa
TJ.J
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19.4 When a conductor is intended to enter or leave the enclosure surface opposite its wire connector,
the wire bending space shall be as specified in Table 19.1. When there is an opening or knockout for a
wireway or conduit in a top, back, bottom, or side surface, this wire bending requirement applies.
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Table 19.1

Minimum wire-bending space for conductors through a wall

Wire size, AWG or

Wires per terminal (pole)?

1

2

3

4 or more

kemil (mm?) inches [inches] (mm) |inches [inches] (mm) |inches [inches] (mm) |inches [inches] (mm)
14-10 (21- Not Specified - - -
AWG 5.3)
8 ®4) | 1-172 (38.1) - - -
6 (133) | 2 (50.8) - - -
4 @1.1) | 3 (76.2) - - -
3 ed7) | 3 (76.2) - - -
2 ade) | 3112 (88.9) - - -
1 “d4) | 412 (114) - - -
0 545) | 5-1/2 (140) | 5-1/2 7 (@79 -
20  (614) | 6 (152)| e 7-112 (191) -
3/0 @©d0) | 612 [P (165) | 612  [12F (165)| 8 (203) -
4/0 (107) 7 P (179) | 712 [-12F  (191) | 812 (2P (216) -
250  (127) | 812 2P  (216)| 812  [21° (216)| 9 P (229)| 10 (254)
kemil
300 (182) | 10 BF  (254)| 10 2P (254) 11 P (279)| 12 (305)
30  (117) | 12 BF  (305)| 12 BF  (305)] 13 BF  (330)| 14 2P  (355)
400  (203) | 13 BF  (330)| 13 B ~((330) | 14 B  (355)| 15 BF  (381)
500 (2%3) 14 [317 (355) 14 [3]2 (335) 15 [317 (381) 16 [317 (406)
600  (304) | 15 BF  (381)| 16 Bl (406)| 18 BF  (457)| 19 BF  (483)
700  (3%5) | 16 BF  (406) | 18 BF  (@457)| 20 BF  (508) | 22 BF  (559)
750  (380) | 17 BF  (432) ] ~fo BF  (483)| 22 BF  (559) | 24 BF (610
800  (405) | 18 @57) [N 20 (508) | 22 (559) | 24 (610)
900  (486) | 19 (483) | 22 (559) | 24 610) | 24 (610)
1000 (507) | 20 (508) - - -
1250  (633) | 22 (559) - - -
1500  (760) | 24 (610) - - -
1750  (886) | 24 (610) - - -
2000  (10013) | 24 (610) - - -

NOTE — The table\includes only those multiple-conductor combinations that are most commonly used. Combination|

are able to be evaluated.
@ Wire bending spaces are able to be reduced by the number of inches shown in brackets under the following conditions:

5 not specified

1) Only removable or lay-in wire connectors receiving one wire each are used (more than one removable wire connector

per terminal is able to be provided); and

2) The removable wire connectors are able to be removed from their intended location without disturbing structural or

electrical parts other than a cover, and are able to be installed with the conductor in place.

19.5 When a conductor is not intended to enter or leave the enclosure surface opposite its wire
connector, the wire bending space shall be as specified in Table 19.2. The wire bending space complies
with Table 19.2 when:

a) A barrier is provided between the connector and the opening; or
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b) Drawings are provided specifying that the conductors are not to enter or leave the enclosure
directly opposite the wire connector. See lllustrations A, B, and C of Figure 19.1.

Table 19.2
Minimum width of gutter and wire-bending space for conductors through a wall not opposite

terminals in inches (mm)

Wires per terminal (pole)

Size of wire, AWG or kcmil 1 2 3 4 5
(mm?) inches (mMmM) | inches (mm) | inches (MmM) | inches (MM) | inches (mm)

14-10 AWG 2.4-5.3) Not-Specified _

8-6 84-133) | 112 (38.1) - - - -

4-3 211-267)| 2 (50.8) - - - -

2 (33.6) 212 (63.5) - - - -

1 (42.4) 3 (76.2) - - \ -
110-2/0 (53.5-67.4)| 3-1/2  (88.9) 5 (127) 7 (178) - -
3/0-4/0 [85.0-107) | 4 (102) 6 (152) 8 (203) - -

250 kemil (127) 412 (114) 6 (152) 8 (203} 10 (254) -
300-350  [(152-177) 5 (127) 8 (203) 10 (254) 12 (305) -
400-500 |203-253) | 6 (152) 8 (203) 10 (254) 12 (305) 4 (356)
600 — 700 (304 — 355) 8 (203) 10 (254) 12 (305) 14 (356) 6 (406)
750-900 |(380-456) | 8 (203) 12 305 A 14 (356) 16 (406) 8 (457)
1000-1250 (507 -633) | 10 (254) - - - -

1500 -2000 {760 —1010) 12 (305) < — - —

NOTE - The tafjle includes only those multiple-conductoreombinations that are most commonly used. Combination$ not specified
are able to be eyaluated.
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Figure 19.1

Wire bending space
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D, is the distanice between)a wire connector or an adjacent barrier and the opposite wall that conductors are |ntended to pass
through.

D, is the distange .betwéen a wire connector or an adjacent barrier and the opposite wall or barrier that conductors alle not intended to
pass through.

D; is the width of a wiring gutter having a side through which conductors are intended to pass through.

@ A conduit opening or knockout is provided in the wall opposite the terminal lugs. D4 shall not be less than the minimum wire bending
space specified in Table 19.1.

b A conduit opening or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. The wall opposite the
terminal lugs either is not provided with a knockout or conduit opening or a marking is provided indicating that the conduit opening or
knockout is not to be used. D, shall not be less than the minimum wire bending space specified in Table 19.2.

¢ A conduit opening or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. In addition, a conduit
opening or knockout is provided in the wall opposite the terminal lugs, however, a barrier preventing the use of the opening is
provided. D, shall not be less than the minimum wire bending space specified in Table 19.2.

9 When a barrier or other means is provided restricting bending of the conductor, the distance D, or D,, as appropriate (see notes 1 —
3 above) is to be measured from the end of the barrier.

¢ A conduit opening or knockout is provided in a wiring gutter. The width of the gutter, D3, shall not be less than the minimum wire
bending space specified in Table 19.2.
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19.6 When a conductor is restricted by a barrier or other means from being bent where it leaves the
connector, the distance shall be measured from the end of the barrier. See illustration D of Figure 19.1.

19.7 For a unit not provided with a conduit opening or knockout, the minimum wiring bending space
specified in 19.4 — 19.6 shall be based on:

a) Any enclosure wall intended to be used for installation of the conduit; or

b)

furnished with the unit.

Only specific walls that are to be used as determined by a marking, drawing, or template

19.8 The distance specified in 19.3 — 19.5 shall be measured in a straight line from the edge of the wire

terminal close
Figure 19.1. ]
close to perp)
provided to
connector, o
measuremen
terminal is pr
shall be meag

19.9 The w

accommodat¢ (with respect to bending) conductors of the maximum size associated with tf

The values (
knockout, ar
illustration E

Exception: TH
a) Kn

b) Th
in que

c) The
wiring

20 Output (

20.1 There
units and of

st to the wall in a direction perpendicular to the box wall or barrier. See illustrat]
[he wire terminal shall be turned so that the axis of the wire opening in thé)co
endicular to the wall of the enclosure as it is able to assume without defeatin
revent turning, such as a boss, shoulder, walls of a recess, multiple "bolts

similar means. A barrier, shoulder, or similar means shall be disregardg

pvided with one or more connectors for the connection of conductors in multiple
ured from the wire opening closest to the wall of the enclosure:

dth of a wiring gutter in which one or more knockouts are provided shall be lar

f the minimum required width of a wiring gutter, with respect to conductor
the same as the values of minimum required bending space given in Tab

f Figure 19.1.

e wiring space may be of less width when:
bckouts are provided elsewhere.that are in compliance with these requirements;

B wiring space at such other-point or points is of a width that accommodates th
stion,; and

b knockout or knoekatits at such other points are able to be conveniently used in|
of the unit.

Circuit Grounding

quirements for circuit grounding specified in 20.2 — 20.12 apply to the output G
units” having standard configuration grounding type receptacles for the outp

ons A—-C of
nnector is as
J any means
securing the
d when the

is being made, when it does not reduce the radius to which the'wire must be bbent. When a

the distance

je enough to
at knockout.
s entering a
e 19.2. See

e conductors

the intended

ircuit of fixed
ut ac power

connections.

20.2 An output ac power circuit shall be grounded when:

a)

conductor, to supply conductors originating in another wiring system;

b) The circuit is rated 50 — 600 volts; and

The circuit has no electrical connection, including a solidly connected grounded circuit

c) The circuit is as described in (1) — (3). See requirements for Alternating-Current Circuits and
Systems to Be Grounded in the National Electrical Code, ANSI/NFPA 70, for other circuits:

1) A circuit that is grounded so that the maximum voltage to ground on the

ungrounded

conductors does not exceed 150 volts. This requires that one conductor of each of the

following circuits be grounded:
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i) 120 volts, 2-wire;

ii) 240/120 volts, single-phase, 3-wire;
ii) 208/120 volts, two-phase, 3-wire;
iv) 208/120 volts, three-phase, 4-wire.

2) A circuit nominally rated 480 wye/277 volts, 3-phase, 4-wire in which the neutral is used
as a circuit conductor.

3) A circuit-nominally rated 240/120 volts, 3-phase, 4-wire in which the midpoint of one
phase is used as a circuit conductor.

For other unis, an output ac power circuit complying with (a) is able to be grounded when/th¢ construction
complies with the requirements described in 20.3 and 20.11.

20.3 With reference to 20.2, the conductor to be grounded shall be as follows:
a) Single-phase ac system, 2-wire — one conductor.
b) Single-phase ac system, 3-wire — the neutral conductor.

c) MIItiphase ac system having one wire common to allphases — the common condugtor.

d) Miiltiphase ac system where one phase is used as.in (b) above — the neutral conddyctor.

20.4 An oufput dc power circuit shall be grounded when:

a) The circuit has no electrical connection, including a solidly connected grounded circuit
condyctor, to supply conductors originating in another wiring system;

b) The circuit is intended to extend;to premises wiring; and
¢) The circuit is as described in(1) or (2):
1) Two wire rated)from 50 to 300 volts.

2) Three wite:

20.5 With reference-to 20.4, the conductor to be grounded shall be as follows:

a) Twowire dc system — one conductor.

b) Three wire dc system — the neutral conductor.

20.6 An output ac power circuit rated less than 50 volts shall be grounded when:

a) The circuit has no electrical connection, including a solidly connected grounded circuit
conductor, to supply conductors originating in another wiring system;

b) The circuit is intended to extend to premises wiring; and
¢) The circuit is supplied by a transformer where the transformer primary circuit:
1) Exceeds 150 volts to ground; or

2) Is ungrounded.
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20.7 With reference to 20.6, the conductor to be grounded shall be one of the output circuit conductors.

20.8 With reference to 20.6, when the primary circuit to the transformer is derived from the secondary of
another transformer, that circuit shall either be:

a) Grounded in accordance with 20.9 and 20.10;

b) Evaluated as being ungrounded; or

c) Ungrounded.

20.9 Grounding of the circuits specified in 20.2 — 20.8 shall be made by a bonding jumper connected

between the
grounding co

Exception: TH

a) Afl
and id
Jjumpe

b) A

20.10 The s
not less than

20.11 A fixq
the grounding
20.9 (a) and (

a) C4g
specif

b) Md

20.12 For &
12.2.12 and

conductor 10 be grounded and dead metal parts that are grounded via th
nductor.

e following provisions may be made so that the circuit is able to be grounded in

eld-wiring terminal intended for use with a conductor size specified’in Column 4
entified in accordance with 12.2.12 or 12.2.13 shall be connegted to the circuit
y of a size not less than specified in Column 4 of Table 17.2; and

e equipment

he field:

of Table 17.2
by a bonding

marking identifying the circuit as a separately derived §ource and referencing the instruction
manudl in accordance with 61.2.13.

ize of the bonding jumper specified in 20.9 shall.be, based on the current rating
he value specified in Column 4 of Table 17.2:

d unit shall be provided with a terminalthat complies with 12.2.3 — 12.2.9 for ¢
electrode conductor to the metal enclosure or equipment grounding conductor
b). The terminal shall be:

pable of securing a conductor size, based on the maximum current rating of t
ed in Column 3 of Table17.2; and

rked as described.in-61.2.14.

unit havingta polarized receptacle, lead, or terminal identified as a grounde
2.2.13) that\is not grounded at the unit itself because of an electrical connect

conductors o
shock shall n
this requirem

[iginating in another wiring system [see 19.2(c)(1), 19.4(c), and 19.6(c)], a ri
bt exist-between ground and the grounded circuit contact, terminal, or lead. Cor
bnt'shall be determined by the test specified in 53.1.

of the circuit,

onnection of
described in

he circuit, as

j circuit (see
on to supply
sk of electric
npliance with

Exception: The test described in 53.1 is not required when the input neutral and output neutral conductors
are solidly connected together, that is, no electronic components connected between the neutral
conductors.

21 Live Parts

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

21.2 Aluminum may be used as a current-carrying part if determined to be acceptable with respect to
heating, oxidation, and connection of dissimilar metals. A connection between aluminum and a dissimilar
metal in which corrosion can occur shall be evaluated by the heat-cycling test specified in the Standard for
Wire Connectors, UL 486A-486B.
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21.3 Plated iron or steel may be used for a current-carrying part:

a) If acceptable in accordance with 2.1;

b) Within a motor, or associated governor; and

c) In

a secondary circuit rated 42.4 volts peak (30 volts rms), 60 V dc, or less.

Stainless steel and other corrosion-resistant alloys may be used for current-carrying parts regardless of

temperature.

21.4 Friction between surfaces is not acceptable as a means to prevent shifting or turning of a live part,

but a properl

215 Alive
(3.2 mm) an
15°C (27°F
(149°F).

Exception: A
recessed an
may be acce

22 Interna

22.1 Gene

2211 Unl
equipment-g
when consid

a)Th

b) Ex
the in

c) Oth

22.1.2 If th
electrical ins
subjected to

y applied IOCK Washer IS accepilable.

screwhead or nut on the back of a base or panel is to be countersunk not.less

higher than the normal operating temperature of the component, but not le

part that is staked, upset, or otherwise reliably prevehted from loosening
) may be insulated from the mounting surface by material-other than sealing ¢
ptably spaced.

Wiring
al

bss it is to be judged as an uninsulated live part, insulated internal wiring —
rounding conductor — shall consist of wire of a type or types acceptable for th
bred with respect to:

b temperature and voltage to which the wiring is likely to be subjected;

bosure to oil, grease, cleaning fluid, or other substances likely to have a deleter
sulation; and

er conditions\of service to which it is likely to be subjected.

e use of‘a short length of insulated conductor, such as a short coil lead, is
Lilating* tubing may be used on each conductor. The tubing shall be located sd
sharp bends, tension, compression, or repeated flexing, nor to contact with

than 1/8 inch

i covered with a waterproof, insulating sealing compound that will natymelt at a temperature

5s than 65°C

need not be
bmpound or it

including an
e application,

jous effect on

not practical,
as not to be
sharp edges,

projections, or corners. The tubing shall not be used in wet locations. The wall thickness shall comply with
the requirements for the tubing as a component.

22.1.3 The length of power supply cord inside a power unit shall be limited to that needed for electrical

connections.

22.1.4 Flexible-cord jacket 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 22.1.1;

b) The individual conductors are supported in a manner positively separating them from live and

dead

metal parts; or
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c) Supplementary insulation equivalent to that required by 22.1.1 is provided on each individual
conductor.

22.2 Protection of wiring

2221

Internal wiring shall be protected if, when judged in accordance with 8.1, it is accessible.

Exception: Internal wiring need not be protected if it is located and secured within the enclosure so that it is
not likely to be subjected to stress or mechanical damage.

22.2.2 Wires within an enclosure, compartment, raceway, or the like shall be located or protected to

prevent cont
insulation.

22.2.3 Ahg
power unit sh
abrasion of th

'y H N lo pu | I £: H oy +lo Ll tlo ot <l 4
LU VWILT ally olidary UUHU, Yurt, 1T, IIIUVIIIy parL, Ul uic 1TIRT triat vudrl ualllayc U

e through which insulated wires pass in a sheet metal wall within the-overall e

e insulation.

22.3 Electrical connections

22.31 Alu
interconnecti
by a method

22.3.2 With
device shall
temperature,

22.3.3 Asp
2234 Aso
Exception: A
any further m

such as bend|

2235 A's
permanent s

!

minum conductors, insulated or uninsulated, used- as internal wiring,

cceptable for the combination of metals involved.at the connection points.
reference to 22.3.1, a wire-binding screw ar.a pressure wire connector used as
be acceptable for use with aluminum “under the conditions involved —
heat cycling, and vibration.

ice or connection shall be mechanically secure and shall make acceptable elect
dered connection shall be mechanically secured before being soldered.

wave- or lap-solder.connection to a printed-circuit board is considered accep
lechanical security~A hand-soldered connection shall be mechanically secured

ing or the equivalent, prior to being soldered.

plice shall be provided with insulation equivalent to that of the wires inv
acings are maintained between the splice and other metal parts.

e conductor

nclosure of a

all be provided with smooth, rounded surfaces upon which the wires'may bear, to prevent

such as for

n between current-carrying parts or in a component'winding, shall be terminated at each end

B terminating
or example,

ical contact.

fable without
by a means

blved unless

Exception: This requirement does not apply fo a splice within a coil winding.

22.3.6 A splicing device such as a pressure wire connector may be employed if it provides mechanical
security and insulation acceptable for the voltage and temperature to which it is subjected.

22.3.7 If the voltage involved is less than 250 volts, insulation consisting of two layers of thermoplastic
tape, of two layers of friction tape, or of one layer of friction tape and one layer of rubber tape that has
been investigated and found acceptable may be used on a splice. In determining if splice insulation
consisting of coated fabric, thermoplastic, or other tubing is acceptable, consideration is to be given to
such factors as its electrical and mechanical properties and its flammability. Thermoplastic tape wrapped
over a sharp edge is not acceptable.

22.3.8 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose
strands of wire will be prevented from contacting other live parts not always of the same polarity as the


https://ulnorm.com/api/?name=UL 1012 2021.pdf

MARCH 30, 2021 UL 1012 47

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 acceptable means.

22.3.9 An open-end spade lug is not acceptable unless an additional means, such as upturned ends on
the lug, or bosses or shoulders on the terminal, is provided to hold the lug in place if the binding screw or

nut loosens.

23 Separation of Circuits

23.1 Factory wiring

23.11 Insytated—conductors—of-different—circtits (ccc 2312) withit—a un;t, ;llu:udilly wires in a terminal
box or compartment, shall be either separated by barriers or segregated and shall beSe|separated or
segregated ffom uninsulated live parts connected to different circuits.

Exception: When each insulated conductor is provided with insulation rated for'th€ highest of the circuit

voltages, no

23.1.2 For
a) Cir
b) Cir
c) Cir
d) Inp
e) AG
f) AC
9)AG

Exception: P
or similar cor

barrier or segregation is required.

he purpose of the requirement in 23.1.1, different circuits include:

Cuits connected to the primary and secondary windings<of an isolation transform
cuits connected to different isolated secondary windings of a multi-secondary trg
cuits connected to secondary windings of different transformers;
ut and output circuits of an optical isolater;

input power and output ac power cikCuits;

input power and dc power circuits; and

output power and dc power circuits.

pwer circuits spegified in (e), (f), and (g) that are derived from the taps of an au
nponents which do not provide isolation are not different circuits.

er;

nsformer;

totransformer

23.1.3 Segfegation methods which satisfy 23.1.1 include clamping, routing, or an equivalent means that
maintains pgrmanent_separation from insulated and uninsulated live parts and from compductors of a
different circTit.

23.1.4 An insulated live part is able to touch any insulated or uninsulated live part of the same circuit

when one of

the live parts is insulated for the higher potential.

23.2 Separation barriers

23.2.1

supported and reliably held in place to prevent displacement, and it shall be:

A barrier used to provide separation between the wiring of different circuits shall be mechanically

a) Grounded metal with a minimum thickness as specified for small surfaces in Table 7.1; or

b) Insulating material complying with 35.3.1 of such thickness such that deformation does not occur
to defeat its purpose.
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23.2.2 A barrier used to provide separation between field wiring of one circuit and field or factory wiring
or uninsulated live parts of another circuit shall be spaced no more than 1/16 inch (1.6 mm) from the
enclosure walls and interior mechanisms, component-mounted panels, and other parts that serve to

provide separated compartments.

23.3 Field wiring

23.3.1

A unit shall be constructed so that a field-installed conductor of a circuit is capable of being

separated as specified in 23.3.2 or separated by barriers as specified in 23.2.1 and 23.2.2 from:

a) Factory-installed conductors connected to any other circuit, where the conductors are not
insulated for the field-wiring voltage rating.

b) An
with it
to per:

c) Fiel
3,orb

Exception: A
different circy
are Class 2 o

23.3.2 Sep
uninsulated li
enclosure for,
the conducto
determining
service inclug
average careg
compartment
Class 3 cond
accordance W

23.3.3 With
minimum req
terminals, it s

uninsulated live part of another circuit, and from an uninsulated live part wher
results in a risk of fire, electric shock, electrical energy involving high current le
EONS.

d-installed conductors connected to any other circuit unless both ciretits are Cla
oth circuits are other than Class 2 or Class 3.

field-installed conductor is not required to be separated)from a field wiring
it when the field wiring is insulated for the maximum wvoltage of either circuit ang
r Class 3.

bration of a field-installed conductor from another field-installed conductor,
Ve part connected to another circuit, is able-té’be accomplished by locating an 9
the conductor opposite to the conductor terminal so that, when the installation
rs and parts of different circuits are;;separated by a minimum of 1/4 inch
Yhether a unit having such openings' complies with this requirement, it is to b
ing 6 inches (152.4 mm) of slack in each conductor within the enclosure. N
is to be exercised in routing-the wiring and stowing the conductor slack in
Provisions for maintaining.a minimum 1/4 inch spacing between field-installe
uctors and power, light,~er Class 1 conductors are able to be in the form of
ith 61.2.19.

reference to 23.8.2, when the number of openings in the enclosure does no
Lired for the-proper wiring of the unit, and when each opening is located opp
hall be assimed that a conductor entering an opening connects to the terminal

opening. Wh

n
entering an oTyening other than the one opposite the terminal to which it is intended to be cq

the likelihood| of.it contacting insulated conductors or uninsulated current-carrying parts co

more-than the minimum number of openings are provided, the possibility of

short circuit
els, or injury

ss 2 or Class

terminal of a
both circuits

and from an
pening in the
is complete,
6.4 mm). In
e wired as in
0 more than
fo the wiring
d Class 2 or
a marking in

t exceed the
psite a set of
ppposite that
a conductor
nnected and
nnected to a

different circu

24

241

it, are to be investigated.

Insulating Materials

A barrier or integral part, such as an insulating washer or bushing, and a base or a support for

mounting live parts, shall be moisture-resistant material that is not adversely affected by the temperature
and stresses to which it is subjected under conditions of use.

24.2 Insulating material is to be judged with respect to its acceptability for the application. Materials such
as mica, some molded compounds, and certain refractory materials are usually acceptable for the sole
support of live parts. If an investigation is necessary to determine whether a material is acceptable,
consideration is to be given to:
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a) Its mechanical strength, resistance to ignition, dielectric strength, insulation resistance, and
heat-resistant qualities, in both the aged and unaged conditions;

b) The degree to which it is enclosed; and

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

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

24.3 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not as sole support for uninsulated live parts.

25 Motors

25.1 A mot

Exception: A
protected ag

252 Theo

a) Th
Prote|

b) Im

Motoids, UL 1004-2; or

c) Prg

25.3 A shd
currents and
have accepts

26 Transfdrmers

26.1 Gene
26.1.1
and baked,
identified as

A transformer)coil, unless inherently moisture resistant, shall be treated with an insu

motor that is used for air-handling only — direct drive blower or.ventilating f
hinst locked-rotor conditions but need not be protected against.overload conditio

ermal protection complying with the applicable requirements in the Standard fo
ction for Motors, UL 2111 or the Standard for Thermally Protected Motors, UL 10

bedance protection complying with the requirements in the Standard for Impeda

tection equivalent to that specified in(a).

ded-pole motor having a difference of 1 ampere or less between no-load andg
having a 2 to 1 or smaller ratio between locked-rotor and no-load currents is
ble overload protection jfitis protected against locked-rotor conditions only.

al

pr otherwise impregnated to exclude moisture or acid vapor. Film-coated m
moistdre resistant.

erload protection required by 25.1 may be accomplished by-one of the followind:

br shall be protected from overheating due to overload and locked-rotor ¢onditions.

an — is to be
ns.

- Overheating
04-3;

hce Protected

locked rotor
considered to

lating varnish
agnet wire is

26.1.2 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.

26.1.3 A transformer shall be of the isolating type and comply with 26.1.4 when it supplies:

a) LVLE circuits which exit the enclosure; or

b) Accessible signal circuits as described in Section 37, Accessible Signal Circuits.

The acceptability of an insulation system in a transformer used to supply circuits other than noted in (a) or
(b) is to be determined by the applicable abnormal tests specified in 54.1, 54.2, 54.7, and 54.10.
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26.1.4 A transformer used where isolation is required, in accordance with 26.1.3, shall have its windings
electrically isolated from separate windings and shall be constructed as specified in 26.2.1 — 26.2.4 so that
there is no electrical connection — under normal and overload conditions — between the primary and
secondary windings, between the primary winding and the core, or between separate adjacent secondary
windings, when such connection results in a risk of fire or electric shock.

26.1.5 With reference to the requirement in 26.1.4, a transformer complying with the requirements in one
of the following standards meets the intent of this requirement:

a) The Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, and
the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-
3

b) Thg Standard for Class 2 Power Units, UL 1310; or

c) The Standard for Transformers and Motor Transformers for Use in- Audio-, |[Radio-, and
Televigion-Type Appliances, UL 1411.

26.2 Coil insulation

26.2.1 A transformer winding including the start, all taps, finish, and crossover leads up to the point
where insulated leads are provided shall be constructed, when used,‘@s specified in Table 26./1

—

Table 26.1
Transformer insulation
Insulation required Type of insulation
1. Insulatipn between the primary wires of opposite polarity and between secondary a,b,c,d,ori
wires of opposite polarity having a potential greater than 30 volts, rms (42.4 volts
peak)
Insulatipn between the primary and any secondary winding a,b,c,d, ri
Insulatipn between any winding or lead.connections and dead metal parts b,c,d, e, f,prg
4. Insulatipn between the crossover leads and (1) the turns of a different winding, (2) a, d, e, g, orh (Sge alsoj)
the metgal enclosure of a unit,/or\(8) the core

a) Electrical grgde paper that is waxed or otherwise treated to retard the absorption of moisture and that has a total fhickness of
not less than 0.p28 inch (0.71.mm):

b) A thermoplagtic or thermoset coil form not less than 0.028 inch thick.

c) A generic mgterial having a thickness equivalent to 0.028 inch vulcanized fiber in accordance with 35.3.5, or othef material
equivalent to nqte (&) or'(b) where the material has a minimum dielectric breakdown strength of 5000 volts for the th|ckness used
as determined Iy\the test described in Tests on Insulating Materials, Section 44.

d) Spacings specified in either Table 35.2, when applicable, or Table 26.2 are able to be used in place of the specified insulation.

e) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a total thickness of not less than
0.013 inch (0.33 mm) when used in conjunction with an air spacing of one-half that specified in note (d).

f) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a total thickness of not less than
0.028 inch when the insulation is in contact with the enclosure.

g) A generic material having a thickness equivalent to that specified in notes (e) and (f) in accordance with 35.3.5, or other
material equivalent to notes (e) and (f) where the material has a minimum dielectric breakdown strength of 2500 volts for the
thickness used for note (e) and 5000 volts for the thickness used for note (f) as determined by the test described Tests on
Insulating Materials, Section 44.

h) Any type and thickness of insulation, or a through air spacing less than that specified in Table 26.2, is able to be used between a
crossover lead and the winding to which it is connected when the construction complies with either of the following:

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Insulation required

Type of insulation

j) Any type and
crossover leadland:

2) The coil withstands the induced potential described in 43.2.

Magnet wire alone shall not be used as insulation (see 35.1.8).

1) The coil withstands the appropriate dielectric withstand potential described in 43.1. The potential is to be applied
between the coil leads with the crossover lead cut at the point where it enters the inner layer.

i) An insulation system consisting of N multiple layers of any thickness when all possibilities of N minus 1 layers withstand, for one
minute, double the test potential specified in the Dielectric Voltage Withstand Test, Section 43, applied using electrodes as
described in 44.2."N" shall be 3 minimum of 2 layers

b metallic enclosure; and

P core.

b secondary winding to which the cross over lead is connected;

thickness of insulation in addition to the magnet wire coating is able to be used between a LVLE 'se¢ondary

Table 26.2
Spacings within a transformer

Minimum spacing through air and over surface between any uninsulated live
part and an‘uninsulated live part of opposite polarity, or the core®

Greater than 600

See Table 35.2

Potentfial involved, volts Inch (mm)
0-50 3/64 (1.2)

Greater than 50 to 125 1/16 (1.6)
Greatgr than 125 to 250 3/32 (2.4)
Greatgr than 250 to 600 1/4 (6.4)

2 Includes turn

5 of a coil having'a,magnet wire coating.

NOTE — This tlable applies only torfransformers that are treated with an insulating varnish and baked or otherwise i

hpregnated.

26.2.2 Insy
risk of live p
Accessibility

lating-material, such as outer-wrap and crossover-lead insulation, employed
arts \from becoming accessible through openings in the outer enclosure in acq
of*Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section 8, sha

o reduce the
ordance with

| comply with

note (a) or (c

) of Table 26.1.

26.2.3 A flanged bobbin-wound transformer shall be constructed so as to maintain physical separation
between the primary and secondary windings. Physical separation shall be accomplished by employing a
3-flange bobbin for winding the primary and secondary windings adjacent to each other or using a
telescoping bobbin construction with each section containing an individual winding 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 note (a), (b), (c), or (d) of Table 26.1.

Exception No. 1: 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, may be used when:

a) The tape insulation complies with note (a) or (c) of Table 26.1;
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b) The tape insulation provides a continuous 1/32 inch (0.8 mm) overlap on the bobbin flanges; and

c¢) The transformer complies with the tests described in the Flanged Bobbin Transformer Abnormal
Test, Section 55 (see 26.2.4).

Exception No. 2: A 2-flange bobbin having the primary winding wound over the secondary winding, or the
secondary winding wound over the primary with the primary winding insulated from the secondary winding
by means of tape insulation, may be used when:

a) The tape insulation complies with note (a) or (c) of Table 26.1;

b) The coils are layer wound; and

c) All \lvindings have end turns retained by a positive means and the spacing between

of the

Exception No
UL 1310; the
Low Voltage
Transformers|

meets the intgnt of this requirement.

Exception N
employing m
insulating de
Evaluations,
and the Stand

26.2.4 With
55 is not requ

a)ls s
with 6|
b) Cor
27 Resisto
271 The ag

prevented fro

primary and secondary windings comply with Table 26.1(d).

3: A transformer complying with the requirements in the Standard fer-Class 2
Standards for Low Voltage Transformers — Part 1: General Requirements, UL
Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3; or the
and Motor Transformers for Use in Audio-, Radio-, and Television Type Appliang

. 4: Physical separation of the primary and secondary windings is not requ
ultiple layered wire which has been evaluatéd ‘to the requirements for n
vices and materials of the Standard for Peolymeric Materials — Short Te
/I 746A, the Standard for Polymeric Materials — Long Term Property Evaluatio

reference to Exception No. 1(c) t0\26.2.3, the Flanged Bobbin Transformer Teg
ired when the transformer:

13; or

hplies with the requirements in 36.5 — 36.13.
S

sembly.of a power resistor such as a wire-wound type requiring a separate suy
M loosening or rotating by means other than friction between surfaces.

Jard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 7460,

end margins

Power Units,
5085-1, and
Standard for
es, UL 1411,

red for units
iscellaneous
rm Property
hs, UL 746B,

st of Section

upplied from a LVLE circuit.invaccordance with 6.15, or a limited energy circuit in accordance

port shall be

27.2 An assembly employing lock washers may be considered to comply with the requirement in 27.1.

28 Switches and Controls

28.1

circuit that it controls when the power unit is operated in its intended manner.

A switch or other control device shall have current and voltage ratings not less than those of the

Exception: A switch or other control device not having an inductive rating that is connected in a
transformer secondary circuit of 50 volts rms or less and that complies with the requirements for Overload
of Switches and Controls, Section 48, need not comply with this requirement.

28.2 A primary-circuit switch that controls an inductive load having a power factor less than 75 percent,
such as a transformer or some ballasts and that does not have an inductive rating, shall be rated not less
than twice the full-load current rating of the load, or the switch shall be investigated for the application.
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28.3 Unless acceptably rated, a switch or other device that controls a motor and is not interlocked so that
it will not break the locked-rotor motor current shall be subjected to the overload test required by 48.3 and
described in 48.4.

28.4 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 a tungsten-filament-lamp current rating and rated 3 amperes or more may
be used to control a 15-watt or smaller lamp.

28.5 A fixed power unit that is mtended for connection to more than one source of supply shall be
provided with—ohe—m d C breaker, set of
contacts, or the like) of an |nd|cat|ng type for each source of supply enterlng the power unitthat involves a
risk of electric shock or electrical energy-high current levels. If more than one such discenmpect switch or
other controllis provided on the power unit, all of the following conditions shall apply:

a) Alljsuch devices shall be grouped together;
b) Eath device shall be marked to identify its function;

c) Th
switcl

re shall be a prominent and permanent marking with the ‘group of devices t¢ indicate the
es and controls that must be off to completely disconnéct the power unit.

Exception: Al clock or timing device on or remote from the power unit may remain energized if there is a
marking indigating that the clock remains energized while the-power unit is off.

28.6 Both the "on" and "off" positions of the disconniect control devices mentioned in 28.5 and of the
main disconnect switch on portable or stationary_equipment, if provided, are to be marked with the words
"ON" and "QFF." The symbols illustrated in Figure 28.1 may be used for this purpose. Idéntification by
illumination gnly is not acceptable.

Figure 28.1
On and off symbols
(iec5007b.eps)

IEC 417, Symbol 5007 IEC 417, Symbol 5008

su3937
28.7 A switch provided as part of a power supply shall be acceptable for the maximum potential to

ground of the circuit. A nominal 208-volt, single- or 3-phase, or a 120/240-volt, single-phase product is
considered to involve a potential to ground of less than 150 volts. A 2-wire, single-phase or a 3-wire, 3-
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phase product with a rating in the range from 220 — 240 volts is considered to involve a potential to ground
in excess of 150 volts.

Exception: A 2-wire, single-phase or a 3-wire, 3-phase product with a rating in the range of 220 — 240 volts
may be connected to a supply circuit having a potential to ground of 150 volts or less if marked as
described in 61.1.12.

28.8 If unintentional operation of a switch results in a risk of injury to persons, the switch shall be located
or guarded so that such operation is unlikely.

28.9 The actuator of a switch may be guarded by recessing, ribs, barriers, or the like.

28.10 An ovL-off switch shall have a marked "off" position so that the operator can readily.determine by
visual inspection when the power unit is de-energized.

Exception No} 1: This requirement does not apply to a switch complying with 28.6.

Exception Nd. 2: The on-off switch may be marked with both of the symbols-in Fiqgure 28.1|in lieu of the
marked "off" position.

28.11 A swifch shall not disconnect the grounded conductor of acircuit.

Exception N¢. 1: The grounded conductor may be disconnected by a switch that simultaneously
disconnects gll conductors of the circuit.

Exception Ng. 2: The grounded conductor may be_disconnected by a switch that is so arrapged that the
grounded comductor is not able to be disconnectéd until the ungrounded conductors of the circuit have
been disconngected.

29 Overloafl-Protective Devices

29.1 A protective device, the intended functioning of which requires renewal, replacement| or resetting,
shall be accessible:

a) From outside of the~enclosure; or

b) Behlind a hinged cover (see 7.5.2).

Exception: A| protective device that is unknown to the user because of its location and| omission of
reference to theZdevice in the npnrnfing instructions,—circuit rlingrnme’ and other instructional materials

provided with the power unit is not required to comply with this requirement.

29.2 With reference to the requirement in 28.1, a control-circuit fuse is not considered to require renewal
as an intended function provided the fuse and the load are contained within the same enclosure.

29.3 A circuit breaker connected in the input circuit shall open all ungrounded conductors.

Exception: If the power unit has provision for connection of a grounded neutral conductor, individual
single-pole circuit breakers are acceptable as the protection for each ungrounded conductor of a 3-wire
single phase circuit or for each ungrounded conductor of a 4-wire, 3-phase circuit, provided that no
conductor involves a potential to ground in excess of 150 volts. See 61.1.9.

29.4 For a vertically mounted circuit breaker, the down position shall be the "off" position.
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29.5 An overcurrent protective device shall not be connected in the grounded (neutral) side of the line.

Exception No. 1: Additional overcurrent protection may be provided in the grounded side of the supply
circuit when the protective device simultaneously disconnects the grounded and ungrounded conductors
of the supply circuit.

Exception No. 2: A unit may incorporate a single-pole overcurrent protective device connected in the
grounded (neutral) side of the line when:

a) The grounded circuit conductor is not depended on to carry a current imbalance, such as in a
unit supplied by a 3-phase, 4-wire or a single-phase, 3-wire system;

currept rating no higher than that of the overcurrent protective device in the \grqunded circuit

b) Eth ungrounded circuit conductor 1s provided with an overcurrent protective deyvice having a
condl

ctor;

c) The screw shell of a plug fuseholder and the accessible contact ofan extractor fuseholder
locatead in the grounded circuit conductor is connected toward the grouhded supply linge; and

d) The unit is marked in accordance with 61.1.10.
30 Fuses gnd Fuseholders

301 A fUSI and a fuseholder shall have voltage and current ratings acceptable for the circuit in which
they are conmected.

30.2 A fuse that is used to provide short-circuit protection for output circuits in a househagld power unit
shall not be ipterchangeable with a fuse of a higher-ampere rating.

30.3 A fuse that is used to provide short ciretit protection for output circuits in a commerdal power unit
shall be marked in accordance with 61.1.72:

30.4 The screw shell of a plug-type fuseholder and the upper terminal of an extractor-type fuseholder
shall be conrjected toward the load:

30.5 Unlegs acceptable, for the application, a fuse and fuseholder combination connected, but not
required, in an output gircuit having an open-circuit voltage not exceeding 50 volts rms shall|be subjected
to the test described(in54.4.1.

31 Output Alternating Current Power Circuits

31.1  Each ac output power circuit shall be provided with overcurrent protection for all ungrounded
conductors as described in 31.3 — 31.5. The voltage rating of the overcurrent protection shall not be less
than the rating of the circuit with which it is used. The overcurrent protection device shall be a circuit
breaker or a fuse suitable for use as branch circuit protection.

Exception No. 1: Overcurrent protection is not required to be provided for an output where the current is
limited to not more than 110 percent of the receptacle rating by construction of a transformer, one or more
resistors, or a regulating network complying with 54.8.1.

Exception No. 2: 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 percent of the protector amp rating;

c) The protector complies with the UL 1077 short-circuit test conducted without series overcurrent

protec

tion;

d) The protector complies with the UL 1077 recalibration test following short-circuit testing; and

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

Exception No. 3: A fuse having a short-circuit interrupting rating not less than the maximum fault current

available fro
14: Supplemd
in lieu of a br4

Exception Ng
permanent wj
the overcurre

31.2 The vq
voltage.

31.3 Forald
of the overcu

the unit, as dgetermined in accordance with 12.2.2.

314 For a
overcurrent p
whichever is |

31.5 Overcy
overcurrent p

connected may be used in conjunction with multiple receptacles if all receptacles are connects

Exception No
protection de

Exception No
rating not ex|

ental Fuses, UL
nch circuit protection fuse or circuit breaker.

by.

. 4: Overcurrent protection is not required to be provided with a_tnit' having
ring connection of the output circuit and provided with an instruetion manual if
nt protection is to be provided by others.

Itage rating mentioned in 31.1 for a 3-phase circuit shall"be based on the ph

nit having provision for permanent wiring connegtion of the ac output power circ
rent protection shall not exceed the ampacity*of'the conductors intended to be

unit provided with a cord and receptacle for connection of the output, the
rotection shall not exceed the ampacity of the cord or the current rating of th
eSS,

rotection device with a.rating not exceeding the ampere rating of any receptacle

1: Two or more/15 ampere rated receptacles may be protected by a 20 amper:
ice.

=

2: A-stationary unit having an input ac attachment plug that has both, a curren
ceeding the current and voltage rating of any of the output ac receptacles,

provided with

Fuses — Part

& transformer

provision for
hdicating that

ase-to-phase

uit, the rating
connected to

rating of the
b receptacle,

rrent protection shall beprovided for each standard configuration output receptacle. A single

to which it is
ed in parallel.

b overcurrent

t and voltage
need not be

overcurrent prnfnr\finn

Exception No. 3: A unit having provisions for permanent input wiring connections need not be provided
with overcurrent protection provided that the current and voltage ratings of the output ac receptacles do
not exceed the current and voltage ratings of the intended input branch circuit overcurrent protection

device.

31.6 A standard configuration receptacle in a power unit provided with means for grounding shall be of
the grounding type. See 31.9.

31.7 A standard configuration receptacle in a power unit provided with a polarized nongrounding type
attachment plug shall be of the polarized nongrounding type when the receptacle is connected to the
primary circuit.
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31.8 When a standard configuration receptacle is supplied from the input ac supply circuit, the white or
silver terminal of the receptacle shall be connected to the grounded supply conductor, and the grounding
terminal of the receptacle, when applicable (see 31.7), shall be conductively connected to the equipment
grounding means per the requirements specified in Section 17, Bonding of Internal Parts. See also 18.1
and 16.7.

31.9 With reference to 31.6 and 31.8, when a grounding type receptacle other than an isolated-
grounding type is supplied from the secondary of a transformer:

a) The side of the secondary winding connected to the white or silver terminal of the receptacle
shall be grounded per the requirements in 20.1, 20.2, and 20.3; and

conductively
conngcted to the equment grounding means per Section 17, Bonding of Internal Parnts, and 16.7.

31.10 For an isolated-ground receptacle, the grounding terminal intended for connection t¢ an insulated
grounding cgnductor shall not be conductively connected to the equipment grounding means| See 31.11.

31.11  With|reference to the 31.10, a unit provided with an isolated-ground-receptacle shall comply with
the following

a) Prqvisions for permanent wiring connections shall be provided for the ac supply conductors; and

b) Prpvisions for connection of two equipment grounding conductors — one for grounding dead
metallparts of the unit specified in 16.1 — 16.3 and the.other for grounding the groundipg terminal of
the igolated-ground receptacle — shall be provided. These provisions shall comply with the
requitements in Section 16, Grounding Connections.

32 Lampholders

32.1 A lampholder shall be designed oriihstalled so that uninsulated live parts, other than a screw shell,
will not be exposed to contact by persons:removing or replacing the lamp in intended service

32.2 A medlium-base screw-shelllampholder shall not be used in a circuit involving a potential of more
than 150 volfs.

33 Capacifors
33.1 A capacitor-connected across the line, such as a capacitor for radio-interference glimination or
power-factor|correction, shall be housed W|th|n an enclosure or contalner that protects the plates against
mechanical dz preakdown of
the capacitor.

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

Exception: The container may be of thinner sheet metal or may be of material other than metal, if mounted
inside a power unit having an enclosure that complies with the requirementsin 7.1.1—7.1.5.

33.3 A container of an electrolytic capacitor having a thickness less than that required by 33.2 shall
employ a means for venting.
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34 Printed Wiring

34.1 A printed-wiring board shall comply with the requirements in the Standard for Printed-Wiring
Boards, UL 796, and shall be classed V-0, V-1, or V-2 in accordance with the requirements in the Standard
for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94. The use of
material classed V-2 requires the use of a closed bottom in the equipment beneath the material or an
equivalent barrier.

34.2 A resistor, capacitor, inductor, or other part that is mounted on a printed-wiring board to form a
printed circuit assembly shall be secured so that it cannot be displaced to cause a risk of electric shock or

fire by a force likely to be exerted on it during assembly, intended operation, or servicing of the power unit.

34.3 Withre
unit assembly
to the printed

35 Spacings

35.1 Gener,
35.1.1 The
applicable va
(see 6.8 and |
this requirem

Exception Nd

liners and barriers are used.

Exception No
printed-wiring
for Polymeric

Exception Ng
the Standard
spacings (oth
wiring termin
when:

a) The
spacin

ference to 34.2, consideration is to be given to a barrier or a partition that is part
and that provides mechanical protection and electrical insulation of a compone
wiring board.

Al

spacings for a unit intended for use in a general environment shall not be |
ues specified in Table 35.1. Spacings for a unit intended for use in a controlled
B5.1.3) shall not be less than the applicable values.specified in Table 35.2. For th

. 1: The spacings of 35.1.1 are not required when the unit complies with 35.3

2: The spacing requirements of-35.1.1 shall not apply to the area between adj
boards provided with a confarmal coating complying with the requirements in
Materials — Use in Electrical-Equipment Evaluations, UL 746C.

. 3: On printed-wiring boards having a flammability classification of V-0 in acc
for Tests for Flammability of Plastic Materials for Parts in Devices and Applia
er than spacings’to dead metal traces, between primary and secondary circuits
his) are nofspecified between traces of different potential connected in the

b spacings are adequate to comply with the requirements in 54.11, Evaluatio
gs.on printed-wiring boards; or

bnt, a general environment is an environment other than a controlled environment.

of the power
nt connected

ess than the
environment
e purpose of

—

.1 and when

hcent foils on
the Standard

pordance with
nces, UL 94,
, and at field
same circuit

n of reduced

b) An analysis of the circuit indicates that no more than 12.5 mA of current is available between
short-circuited traces having reduced spacings.

Exception No. 4: 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 inch (0.79 mm). When
these foils are in circuits described in 35.1.11 or 35.1.12, no spacing is specified.

Exception No. 5: The spacing requirements in Table 35.1 and Table 35.2 are not required to apply to
inherent spacings of a component such as a switch, lampholder, power switching semiconductor, or a
motor. See 35.1.6.

Exception No. 6: Spacings within a transformer shall be provided in accordance with Table 26.2 at
locations that are not insulated, including those with film-coated magnet wire.
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Exception No. 7: Spacing requirements do not apply between adjacent terminals of a power switching
semiconductor device including the connection points of the terminals of the device.

Exception No. 8: The spacing requirements of 35.1.1 do not apply when the alternative spacings of 35.2

are met.

Exception No. 9: The spacing requirements of 35.1.1 shall not apply to areas between live parts potted in
epoxy or equivalent material. See 35.1.2.

Table 35.1

Spacings for units intended for use in a general environment

Minimum spacings, inch (mm)

Between any uninsulated live part and an uninsulated live

Between any
live.part and

uninsulated
the walls of a

metal enclosure including a

part of opposite polarity, uninsulated grounded part other fitting for|conduit or
Potential infolved, volts than the enclosure, or exposed metal part® armored cable®?
rms (peak) Through air Over surface Shortes{ distance

0450 116 1/16 116

(0-J70.7) (1.6)°¢ (1'8)" (1.6)°¢
Greater thgn 50 to 150 1/8 1/4 V4
(70.7 tp 212.1) (3.2)°¢ (6.4) (6.4)
Greater thah 150 to 300 1/4 3/8 12

(212110 424.2) (6.4) (9.5) (12.7)
Greater thah 300 to 600 3/8 1/2 12

(424.2 10 848.4) (9.5) (12.7) (12.7)
Greater tharp 600 to 3000 3/4 3/4 34

(848.4 tp 4242.0) (19.19%f (19.1)>f (19.1)

Greater than 3K to 5K ] 1 f

(4243.4 10 7070.0) (25.4)% (25.4)% (2%.4)
Greater thgn 5K to 10K 1-1/2 1-1/2 1-11/2

(7070.0 tp 14140.0) (38.1)° (38.1)° (38.1)

1-1/8 1-1/8
(28.6)f (28.6)f
Greater thah 10K tg 15K 1-1/2 1-1/2 1-01/2
(14140.0 0:21210.0) (38.1)>f (38.1)>f (38.1)

@ For printed-wiring boards, see Exception Nos. 2 —41in 35.1.1.

® For the purpose of this requirement, a metal piece attached to the enclosure is evaluated as part of the enclosure when

deformation of the enclosure reduces spacings between the 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 grounded
dead metal part shall not be less than 1/4 inch.

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

(1.2 mm) is able to be provided.

¢ Between uninsulated high-voltage parts and the following:

1) Uninsulated high-voltage parts of opposite polarity or different potentials;

2) Earth-grounded metal parts;

Table 35.1 Continued on Next Page



https://ulnorm.com/api/?name=UL 1012 2021.pdf

60 UL 1012 MARCH 30, 2021

Table 35.1 Continued

Minimum spacings, inch (mm)

Between any uninsulated
live part and the walls of a
metal enclosure including a
fitting for conduit or
armored cable®9

Between any uninsulated live part and an uninsulated live
part of opposite polarity, uninsulated grounded part other

a
Potential involved, volts than the enclosure, or exposed metal part

rms (peak)

Through air

Over surface Shortest distance

3) Uninsulated primary-circuit parts.

f Between uninsulated high-voltage parts and the following:

1) Insylated primary-circuit parts;

2) Insylated high-voltage parts of opposite polarity, or of different potentials.

9 Spacings are pble to be less than specified when the enclosure complies with the metal enclosure strength requirgments in 45.1
and 45.3.

Table 35.2
Spacings for units intended for use in a controlled environment

Minimum‘'spacings, inch (mm)
Between any|uninsulated
live part and the walls of a
Between any uninsulated live\part and an uninsulated live | metal enclosufe including a
part of opposite polarity, uninsulated grounded part other fitting for ¢onduit or
o than the enclosure, or exposed metal part®¢ armored|cable®"
Potential involved, volts
rms (peak) Through air, Over surface Shortest distance
050 3/64 3/64 1/16
(0-170.7) (1.2)¢ (1.2)° (1.6)°
Greater thap 50 to 150 1/16 1/16 14
(70.7 to| 212.1) (1.6)°° (1.6)° (6.4)
Greater thar} 150 to 300 3/32 3/32 1R
(212.11¢ 424.2) (2.4)°° (2.4)09¢ 1247)
Greater thar} 300 to 600 3/8 12 1R
(424.2 t¢ 848.4) (9.5) (12.7) (1247)
Greater than|600:{e“3000 3/4 3/4 3p
(848.4 to4242-0y to—He ot t49.1)
Greater than 3K to 5K 1 1 1
(4243.4 t0 7070.0) (25.4)"9 (25.4)"9 (25.4)
Greater than 5K to 10K 1-1/2 1-1/2 1-1/2
(7070.0 to 14140.0) (38.1) (38.1)f (38.1)
1-1/8 1-1/8
(28.6)° (28.6)°
Greater than 10K to 15K 1-1/2 1-1/2 1-1/2
(14140.0 to 21210.0) (38.1)"9 (38.1)"9 (38.1)
@ For printed-wiring boards, see Exception Nos. 2 —4 in 35.1.1.

Table 35.2 Continued on Next Page
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Table 35.2 Continued

Minimum spacings, inch (mm)

Between any uninsulated live part and an uninsulated live
part of opposite polarity, uninsulated grounded part other

a,d
Potential involved, volts than the enclosure, or exposed metal part

Between any uninsulated
live part and the walls of a
metal enclosure including a
fitting for conduit or
armored cable®"

rms (peak) Through air Over surface

Shortest distance

deformation of the enclosure reduces spacings between the metal piece and uninsulated live parts.

b For the purpose of this requirement, a metal piece attached to the enclosure is evaluated as part of the enclosure when

¢ The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and a grounded

dead metal pagt shall-rot-beless-than-tH4d-inch-

uninsulated copductive part (live or dead) not of the same polarity.

is able to be prpvided.
fBetween uninkulated high-voltage parts and the following:

1) Un|nsulated high-voltage parts of opposite polarity or different potentials;
2) Eafth-grounded metal parts;

3) Un|nsulated primary-circuit parts.

9 Between unirjsulated high-voltage parts and the following:
1) InIIated primary-circuit parts;

2) Insulated high-voltage parts of opposite polarity, or of different potentials.

and 45.3.

4 On printed-w{ring boards, their connectors and board-mounted electrical components, wired on the load side-of fine filters or
similar-voltagetpeak-reduction networks or components or both, a minimum spacing of 0.023 inch (0.58 mm)plus .0002 inch
(0.005 mm) per volt peak shall be maintained over surface and through air between uninsulated live parts and’any pther

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

h Spacings arelable to be less than specified when.the enclosure complies with the metal enclosure strength requirements in 45.1

35.1.2 With reference to Exception No. 9 to 35.1.1, epoxy or equivalent material is able fo be used to

reduce spacings, when all of the following are met:

a) Spacings of minimum 1/32 inch (0.8 mm) are maintained prior to application of the ¢ncapsulant;

b) There are-no significant voids in the encapsulant;

c) The_encapsulant is minimum 1/32 inch thick;

d) The area of reduced spacing, with encapsulant applied, withstands the applicable Dielectric

Voltage Withstand Test described in Section 43; and

Exception: When the normal operating potential between the parts under consideration does not

exceed 600 V rms, the dielectric test is not required to be conducted.

e) The encapsulant temperature during the Temperature Test of Section 42 does not exceed 65°C
(117°F) rise [based on an assumed operating ambient rating of 25°C (45°F)] or 90°C (194°F) limit

(when tested at an ambient rating of greater than 25°C).

Exception: When the encapsulant has been investigated and rated for a higher operating
temperature, the temperatures shall not exceed the material temperature rating.
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35.1.3 Units investigated for use in a controlled environment indicated in 35.1.1 shall be marked as
described in 61.1.6.

35.1.4 When an uninsulated live part is not rigidly secured in position by means other than friction
between surfaces, or when 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 required spacings are maintained.

35.1.5 With reference to 35.1.4, a properly applied lock washer rigidly secures a part.

35.1.6 Inherent spacings of the components specmed in Exceptlon No. 5 to 35.1.1 shall comply with the
requirementsfo ques A Spac pecified in this
standard. Spacings from such components to another component and to the enclosure shal comply with
the appropriate spacings specified in this standard.

35.1.7 With|respect to evaluating spacings, spacings between uninsulated partstofidifferent] circuits shall
be based on the highest of the circuit voltages. See 43.3.1 — 43.3.3.

35.1.8 For the purpose of evaluating spacings, film-coated wire is an uninsulated live part.

35.1.9 Spagings at field-wiring terminals shall be measured with.€onductors installed in the terminals.
The gage of these conductors is based on the rating of the circuit containing the terminals. Sep 12.2.2.

35.1.10 Sp4cings between uninsulated live parts of different’potential and between such pgrts and dead
metal that arg¢ able to be grounded in service are not.spécified for parts of LVLE circuits, in accordance
with 6.15, norfin accessible signal circuits described in Section 37, Accessible Signal Circuits.

35.1.11 Spdcings between uninsulated live parts of different potential and between such pgrts and dead
metal that is| able to be grounded in service’ are not specified for parts of limited-energy circuits, in
accordance with 6.13. Spacings in these circuits are judged by the applicable dielectric voltage-withstand
test described in Section 43, Dielectric-Voltage-Withstand Test.

35.1.12 WHhen a circuit is not @.safety circuit, spacings within the circuit are not specified for isolated
secondary cirgcuits supplied by ‘a source with:

a) A nfaximum output of 200 VA, or

b) A maximum.output of 100 volts.

The spacingg inthese circuits shall be judged on the basis of the Dielectric Voltage-Withstand Test,
Section 43. See 35.1.13.

35.1.13 With reference to 35.1.12, spacings within a circuit derived from a source capable of exceeding
the maximum limits are not specified, when:

a) The VA or voltage within the circuit is limited to 200 VA or 100 volts by a regulating network
complying with the requirement in 36.12; or

b) A fuse or other overcurrent-protective device, other than an automatically reset type, having a
current rating in amperes not exceeding (100VA)/(Vnax), where V.., is the maximum rms voltage of
the secondary in question.

Maximum available volt-amperes or voltage is to be measured using a variable resistor connected in place
of the circuit in question, with the primary connected in accordance with 39.1. For a transformer having
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multiple secondary windings, all measurements on one secondary-winding circuit are to be made with all
other windings unloaded.

35.1.14 The acceptability of spacings between live and dead metal parts connected to the enclosure
within an instrument shall be judged by conducting the applicable dielectric voltage-withstand test
described in Section 43, Dielectric Voltage-Withstand Test.

Exception: A meter complying with the requirements in the Standard for Electrical Analog Instruments —

Panel Board Types, UL 1437, is not required to be subjected to a Dielectric Voltage-Withstand Test.

35.2 Altern

ative Spacings

35.2.1  With
Coordination
used. The sq
dead metal
application is

35.2.2 The
outdoor use
or coated pri
the Standarq

reference to 35.1.1 Exception No. 8, the spacing requirements in the Standard
Including Clearances and Creepage Distances for Electrical Equipment;,dL
acing requirements of UL 840 shall not be used for field wiring terminalslor for
enclosure. In determining the pollution degree and overvoltage . category,
to be evaluated and is able to modify those characteristics givenin.35.2.2 and 3

for Insulation
840, may be
spacings to a
the end-use
5.2.3.

level of pollution expected or controlled for indoor use equipment is pollution
equipment, pollution degree 3 is expected. Hermetically sealed or encapsulate

for Insulation Coordination Including Clearances ‘and Creepage Distances

Hegree 2. For
d enclosures,

hting wiring boards in compliance with the Printed Wiring Board Coating Perfornance Test in

for Electrical

Equipment, WL 840, are pollution degree 1.

35.2.3 It ig anticipated the equipment is rated overvoliage category Il and overvoltage fategory | as
defined in tHe Standard for Insulation Coordination Tncluding Clearances and Creepage Pistances for
Electrical Eqpipment, UL 840.

35.2.4 In order to apply Clearance B (contrélled overvoltage) clearances, control of overvgltage shall be
achieved by providing an overvoltage device or system as an integral part of the product.

35.2.5 Forlthe purpose of applying this alternative, all printed wiring boards are evaluateql as having a

minimum cor
35.3
35.3.1 Ani

required spa
The material

Insulation liners and-barriers

hparative tracking index of 100 without further investigation.

hsulatinginer or barrier of material such as vulcanized fiber or thermoplastic U
cingstspecified in Exception No. 1 to 35.1.1 shall not be less than 0.028 inch (0.
shall.not be used as the sole support of uninsulated live parts involving a risk ¢

sed in lieu of
71 mm) thick.
f fire, electric

shock, or el

Pfrir\al-nnnrgy/high current. Other incnlni‘ing materials used as g barrier or as o

ither direct or

indirect support of uninsulated live parts involving a risk of fire, electric shock, or electrical-energy/high
current shall comply with the requirements in the Standard for Polymeric Materials — Use in Electrical

Equipment E

valuations, UL 746C.

Exception No. 1: Vulcanized fiber not less than 0.013 inch (0.33 mm) thick is capable of being used:

a) In conjunction with an air spacing of not less than 50 percent of the minimum required through

air sp

acing,; and

b) Between a heat sink and a metal mounting surface, including the enclosure, of an isolated
secondary circuit rated 50 volts rms or less.

Exception No. 2: A generic material as noted in 35.3.5 and Table 35.3 is capable of being used as an
insulating liner when the material:
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a) Does not serve as sole support of live parts; and

b) Is not subject to inadvertent mechanical stresses by a user or a field installer.

Exception No. 3: An insulating material having a thickness less than that specified is capable of being
used when, upon investigation, it is found to be capable of being used for the application and has a
dielectric breakdown strength of not less than 5000 volts or 2500 volts in the thickness used for
equivalency to 0.028 inch or 0.013 inch thick vulcanized fiber, respectively, as determined by the
equivalent insulation test described in Tests of Insulating Material, Section 44.

35.3.2 Other than as indicated in 35.3.3, insulating tubing complying with the requirements in the
Standard for Extruded Insulating Tubing, UL 224, may be used as insulation of:

a) A cpnductor including bus bars in lieu of the minimum required spacings; and

b) A capacitor case in lieu of bonding the case for grounding, providing that the féllowing conditions

are met:
1) The conductor is not subjected to compression, repeated flexure, or sharp bends;

2) The conductor or case covered with the tubing is well rounded and fre¢ from sharp
edges;

3) The tubing is used in accordance with the manufacturer's instructions; and

4) The conductor or case is not subjected to\a’temperature or voltage higher|than that for

which the tubing is rated.

35.3.3 Insulating tubing complying with the Standard for Extruded Insulating Tubing, UL 224, shall not be
used as insulftion over parts subject to maintenance, such as bolts that are periodically tighteped.
35.3.4 A wrlap of thermoplastic tape, edmplying with the requirements in the Standard |for Polyvinyl
Chloride, Polyethylene, and Rubberdnsulating Tape, UL 510, may be used when all of the following
conditions arg¢ met:
a) The wrap is not less than 0.013 inch (0.33 mm) thick, is applied in two or more layers, and is
used in conjunction with not less than one-half the required through air spacing;
b) The wrap is_ hot'less than 0.028 inch (0.71 mm) thick when used in conjunction with less than
one-half the required through air spacing;
c) lts| temperature rating is not less than the maximum temperature observed during the
Temperature Testof Section42;

d) The tape is not subject to compression;

e) The tape is not wrapped over a sharp edge; and

f) The tape is not wrapped over parts subject to maintenance, such as bolts that are periodically
tightened.

35.3.5 With reference to Exception No. 2 of 35.3.1, and notes (c) and (g) of Table 26.1, insulation of a
generic material type specified in Table 35.3, is capable of being used where the layer(s) of each generic
material is of a minimum thickness such that all layers collectively are greater than, or equal to, the
minimum thickness required (T):

T< A(ER)+ 4,(EF,) + Ay (EF)...
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in which:

A;, A, and A; denote the total thickness of each generic material type;

EF,, EF, and EF; denote the equivalency factor specified in Table 35.3 for the generic material

type corresponding to A,, A,, and A, and

T is the thickness requirement for vulcanized fiber.

Table 35.3

Equivalency factors for insulation materials

Generic material

Equivalency factor (EF)

Electrical grad

b paper, fiber, or pressboard

1

® To determine
mm) thick vulc

° To determine|
fiber, EF = 1.5

hnized fiber, EF = 2.

Impregnated rgg paper 1.3
Acetate sheet 15
Polyvinyl chlor|de (PVC) ™3
Silicone rubbef (SIR) 0.5
Impregnated glass or acetate cloth 1.2
Polyester b
Polyethylene té¢rephthalate (PETP) b
Fluorinated etljylene propylene (FEP) 3
Polytetrafluorogthylene (PTFE) 3
Aramid paper (o]
Polyamide (PI 6
Mica® 4.7
NOTE — See 3p.3.5.

@ EF applies when not subject to mechanical damage:

equivalence to 0.028 inch (0.71 mim) thick vulcanized fiber, EF = 4; to determine equivalence to 0.01

equivalence to 0.028 ineh thick vulcanized fiber, EF = 3.3; to determine equivalence to 0.013 inch th

3inch (0.33

ck vulcanized

36 Control

36.1

Circuits

An LVLE circuit as described in 6.15, or a limited-energy circuit as described in 6.13
connected to the frame of the unit.

is able to be

36.2 When the frame is used as a current-carrying part of a secondary circuit, a hinge or other movable

part shall not

be relied upon to carry current.

36.3 Except as indicated in 36.4, an LVLE circuit (see 6.15) is not required to be investigated. Printed-
wiring boards and insulated wire used in such circuits shall be types that are required for the application.
See 22.1.1and 34.1.

36.4 Safety circuits shall comply with the requirements for primary circuits.

36.5 A control circuit, including associated electronic components on printed-wiring boards, that does not
extend out of the unit is not required to be investigated when the maximum voltage and current are limited

as specified i

n (a) and (b):
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a) A voltage limit of 42.4 volts peak for ac, 60 volts for dc; and

b) 8 amperes for 0 — 42.4 volts peak ac, or 0 — 30 volts dc, or amperes equal to 150 divided by the
maximum voltage for 30 — 60 volts dc. See 36.6.

Printed-wiring boards, insulated wires, and motors used in such circuits shall be types that are required for
the application. See 22.1.1, 25.1, 25.2, and 34.1.

Exception: The current is able to exceed the value specified in (b) when the circuit includes an overcurrent
protection device as described in 36.9 and 36.10.

36.6  With r

ference to the current specified in 36.5(b), the maximum current is o be me

sured under

any condition
continuously
not exceed th

36.7 With r
connected to
transformer w
end of the wir]

36.8 When
construction ¢
manual-reset
limited, in acg

36.9 A fus
accordance W

of loading, including short circuit. This is to be accomplished using a re
readjusted during the 1-minute period to maintain maximum load current~This
e value indicated in 36.5(b).

bference to the voltage limit specified in 36.5(a), measurement js\to be made
the voltage specified in 39.1 and with all loading circuits disconnected. WHh
inding is used to supply a full-wave rectifier, voltage measurement is to be mad
ding to the tap.

the control circuit specified in 36.5 is not limited as\{o available short-circuit ¢
f a transformer, and the circuit includes either one or more resistors, a fuse, a n

sistor that is
current shall

with the unit
en a tapped
e from either

urrent by the
onadjustable

protective device, or a regulating network (see»36.12), the circuits in which the current is

ordance with 36.9, 36.10, or 36.11, is not required to be investigated.

Y

-

or circuit-protective device provided:*in the control circuit used to limit th
ith 36.8 shall be rated or set at not more than the values specified in Table 36.1.

Table 36.1
Rating for secondary fuse or circuit protector

e current in

beres)

M

Circuit voltage (volts;.rims) Maximum overcurrent protection (am
20 or less 5
re than 20 and not greater than 60 100/\?

a8V is the maxin

um output Veltage, regardless of load, with the primary energized in accordance with 39.1.

36.10 A fus

Xl cwcwt—protectlve device is able to be connected in the prlmary of a transf

prmer to limit

the current, ir

be determined by conducting the Overcurrent Protection Callbrat|on Test Sect|on 52.

36.11

36.9. This shall

One or more resistors, or a regulating network, used to limit the current in accordance with 36.8

shall be such that the current under any condition of load, including short circuit, does not exceed the
values indicated in 36.5(b).

36.12 When a regulating network is used to limit the voltage or current, in accordance with 36.5 — 36.11,
and the performance is affected by malfunction, either short circuit or open circuit, of any single

component —

excluding a resistor — the network shall comply with the following:

a) The environmental tests specified in 36.14 are to be performed; and

b) Critical components shall be derated in accordance with the Electronic Reliability Design
Handbook, Military Handbook Number 338-1A.
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36.13 In a circuit of the type described in 36.8, the secondary winding of the transformer, the fuse or
circuit protective device, or the regulating network, and all wiring up to the point at which the current and
voltage are limited, shall be evaluated to the applicable requirements in this standard.

36.14 When it is determined that environmental tests in accordance with 36.12 (a) are required, the
control is to be subjected to the following tests, in accordance with the method described in the Standard
for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991:

a) Transient Overvoltage Test;

b) Ramp Voltage Test;

c) Elgetromagnetic-Suseeptibitity Tests:

d) Elgctrostatic Discharge Test;

e) Thermal Cycling Test;

f) Humidity Test for a unit intended for a general environment; and

g) Effects of Shipping and Storage Test.
Before and affter each test, the control is to be checked for normaloperation. See 36.15.

36.15 The following test parameters are to be used in theinvestigation of the control covéred by 36.14
for compliange with the Standard for Tests for Safety-Related Controls Employing Solid Stat¢ Devices, UL
991:

a) Critical components are able to be electrically supervised;

b) Aufibility is capable of being used.aS)a trouble indicator for an electrical supervision circuit;

c) A fleld strength of 3 volts per.meter (0.91 volts per foot) is to be used for the Radigted EMI Test;
and

d) Exposure Class H5 istobe used for the Humidity Test.
37 Accessjble Signal Circuits

37.1 The r¢quirements in 37.2 and 37.3 apply to accessible signal circuits having provisign for external
connections puch as'RS232 communication ports and similar equipment.

37.2 A signal circuit that extends out of a unit shall be isolated from internal circuits having a voltage
involving a risk of electric shock by any of the following or the equivalent:

a) An optical isolator having an isolation voltage rating of not less than the dielectric voltage-
withstand test potential required in 43.1.1 and complying with the requirements in the Standard for
Optical Isolators, UL 1577;

b) An isolation transformer complying with the requirements in the Standard for Class 2 Power
Units, UL 1310, or the Standards for Low Voltage Transformers — Part 1: General Requirements,
UL 5085-1, and Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3;

c) An isolation transformer complying with the requirements in 26.1.4 — 26.2.4;

d) An electro-mechanical relay complying with the requirements in the Standard for Industrial
Control Equipment, UL 508; or
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e) A voltage regulating network when:

1) The voltage being isolated is not derived from the ac input circuit; and

2) The network does not show a risk of electric shock at the external signal circuits as a
result of a failure mode and effect analysis, in accordance with the method described in the
Standard for Tests for Safety Related Controls Employing Solid-State Devices, UL 991.

37.3 The maximum voltage and current available from an accessible signal circuit shall comply with the
requirements in 36.5 — 36.12.

37.4 The maximum power available from an accessible signal circuit that employs an overcurrent

protection deyice to limit the current, as described in the Exception to 36.5, shall not excee
specified in Table 37.1.

Maximum power of accessible signal circuits

Table 37.1

d the values

Circuit voltage volts, rms

Maximum-power, volt-amperes

15 or less

re than 15 and not greater than 60

350
250

38 Class 2 and Class 3 Output Circuits

38.1 When
construction,
UL 1310.

38.2 When
from a linear
requirements
UL 5085-1, a
UL 5085-3. W
with the requi

PERFORMA

39 General

hn output is marked or otherwise identified.as being Class 2, that output shall co
performance, and marking requirements' described in the Standard for Class 2

an output is marked or otherwise identified as being Class 3, and the output is
transformer, that output.shall comply with the construction, performance,

described in the Standard for Low Voltage Transformers — Part 1: General R
nd the Standard for bow Voltage Transformers — Part 3: Class 2 and Class 3 7]
hen the output iscde or supplied from other than a linear transformer, that output
Fements in Sections 79 — 87.

mply with the

Power Units,

5 ac supplied
and marking
equirements,

ransformers,
shall comply

39.1 A representative sample of a power unit shall be subjected to the tests described in 39.4 and
Sections 40 — 57. Unless otherwise specified, all tests are to be conducted at the applicable voltage
specified in Table 39.1, and at rated frequency. A power unit rated 50 — 60 hertz is to be tested at 60 hertz.
A power unit marked with an operating voltage range shall comply with the requirements in this Section
while connected to a source of voltage adjusted to any value within the specified range.
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Table 39.1
Values of test voltages

Rated voltage Test voltage
110-120 120
121-219 Rated voltage
220 -240 240
241 -253 Rated voltage
254 - 277 277
278 — 439 Rated voltage
440 — 480 480
481 -525 Rated voltage
550 — 600 600

39.2 Thetd
charging stol
forms under

39.3 Outpd
the average

39.4 Inadd
(see 7.1.5) {
Electrical Eq
a) Mg
b) Re|
c) Str
40 Leakag
40.1 The Ig

shall not be 1
a)0.5
b) 0.7

sts of a power unit having an output for a utilization appliance, otherspecific equ
age batteries shall, if necessary, include consideration of the output voltage and
bl likely loading conditions.

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

ition to the applicable performance tests specified'in Sections 40 — 57, a polym
hall be evaluated to the following tests in-the Standard for Polymeric Mate
Llipment Evaluations, UL 746C:

Id Stress Relief Distortion;
sistance to Impact; and

hin Relief Test after Mold Stress Relief Distortion.
e Current Test

akage current'ofia cord-connected power unit when tested in accordance wit
nore than:

milliampere for a portable power unit; or

5.milliampere for a stationary power unit.

ipment, or for
current wave

be based on

ric enclosure

:ﬁals — Use in

>
‘ B
N
AN
(o]

Exception: A unit that is required to have primary-circuit filtering to meet the applicable electromagnetic
compatibility (EMC) regulations may have higher leakage current levels at accessible parts provided that
the unit complies with the following:

a) Leakage current does not exceed 5.0 milliampere and the unit complies with the grounding
requirements in Section 16, Grounding Connections; or

b) Leakage current does not exceed 5 percent of the input current determined in accordance with
Section 41, Power Input Test, and all of the following conditions are met:

1) The unit complies with the grounding requirements in Section 16, Grounding

Connections;
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2) The unit is not supplied through a standard configuration 125 volt, 15 amp
20 amp non-locking type plug;

3) Provision is made for connecting together and earth-grounding all the metal
unit in the system, and

4) The installation instructions comply with the requirements in 62.1.9.

nor 125 volt,

frames of the

40.2 All exposed conductive surfaces shall be tested for leakage currents. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually as well as collectively if
simultaneously accessible, and from one surface to another if simultaneously accessible. Parts are
considered to be exposed surfaces unless guarded by an enclosure considered acceptable for protection

to reduce th¢ TISK of €lectric Shock as defined I 8.1. Suriaces are considered 0 be i

accessible if
measuremen
peak) or 60
conductor of
conductor an

40.3

If a co
leakage currg

they can be readily contacted by one or both hands of a person at the sameg
s do not apply to output terminals operating at voltages less than 30 yolis rm
volts dc. If all accessible surfaces are bonded together and connected to th
the power supply cord, the leakage current may be measured. 'between th
| the grounded supply conductor.

nductive surface other than metal is used for the enclosure“or a part of the e
nt is to be measured using a metal foil with an area,of. 10 by 20 centimeter

multaneously
time. These
s (42.4 volts
e grounding
e grounding

hclosure, the
5 (3.9 by 7.9

inches) in comtact with the surface. If the surface is less than 10 by.20 centimeters, the metal foil is to be

the same sizg
of the power {init.

40.4 The circuit for the leakage current measurement.is.{e be as illustrated in Figure 40.1. T

is actually u
measuremen

defined instru

a) The
0.15 npicrofarad.

b) The
voltag

c) Ov
respo
ofa1
0.5 or
hertz.

:

as the surface. The metal foil is not to remain in place’long enough to affect the

sed for a measurement need only indicate the same numerical value for
as would the defined instrument.. The meter used need not have all the att
ment. The measurement instrumentiis to comply with the following:

meter is to have an input impedance of 1500 ohms resistive shunted by a c3

meter is to indicate1.11 times the average of the full-wave rectified composite
b across the resisteror current through the resistor.

r a frequency range of 0 — 100 kilohertz, the measurement circuit is to have
se — ratio-ofiindicated to actual value of current — that is equal to the ratio of th
b00-ohmyesistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an
0.75<milliampere, the measurement is not to have an error of more than 5

temperature

he meter that
a particular
ibutes of the

pacitance of

waveform of

a frequency
e impedance
indication of
ercent at 60
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Figure 40.1

Leakage current measurement circuit

PRODUCT

INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B
€100

A. Appliance inténded for connection to a 120-volt power supply.

=
120V

340V =—

120V
=

s _

€

INSULATIN
—— TABLE

GROUNDED SUPPLY CONDUCTOR B
1C200

B. Appliance intg¢nded for connection to a 3-wire, grounded neutral power supply, as illustrated.

Ipm s

daov S L
L:ov_LJO/J
- 'Lo/o'_.l

—J %
—— TABLE

INSULATING

GROUNDED:-SUPPLY CONDUCTOR B
C300

C. Appliance intended for connegtion to a 3-wire, grounded neutral power supply, as illustrated.
Note:
A. Probe with sHjieldediead.

B. Separated and.used as clip when measuring currents from one part of device to another.
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40.5 Unless the meter is being used to measure leakage from one part of a power unit to another, the
meter is to be connected between an accessible part and the grounded supply conductor.

40.6 A sample of the power unit is to be tested for leakage current starting with the as-received condition
— the as-received condition is 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 the test voltage specified in Table 39.1. The test sequence, with reference to the measuring
circuit, Figure 40.1, is to be as follows:

a) With switch S1 open, the power 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 power unit
switching devices in all their operating positions.

b) Swijtch S1 is then to be closed energizing the power unit, and within 5 seconds| the leakage
current is to be measured using both positions of switch S2, and with the power Unit switching
devicgs in all their operating positions.

¢) Theg leakage current is to be monitored until thermal stabilization. Both'positions of $witch S2 are
to be jused in making this measurement. Thermal stabilization is_considered to be| obtained by
operafion as in the normal temperature test.

40.7 In general, the complete leakage current test program as.déscribed in 40.6 is to Be conducted
without interrpiption for other tests. With the concurrence of these/concerned, the leakage |current tests
may be interrypted to conduct other nondestructive tests.

41 Power Input Test

41.1  The cyrrent or watts input to a power unit, when connected to a supply adjusted to the test voltage
specified in Table 39.1 and supplying rated output into a load as described in Table 41.1 shal| not be more
than 110 pergent of the rated value when temperatures stabilize (see 42.15).

Table 41.1
Unit output loading

Type of outgut current Intended use Load for test
Alternating current or Unspecified Variable resistor adjusted to result in rated outpu{.
rectified
Rectified Battery charger rated < 20A Variable resistor in parallel with a 100,000 microfarad capacitor

adjusted to result in rated output.®?

Battery charger rated > 20A Variable resistor in parallel with a 185,000 microfarad capacitor
adjusted to result In rated output.=

@ For a power unit having a capacitive filter in the output circuit, only a variable resistor is to be used.

b If appropriate, the power unit may be tested with a battery supplemented with a resistive load, or the battery intended to be
charged by the power unit (see 41.4 and 41.5).

41.2 A battery charger intended for use with a specific battery pack shall be tested using the battery pack
as its intended load.

41.3 If a power unit intended to charge batteries is to be tested using a lead-acid battery or batteries as
the load, each battery is to be discharged to 1.75 volts per cell — measured with the load connected — at a
rate not to exceed the discharge rate assigned by the battery manufacturer, but in any case, the rate of the
discharge is not to exceed one-sixth of the ampere-hour capacity of the battery. See Table 41.1.
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41.4 If a battery charger is to be tested with a typical 1.2 volt per cell nickel-cadmium battery or batteries
as the load, each battery is to be discharged to 0.9 volts per cell - measured with the load connected — at
a rate not to exceed the discharge rate assigned by the battery manufacturer.

41.5 If a battery charger is to be tested with a battery or batteries other than those specified in 41.3 and
41.4, the battery is to be discharged in accordance with the battery manufacturers maximum
recommended discharge rate to an appropriate discharge voltage.

42 Temperature Test

42.1 The power unit shall be mounted as in intended service and connected as described in 41.1. With
the power unit r\pnraﬁng at ite mavimum marked rlllfy r\\J/r\ln, the power unit shall naot reach temperature
at any poinf high enough to cause a risk of fire, to damage any material used, or’\i¢ exceed the
temperature |imits specified in Table 42.1.

Table 42.1
Maximum temperature limits

Materials and components °C (°F)

1. A surface ugon which a stationary power unit may be mounted in service, and sutfaces that may
be adjacent to the unit when so mounted 90 (194)
2. Any point or] or within a terminal box or compartment of a fixed power uniton‘which field-
installed condyctors to be connected may rest 602 (140)?
3. Field wiring ferminals 75° 1672
4. Class 105 c¢il insulation systems of a relay, a solenoid, or the like

Thermocduple method 9oP (194)°

Resistande method 110 (230)
5. Class 130 cgil insulation systems of a relay, a solenoid, or the like

Thermocduple method 110° (230)°

Resistande method 120 (248)
6. Class 105 trpnsformer insulation systems:

Thermocduple method 90° (194)°

Resistande method 95 (203)
7. Class 130 trpnsformer insulation systems

Thermocduple méthed 110° (230)°

Resistande method 120 (248)
8. Class 155 transformerinstutation-systems

Thermocouple method 135 (275)

Resistance method 140 (284)
9. Class 180 transformer insulation systems

Thermocouple method 150 (302)

Resistance method 160 (320)
10. Class 200 transformer insulation systems

Thermocouple method 165 (329)

Resistance method 175 (347)

11. Class 220 transformer insulation systems

Table 42.1 Continued on Next Page
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Table 42.1 Continued

Materials and components °C (°F)
Thermocouple method 180 (356)
Resistance method 190 (374)
12. Class 2 transformer enclosure 85 (185)
13. Class A motor coil insulation systems:
A. In an open motor:
Thermocouple method 90 (176)
Resistance method 100 (212)
B. In a totdlly enclosed motor:
Thermocouple method 95 (203)
Resistance method 105 (221)
14. Class B mojor coil insulation systems:
A. In an open motor:
Thermocouple method 110 (230)
Resisfance method 120 (248)
B. In a totally enclosed motor:
Thermocouple method 120 (248)
Resisfance method 125 (257)
15. Varnished-dloth insulation 85 (185)
16. Fiber emplgyed as electrical insulation 90 (194)
17. Phenolic composition employed as electrical insulation or as.a part the deterioration of which 150° (302)°
would result in & risk of fire or electric shock.
18. Wood or other combustible material 90 (194)
19. Rubber- or {hermoplastic-insulated wire and cord 60°d (140)c9
20. Other types|of insulated wires e e
21. Capacitor:
Electrolytig 65' (149)f
Other than|electrolytic 90f (194)f
22. Sealing compound g g
23. Selenium rdctifier 75hi (167)M
24. Silicon rectifier 1001 (212)
25. Power switghingysémiconductor device 100' (212)
26. A handle or knob that is grasped for lifting, carrying, or holding
Metallic/ 50 (122)
Nonmetallici 60 (140)
27. A handle or knob that is contacted but does not involve lifting, carrying, or holding and other
surfaces subject to contact in operation and user maintenance
Metallic! 60 (140)
Nonmetallic/ 85 (185)
28. A surface subject to casual contact
Metallic/ 70¢ (158)*
Nonmetallic/ 95k (203)F

Table 42.1 Continued on Next Page



https://ulnorm.com/api/?name=UL 1012 2021.pdf

MARCH 30, 2021 UL 1012 75

Table 42.1 Continued

Materials and components °C (°F)
@ The temperature observed on the terminals and at points within a terminal box of a unit marked in accordance with 61.2.8 may
exceed the values specified.

b At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature as measured
by means of a thermocouple may be 5°C (9°F) higher than that specified if the temperature of the coil as measured by the
resistance method is not more than that specified.

¢ The temperature limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to a compound that
has been investigated and found to have acceptable heat-resistant properties.

4 A short length of rubber- or thermoplastic-insulated flexible cord inside the power unit may be exposed to a temperature of more
than 60°C (140°F) if supplementary insulation acceptable for the measured temperature and of adequate dielectric properties is
employed on each individual conductor.

¢ The maximur allowable temperature shall not exceed the temperature limit of the wire except as noted in (d).

A capacitor th
may be judged
9 Unless a the]
point of the co
and Ring-Appa

" A temperatur|
material suitab
A component
rating.

I A handle, kng
(0.13 mm) or I4

K A commercia

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

Imosetting compound, the maximum sealing compound temperature limit is 15°C (27°F) less than th
npound as determined in accordance with the Test of Softening Point of Resins Derived from Naval
ratus, ASTM E28.

b limit of 85°C (185°F) is acceptable if the stack assembly is insulated with phenelic composition or g
e for a temperature of 150°C (302°F).

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

p, or the like made of a material other than metal, that is plated ©r'clad with metal having a thickness
ss, shall be judged as a nonmetallic part.

power unit may exceed the temperature limits for surfaces subject to casual contact if all of the follo}

for other types

b softening
Btores by Ball-

ther insulating

facturer's

of 0.005 inch

wing conditions

are met:
e power unit is intended to be permanently installed so that it is not likely to be contacted by people;
b power unit is marked as required by 61.1.8;\and

P power unit is provided with instructions'as specified in 62.1.2.

sted after 15
s of a battery,

42.2 If the|load specified in 414 includes a variable resistance, the load is to be adju
minutes of operation, if necessary, to return the output to the original value. If the load consist
the battery is|to be discharged’as specified in 41.4 or 41.5, as applicable.

is tested with
| by a second
re, whichever

42.3 If a bgttery charger which is not likely to be used for consecutive charging of batteries
a battery loag, thetest is to be continued until temperatures peak. The load is to be replaceq
discharged Hattery: The test is terminated when temperatures peak or temperatures stabili
occurs first during the second load condition

42.4 A battery charger which is likely to be used for consecutive charging of batteries is to be tested with
the intended battery load. The test is to be conducted in accordance with 41.5.

42.5 With respect to 42.4, a consecutive charger is to be tested in accordance with the following:

a) For a charger with no charge status indicator, the test is to be continued until temperatures peak.
The load is to be replaced with another discharged battery. This sequence is to be repeated until
maximum temperatures are obtained.

b) For a charger with a visual charge status indicator, the test is to be continued until the visual
indicator indicates that the charge cycle is complete. The load is to be replaced with another
discharged battery. This sequence is to be repeated until maximum temperatures are obtained.
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c) For a charger with a charge time marking or instruction, the test is to be continued until the
specified charge time has elapsed. The load is to be replaced with another discharged battery. This

seque

nce is to be repeated until maximum temperatures are obtained.

d) For a charger with both a visual charge status indicator and a charge time marking or instruction,
the test is to be continued until the specified charge time has elapsed or until the visual indicator
indicates that the charge cycle is complete, whichever occurs first. The load is to be replaced with
another discharged battery. This sequence is to be repeated until maximum temperatures are

obtain

42.6

ed.

With reference to 42.1, a power unit having primary or secondary voltage adjustment taps for

intended use shall operate within the temperature limits at any setting including the maximum and

intermediate
42.7 A protd

42.8 A pow
to be tested
surface is to g

42.9 Unlesq
or rubberlike
insert, such 3
insert. At the

42.10 Athe
thermal conts
contact resul
involved, braz

4211 Call
surfaces, exd
thermocouple

a) Imn
b) Wr4g

c) Wra
inch ((

positions.
ctive device shall not operate during the temperature test.

er unit intended for mounting or support in more than one position Qnrin a confin
n a manner representing the most severe conditions. An adjacent mounting
onsist of 1-inch (25.4-mm) thick soft-pine boards.

investigated and found acceptable — see 7.4.2 — a supporting means formed

material is to be removed prior to the temperature tést. If the supporting means
s a screw or rivet, the test is to be conducted with the power unit supported
equest of the manufacturer, the test may be conducted without any means of su

rmocouple junction and the adjacent thermiocouple lead wires are to be held seg
ct with the surface of which the temperature is being measured. Usually adeq
s from securely taping or cementing’the thermocouple in place but, if a mef
ing or soldering the thermocouple, to the metal may be necessary.

and winding temperatures{are to be measured by thermocouples located
ept that the resistance(method may be used for a coil that is inaccessible
s, such as a coil:

nersed in sealing eompound;

pped with.thermal insulation; or

.8.mm) thick.

bd |location is
br supporting

bf soft rubber
has a metal
by the metal

pport.

urely in good
uate thermal
al surface is

on exposed
for mounting

pped with more than two layers of material such as cotton, paper, or rayon more than 1/32

In an alternating-current motor, the thermocouple is to be mounted on the integrally-applied insulation of

the coil wire.

42.12 The temperature rise of a winding is determined by the resistance method by comparing the
resistance of the winding at a temperature to be determined with the resistance at a known temperature

according to t

in which:

he formula:

R
At=—(k+ 1)~ (k+ 1)

At is the temperature rise of the winding in degrees C;
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R is the resistance of the coil at the end of the test in ohms;

r is the resistance of the coil at the beginning of the test in ohms;

t, is the room temperature in degrees C at the beginning of the test;
t, is the room temperature in degrees C at the end of the test; and

k is 234.5 for copper, 225 for electrical conductor grade (EC) aluminum; values of the constant for
other conductors are to be determined.

The winding is to be at room temperature at the start of the test.

42.13 All tgmperature limit values in Table 42.1 are based on an assumed ambient tempernature of 25°C
(77°F). However, with correction of temperature measurements, tests may be conducted\in other ambients
as described|in Table 42.2.

Table 42.2
Temperature measurement correction

Ambient tethperature rating of unit Test ambient temperature Correction of observed temperature
1.25°C (77°F) Range of 10 —40°C (50 — 1042F) See note a, itgm 1
2. Range of 25— 40°C (77 — 104°F) Range of 20— 40°C (68 — 104°F) See note a, itgm 2
3. Above 40°C|(104°F) Rated ambient See note b c

@ Correction offtemperature, as determined by item 1 or 2 below, shalhnot exceed the temperature limit specified in[Table 42.1:
1) An|observed temperature is to be corrected by addition (if the test ambient temperature is lower than 24°C (77°F)) or
by suptraction (if the test ambient temperature is higher than 25°C (77°F)) of the difference between 25°C|(77°F) and the
test ambient temperature.
2) An|observed temperature is to be corrected by addition (if the test ambient temperature is lower than the rated ambient
tempgrature) or by subtraction (if the test.@mbient temperature is higher than the rated ambient temperatufe) of the
differgnce between the rated ambient temperature and the test ambient temperature.

® Allowable tol¢rances are:

Minug — not less than §°C+(9°F) below rated ambient.

Plus + not specified.

¢ If the test ambient'temperature equals rated ambient, no correction is to be made, and an observed temperature ghall not exceed
the temperaturg limit specified in Table 42.1. If the test ambient temperature is other than rated ambient, correction|is to be made
as described in item 2 of note a.

4214 Thermocouples are to consist of wires not larger than 24 AWG and not smaller than 30 AWG.
When thermocouples are used in determining temperatures in electrical equipment, it is common practice
to employ thermocouples consisting of 30 AWG iron and constantan wire and a potentiometer type
instrument. Such equipment is to be used whenever referee temperature measurements by
thermocouples are necessary. The thermocouples and related instruments are to be accurate and
calibrated in accordance with good laboratory practice. The thermocouple wire is to conform with the
requirements listed in the "Tolerances on Initial Values of EMF versus Temperature" tables in the Standard
Specification and Temperature-Electromotive Force (EMF) Tables for Standardized Thermocouples,
ANSI/ASTM E230/E230M.
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42.15 A temperature is considered to be constant when three successive readings taken at intervals of
10 percent of the previously elapsed duration of the test, but not less than 15 minutes, indicate no further
increase.

43 Dielectric Voltage Withstand Test

43.1 General

43.1.1  While still in a heated condition, a power unit shall withstand for 1 minute without breakdown the
application of a 60-hertz essentially sinusoidal potential of:

a) One_thousand volts plus twice the maximum rated voltage between:

1) The primary circuit and dead metal parts; and
2) The primary and secondary circuits.

b) On¢ thousand volts between live and dead metal parts of a motor.

c) Five¢ hundred volts between a secondary circuit operating at 60.volts dc or less or|50 volts rms

(70 vdlts peak) or less and dead metal parts; 1000 volts plus twice the maximum rate
circuit|voltage between a secondary circuit operating at more(than 60 volts dc or more
rms (70 volts peak) but less than 1000 volts (1414 volts peak) and dead metal parts; g
seven| hundred fifty volts plus 1.25 times the maximum voltage between a secg

d secondary
than 50 volts
ne thousand
ndary circuit

operaling at more than 1000 volts rms (1414 volts peak), and dead metal parts. Chassis-connected

compa@nents are to be disconnected at the chassis,

d) On
directl
capac

e thousand volts plus twice the rated.\voltage between the terminals of a c4
y across the line prior to a rectifier or.similar network, and between terminals of
tor connected between the line andthe enclosure;

pacitor used
b line-bypass

tion No. 1: If a capacitor-is- connected on the load side of a transient
¢ssor that has been previously evaluated for suppression in accordan

pltage surge
ce with the
0 be equal to

jected to this

a) The )Standard for Capacitors and Suppressors for Radio- and Te
Appliances, UL 1414, or

evision-Type

e) One thousand volts plus twice the rated voltage between coils of an inductor where the coils are
of opposite polarity and share a common coil form.

43.1.2 To determine whether a power unit complies with the requirements in 43.1.1, the power unit is to
be tested using a 500 volt-ampere or larger capacity transformer, the output voltage of which can be
varied. The applied potential is to be increased from zero until the required test level is reached, and is to
be held at that level for 1 minute. 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.

43.1.3 If the current through a capacitor or capacitor-type filter connected across the line, or from line to
earth ground, is large enough to make it difficult to maintain the required alternating-current test potential,
the capacitor and capacitor-type filter may be tested as described in 43.1.4.
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43.1.4 The capacitor or capacitor-type filter mentioned in 43.1.3 is to be subjected to a dc test potential
of 1.414 times the rms value of the test voltage specified across the capacitor terminals. The dc test
potential is to be maintained for 1 minute without breakdown.

43.2 Induced potential test

43.2.1  With reference to Table 26.1, note (h), item (2), a sample of a magnet coil winding shall be
subjected to this test. While in a heated condition from operation as described in the Temperature Test,
Section 42, the primary winding of the transformer shall withstand without breakdown an alternating
potential of twice the rated voltage of the winding.

43.2.2 The

pni’nhfial is-to-be:

a) Agplied for 7200 cycles if the test potential frequency is 120 hertz or more; or

b) 60 seconds if the frequency is less than 120 hertz.

An increased test frequency may be necessary so the core is not saturated. The test vo
started at ong-quarter or less of the full value and increased to full value in*1§"seconds or les
held for the fime specified, the voltage is to be reduced within 5 seconds to one-quarter

maximum vajue and the circuit is to be opened.

tage is to be
s. After being
br less of the

43.2.3 With
reached in th

reference to 43.2.1, a transformer may be conditioned in an oven to obtain the temperature
e Temperature Test, Section 42, before conducting the induced potential test.

43.3 Maximum-voltage measurements

43.3.1 The|maximum voltage used as a basis\for the calculation of the dielectric voltage-yithstand test

potentials sp
35, Spacings

43.3.2 A cq
is to be both

pcified in 43.1 and 43.2, and the-determination of the minimum spacings specif]
, shall be determined in accordance with 43.3.2 and 43.3.3.

nnector or comparable pait that is capable of being disconnected during inten
connected and disconnected during the test so that the maximum voltage is obt3

43.3.3 Wh
value is to

n a complex Voltage is present, the peak value of the voltage is to be meas|
used for calculation of the dielectric voltage-withstand potential and determ

ed in Section

led operation
inable.

ured and this
ination of the

minimum spacings. For‘a sinusoidal or a direct-current voltage, the rms or average value, r
to be measured.

bspectively, is

44 Tests op Insulating Materials

44.1 When required by Exception No. 2 of 35.3.1, or item (c) or (g) of Table 26.1, insulating material shall
be subjected to the test described in 44.2.

442 The test sample is to be placed between two opposing electrodes. The electrodes are to be
cylindrical brass or stainless steel rods 1/4 inch (6.4 mm) in diameter with edges rounded to a 1/32-inch
(0.8-mm) radius. The upper moveable electrode is to weigh 50 +2 grams (1.76 +0.08 ounces) to exert
pressure on the sample to provide intended electrical contact. The applied test potential is to be increased
to the test value and held at that value for 1 second. There shall be no dielectric breakdown.

45 Mechanical Strength Tests for Metal Enclosures

45.1 In accordance with Table 35.1, item (g), or Table 35.2, item (h), or the Exception to 7.1.3, an
enclosure shall withstand the two tests described in 45.2 and 45.3:
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a) Without permanent distortion to the extent that spacings are reduced below the values specified
in Table 35.1 or Table 35.2, as applicable;

b) Without transient distortion that results in contact with live parts other than those connected in a
low-voltage circuit; and

¢) Without development of openings that expose parts that involve a risk of electric shock or injury.
Any openings resulting from the test are to be judged under the requirements for Accessibility of
Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section 8.

452 For the first test specified in 45.1, the enclosure is to be subjected to a 25 pound-force (111 N) for 1
minute. The force is to be applied by means of a steel hemisphere 1/2 inch (12.7 mm) in diameter.

45.3 For the
(6.8 J). The

diameter and
distance of 51

46 Strain Relief and Bushing

46.1
a direct pull
disconnected

such movemeént of the cord as to indicate that stress on the connections would have resulted.

Exception: TH
withstand for
output cord (
primary or dg
wiring.

46.2 A 35-p
and supporte
construction

The stfain relief means provided on a flexible cord shall withstand-for 1 minute without

second test specified in 45.1, the enclosure is to be subjected to an impactof §
mpact is to be applied by means of a smooth, solid, steel sphere 2 inches
having 1.18 pounds (535 g) mass. The sphere is to fall freely fromcrest throy
inches (1.29 m).

of 35 pounds (156 N) applied to the cord, with 4€he* connections within thg
The strain relief is not acceptable if, at the point ofddisconnection of the condug

e strain-relief means provided for the output cord on a power unit with a Class !
1 minute a direct pull of 20 pounds (89:N). The results are considered acceptal
onnected internally, movement of:the cord does not result in a reduction of
ad metal parts, damage to the transformer or enclosure, or interruption of the

d by the power unit so that the strain relief means will be stressed from a
f the power unit pefmits.

47 Push-B

471

To deferminecompliance with 12.4.4, a product shall be tested in accordance with
occurrence of any of the conditions specified in or 12.4.4 (a) — (d).

ck Relief Test

foot-pounds
50.8 mm) in
gh a vertical

displacement
b power unit
tors, there is

P output shall
le if, with the

spacings to
output-circuit

ound (16-kg) or a 20-paund (9-kg) weight, as applicable, is to be suspended from the cord

ny angle the

47.2 without

47.2 The supply cord or Tead is to be held T inch (25.4 mm) from the point where the cord or lead
emerges from the product and is then to be pushed back into the product. When a removable bushing
which extends further than 1 inch is present, it is to be removed prior to the test. When the bushing is an
integral part of the cord, the test is to be carried out by holding the bushing. The cord or lead is to be
pushed back into the product in 1-inch (25.4-mm) increments until the cord buckles or the force to push the
cord into the product exceed 6 pounds-force (26.7 N). The supply cord or lead within the product is to be
manipulated to determine compliance with 12.4.4.

48 Overload of Switches and Controls

48.1 Unless known to be acceptable for the application, a switch or other device that controls a solenoid,
a relay coil, or the like, shall perform acceptably when subjected to an overload test consisting of 50 cycles
of operation making and breaking the applicable load, and to an endurance test consisting of 6000 cycles
of operation at rated load. There shall be no electrical or mechanical breakdown of the device, undue
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burning or pitting of the contacts as a result of the overload or endurance test, or opening of the fuse in the
grounding connections.

48.2 To determine whether a switch or other control device complies with the requirements in 48.1, the
power unit is to be connected to a supply circuit of rated frequency and 110 percent of maximum rated
voltage. The load for the device under test is to be the same as that which it is intended to control in
regular service. During the test, exposed dead metal parts of the power unit are to be connected to ground
through a 3-ampere plug fuse. The device is to be operated at a rate of not more than 10 cycles per
minute, except that a faster rate of operation may be employed if agreeable to those concerned.

48.3 A switch or other device that controls a motor and has not been shown to be acceptable for the
purpose, unless interlocked so that it does not break the locked rotor current of the motor, shall perform

acceptably w
the locked-rg
undue pitting

48.4 To de
power unit is|
—see Table ]
of the power
such that arn
supply circuif
exposed de
rupturing co
except that a

49 Static L

491 A mo
permanent d

49.2 When
specified in 4

49.3 Reganding 49.2, the supporting means of a power unit shall support a static load of

load support
a) Aq

b) Ag

hen subjected to an overload test consisting of 50 cycles of operation, making
tor current of the motor. There shall be no electrical or mechanical breakdown
or burning of the contacts, or opening of the fuse in the grounding connéction.

ermine whether a switch or other control device complies with the)requiremer
to be connected to a grounded supply circuit of rated frequency and maximum
$9.1 — with the rotor of the motor locked in position. During the ‘test, exposed ded
unit are to be connected to ground through a 3-ampere plug. fuse, and the conn
y single-pole, current-rupturing device will be located.in"the ungrounded con
. If the power unit is intended for use on direct current, or on direct and alternatin
d metal parts are to be connected to be positive with respect to a single-
trol device. The device is to be operated at.a fate of not more than 10 cycle
faster rate of operation may be employed if agreeable to those concerned.

oad Test

inting means for a fixed power unit shall withstand the load test referenced in
eformation, breakage, or cracking of the mounting supports.

mounted as recommended by the manufacturer, a power unit shall comply
9.3.

bd by the meunting means but not less than 20 pounds (9.1 kg):
plied through the center of gravity of the power unit in the downward direction; o

plied/evenly over the horizontal plane of the power unit.

and breaking
of the device,

t in 48.3, the
rated voltage
d metal parts
bction is to be
ductor of the
g current, the
bole, current-
S per minute,

49.2 without

with the test

our times the

-

50 Stability Test

50.1

on a level surface when:

a) Either:

1) Tipped through an angle of 10 degrees from an at-rest position on a horiz
or

A portable or stationary power unit shall not overturn and shall return to its intended at-rest position

ontal surface;

2) Placed on a plane inclined at an angle of 10 degrees from the horizontal; and

b) For a floor-standing unit only, subjected to an externally-applied horizontal force of 20 percent of
the weight of the power unit or 50 pounds (22.8 kg), whichever is less.
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50.2 The power unit is not to be energized during the test required by 50.1. The test is to be conducted

under the conditions most likely to cause the power unit to overturn. The following conditions
be such as to result in the least stability:

a) Position of all adjustable or movable parts such as doors, drawers, or casters;
b) Supply cord and output leads resting on the supporting surface;

c) Provision for or omission of any normal mechanical load in the power unit such as
and

d) Direction in which the power unit is tipped, or the supporting surface is inclined.

of test are to

stored parts;

50.3 With reference to the requirements in 50.1, the force specified in 50.1 (b) is to. be
horizontal dir¢ction at that point on the floor-standing power unit most likely to overturn‘the’p
is not to be gpplied more than 5 feet (1.52 m) above floor level. The legs or points |of suf
blocked to prevent the unit from sliding during the application of the force.

50.4 With r¢ference to the requirement in 50.1(a)(1) for an appliance that is constructed
being tipped through an angle of 10 degrees a part or surface of the, power unit not inten
contact with {he horizontal supporting surface touches the supportingsurface before the pg
been tipped through an angle of 10 degrees, the tipping is to be continued until the surface o
surface of th¢ power unit originally in contact with the horizontalsupporting surface is at ar
degrees from|the horizontal supporting surface.

51 Isolated|Limited Energy Circuit Capacity

51.1 To determine if a power unit has limited output circuit capacity as defined in 6.13, th

shall be subjgcted to the test described in 51.2 and51.3. The unit is to be energized from a c
frequency at the voltage specified in Table 39.1"

51.2 An isolated limited-energy circuitiof“a linear or switch mode power unit shall have an
capacity of 100 volt-amperes or less when measured one minute after energization of the po
additional cirguits derived from th&.same transformer are to have the circuits loaded to max
operating conditions.

51.3 Each gecondary winding of an isolated limited-energy multisecondary transformer is to
turn with a vgriable resistor. The transformer is to be at room temperature at the beginning o
the test. The load resistance is to be decreased from open-circuit to short-circuit in such a ma
elapsed time |s between 1-1/2 and 2-1/2 minutes. Depending upon the open-circuit voltage o

applied in a
pwer unit but
port may be

5o that while
ded to be in
wer unit has
" plane of the

angle of 10

e power unit
rcuit of rated

output circuit
wer unit. Any
mum normal

be loaded in
each part of
nner that the
the winding,

the maximum| outputs obtained by this method are to be as follows:

a) 350 volt-amperes for 0 — 15 volts.

b) 250 volt-amperes for 15.1 — 30 volts.

¢) 200 volt-amperes for 30.1 — 1000 volts.
52 Overcurrent Protection Calibration Test
52.1

secondary circuit, in accordance with 36.10, shall operate to open the circuit in not more t
indicated in Table 52.1, when the transformer is delivering the specified secondary current.

A fuse, or circuit-protective device, provided in the primary of a transformer for protection of the

han the time
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Table 52.1
Maximum required time to open

Maximum time for overcurrent
Rated secondary potential, volts Secondary test current, amperes protective device to open, minutes
20 or less 10 2
20 or less 6.75 60°
Over 20 200/V nax 2
Over 20 135/V nax 60°

@ After 15 minutes of operation, the current is to be readjusted to the value shown.

52.2 To defermine whether a fuse or circuit-proteciive device complies with the requireme

transformer
described in
test current.
the test is to

52.3 When
tap, each w
windings del

53 Neutral

53.1 In acg
as a grounde

a) Oy

b) Dd

The electric

electric shock.

s to deliver the test current to a resistive load, with the primary connected 't
50.1. During the 2-minute test, the load is to be adjusted continuously to maintai
Puring the 60-minute test, the load is to be adjusted once after 15 minutes of g
be continued without further adjustment.

the fuse or circuit protective device is used to protect more‘than one seconds
nding or partial winding is to be tested as indicated in<521 or 52.2, with
vering rated load.

to Ground Potential Measurement Test

prdance with 20.12, a unit having a grounding type receptacle or a lead or tern
d circuit that is not grounded at the unit itself shall be subjected to this test. The

erate with no load connected to the quiput terminals; and

liver maximum rated output into @variable resistor adjusted to result in rated loa

energy available between\the grounded conductor and ground shall not prog

54 Abnormal Tests

54.1 Gene

5411 Apq
subjected to

al

wer unit shall not emit flame or molten metal or result in a risk of fire or electri
[he\tests specified in 54.2 — 54.12.

ht in 52.1, the
D a circuit as
h the required
peration, and

ry winding or

he remaining

inal identified
init is to:

==

uce a risk of

C shock when

54.1.2 During each test:

a) The grounding means of the power unit, if provided, are to be connected directly to ground;

b) The unitis to be placed on a softwood surface covered with white tissue paper; and

c) A single layer of cheesecloth is to be draped loosely over the entire enclosure. The cheesecloth
is to be untreated cotton cloth running 14 — 15 yards per pound (26 — 28 m?/kg) and for any square
inch, a count of 32 threads in one direction and 28 in the other direction.

Exception: For a power unit without openings in the bottom panel, it is not necessary to place the unit on a
softwood surface covered with white tissue paper.


https://ulnorm.com/api/?name=UL 1012 2021.pdf

84 UL 1012 MARCH 30, 2021

54.1.3 The supply circuit is to have branch circuit overcurrent protection, the size of which equals 125
percent of the input current rating (20-amperes minimum).

Exception: If the size of protection does not correspond with the standard rating of a fuse or circuit breaker,
the next higher standard device rating is to be used.

54.1.4 A protective device such as a fuse or a circuit breaker provided as part of a power unit is to remain
in the circuit. The highest rated fuse the fuseholder will accept is to be installed.

Exception No. 1:
manufacturer.

A commercial power supply may be tested with the fuse recommended by the

Exception Ng
manual need

54.1.5 The {est voltage is to be adjusted to the value specified in Table 39.1.

5416 Any
operating con

5417 Ifa
continued un
reset protectd
functions duri

h

. 2: An internal fuse that is not referenced by markings, wiring diagrams, @rt
not be replaced.

dition.

anual or automatic reset protector does not functienyduring these tests, each
there is no indication of further change as a resdlt of the test condition. If an
r functions during the tests, the test is to be continued for 7 hours. If a manual re

faster rate th

the test. The {following are considered as an acceptable termination of the test:

a)
printe

b) Op
c) Op

Exception Ng.

Molded-Case
operated for
per minute.

Exception No

Opening or shorting of one or morg\capacitors, diodes, resistors, semicondu

ng the test, it is to be operated for 10 cycles Gsing the minimum resetting time|
n 10 cycles of operation per minute. Thepretector should be operative upon g

wiring board traces, or the like, ifithere is no indication of further change;
Ening of the intended branch-circuit overcurrent protective device; or

bning 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 4
B cycles using the minimum resetting time but not at a rate faster than 10 cycles

2.\For the reverse polarity test, the seven hour duration does not apply. See 54.

e instruction

user operated control is to be adjusted to the position representing the mpost adverse

test is to be
hutomatically
set protector
but not at a
ompletion of

ctor devices,

Standard for
89, it is to be
of operation

10.2.

54.1.8 Following each test, the dielectric voltage withstand test specified in 43.1.1(a) is to be conducted.

A risk of fire o

r electric shock is considered to exist if any of the following occur:

a) Flame or molten metal is emitted from the enclosure of the equipment as evidenced by ignition,
glowing, or charring of the cheesecloth or tissue paper;

b) A breakdown results from the dielectric voltage withstand test; or

c) Live parts are made accessible. See 8.1.

Exception: The dielectric evaluation from primary to ground required by 43.1.1 (a) (2) need not be
conducted following the transformer overload tests specified in 54.7.
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54.1.9 Each test is to be conducted on a separate sample unless more than one test on the same
sample is agreeable to those concerned.

54.2 Output short-circuit test

54.2.1

The external output connections are to be short circuited. A power supply having more than one

output circuit is to be subjected to a separate test on each output with the other outputs loaded or
unloaded as may occur in actual service, unless it can be determined that one condition will produce the
most unfavorable result.

54.3 Block

ed fan test

54.3.1 Apd
rotor of the
conducted w|

Exception: If
locked simull

54.4 Fuse

5441 If re
power unit.

54.5 Voltag

5451 In 4
selector sha
selector rang
range.

54.6 Relay,|

54.6.1 An

wer unit having a fan motor is to be operated as in the temperature test and-in'g
an motor blocked. For a power supply having more than one fan motér; the
th the rotor of each blower motor blocked, one at a time.

agreeable to all concerned, all fan motors in a unit having morethan one fan
aneously.

short circuit test

quired by 30.4, five fuses are to be short-circuited directly across the output

e selector test

ccordance with 12.3.7 and 12.3.8,:adproduct equipped with an operator adjus
| be subjected to this test. The selector is to be adjusted to the lowest voltg
e. The unit is to then be connécted and operated at the highest voltage withi

and solenoid burnout

bpen-coil electromagnetic relay or solenoid is to be tested by blocking the ar

plunger in th¢ de-energized position.

54.7 Trans|

5471 Atrg

former‘overload tests

nsformer rated 10 kilovolt amperes or less shall be tested in accordance with 54

4.1.7 with the
test is to be

motor may be

Lcircuit of the

table voltage
ge within the
h the selector

mature or the

54.7.2 An adjustable resistive load is to be connected directly to the secondary winding of each
transformer and adjusted to result in the load condition described in (a) or (b). For a tapped winding, the
load is to be connected between the outer winding legs. Opening of the intended branch circuit overcurrent
protection device described in 54.1.3, or an internal overcurrent protection device connected in the
primary-winding circuit, is capable of being used as termination of this test.

a) For atransformer having a single isolated secondary winding, the load is to be adjusted to result
in maximum volt-ampere output while not resulting in more than three times the maximum normal
current — as measured during the input test — to flow in the primary winding.

b) For a transformer having multiple isolated secondary windings, each secondary winding is to be
tested separately; that is, with the winding under test loaded with an alternating current equal to
three times the rms value of the secondary current flowing through that winding during maximum
normal operation of the unit and the other isolated windings each loaded with an alternating current
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equal to the rms value of the secondary current flowing through their respective windings during
maximum normal operation of the unit. When the test current is not obtainable due to the
transformer being supplied from a means limiting the current to less than three times the normal
load current, the winding is to be loaded to a condition resulting in maximum obtainable input
current.

Exception No. 1: When a transformer employed in a switch-mode inverter or converter circuit is subjected
to the transformer overload test described in 54.7.5, this test is not required to be performed.

Exception No. 2: A transformer complying with the Standards for Low Voltage Transformers — Part 1:

General Requirements,

UL 5085-1, and Low Voltage Transformers — Part 2: Gen

eral Purpose

Transformersguua&&mmwmmmmmmemmmmormers, UL
1561, is not réquired to be subjected to this test.

Exception No
not required

a) Th
the St
3;

b) Th

c) Tl
Televi

Exception No
circuit that do

54.7.3 A fe
maximum inp

54.7.4 Duri
external to th
circuit.

5475 Inreg
connected to

a) Ca

3: A transformer which complies with the requirements in any of the following
b be subjected to this test:

e Standard for Low Voltage Transformers — Part 1: General Requirements, UL
andard for Low Voltage Transformers — Part 3: Class 2 and.Class 3 Transforme
p Standard for Class 2 Power Units, UL 1310; or

he Standard for Transformers and Motor Transformers for Use in Audio-,
sion-Type Appliances, UL 1411.

4: A signal or gate-drive transformer that'is rated 10 watts or less and having|
s not extend out of the unit is not required to comply with this requirement.

rroresonant transformer is to be’/tested with the secondary winding loaded
Ut current.

ng the tests described in"54.7.2 and 54.7.3, secondary circuit protective deyv|
e transformer are 40.'be bypassed. Primary circuit protective devices are to

ference to~-Exception No. 1 to 54.7.2, the power circuit supplied by the transfo
A resistive load that draws maximum obtainable current without:

Lisifig operation of internal overcurrent protection devices or a protection circuit;

standards is

5085-1, and
rs, UL 5085-

Radio-, and

a secondary

0 obtain the

ces that are
be left in the

rmer is to be

pr

b) Resulting in opening of a circuit component, such as a diode, resistor, solid state device, or
similar component.

54.8 Component short- and open-circuit test

54.8.1

Components in the input power circuit, whose failure results in an increased risk of fire and

electric shock, shall be subjected to a short of any two terminals, or an open at any single connection, one
test at a time, during any condition of operation. Also, with reference to Exception No. 1 of 31.1,
components in a regulating network shall be similarly tested. These components include electrolytic
capacitors, diodes, and solid state devices or any other component not previously investigated and found
to meet the requirements for the application.
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Exception No. 1: An electromagnetic and radio frequency interference capacitor that complies with the
dielectric voltage withstand test in 43.1.1(d), a resistor, a transformer, an inductor, or an optical isolator is
not required to be subjected to this test.

Exception No. 2: This test is not required to be conducted when the components have been investigated
and found to have permanence and stability as to not decrease their limiting capabilities. For the purpose

of this test, capacitors connected across the output are not required to be subjected to an open.

54.8.2 Three tests of each combination, using untested components for each test, shall be conducted.

Exception: If analysis of the test results and circuit indicate that the result obtained is the only one likely to

occur, the te

t need be conducted. r\nly once-

54.9 Backfieed protection

5491 ADbdg
simulated co
into the secq
source consi

a)Af

b) A g
and g

The test is tq
subjected to
no emission
breakdown.

549.2 Ina

ttery charger provided with backfeed protection in accordance with.15.2 shall b{
mponent faults, one at a time, of open or short circuit which may result in backfi
ndary circuit (refer to 54.9.2). During the test the output connector shall be ¢
5ting of either:

illy charged battery of the size, type, and number specified by the manufacturer

¢ source with a no load voltage rating equal to the Butput voltage rating of the b
nominal short-circuit capacity of 200 amperes.

be continued until ultimate results are obtained. One minute after the test, thg
the dielectric voltage withstand test of 43.1.1 (a) and (c). As a result of the test,
of flame or molten material from the.éhclosure or output cord, and no indicatig

Ccordance with 54.9.1, faults shall be simulated for components such as diode

capacitors, and the like unless the_components have permanence and reliability. If a

protector, su
requirements

Ch as a fuse or PTG, operates to limit the backfeed current, the protector sha
applicable to the.eomponent.

54.10 Autgtransformer

54.10.1 A
be subjected

ower unit'having a primary- or secondary-circuit autotransformer for voltage ad
to thexabnormal conditions described in 54.10.2 and 54.10.3.

b subjected to
bed of current
bnnected to a

or

bttery charger

unit shall be
there shall be
n of dielectric

5, transistors,
N overcurrent
| comply with

justment is to

54.10.2 With the movable element of the autotransformer set at the midpoint position, the power unit is to
be connected to a supply adjusted to the voltage specified in Table 39.1. The output is to be connected to
a resistive load adjusted to draw 125 percent of rated output current.

Exception: A nonadjustable autotransformer having tap adjustments is to be connected as near 50 percent
of the highest position as possible.

54.10.3 Under the conditions described in 54.10.2, the output resistive load is to be readjusted to draw
rated current. The movable element of the autotransformer is then to be moved from its minimum to its
maximum position and back for 100 cycles — the first 15 cycles as rapidly as possible, and the remainder
at a rate of approximately 10 cycles per minute.
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54.11 Evaluation of reduced spacings on printed-wiring boards
54.11.1 In accordance with Exception No. 3(a) of 35.1.1, printed-wiring board traces of different potential

having reduced spacings shall comply with:

a) The dielectric voltage-withstand test described in 54.11.2 and 54.11.3, for a unit investigated for

use in

a controlled environment; or

b) The shorted trace test described in 54.11.4 and 54.11.5, for a unit investigated for use in either a
controlled or general environment.

54.11.2 A printed-wiring board, as specified in 54.11.1(a), shall withstand for 1 minute without breakdown

the applicatic
accordance W

54.11.3 Po
traces having
rather than th

54.11.4 Prin
time, and the

a) Th

b) AW
When the cir
components

and the test ¢
of a trace ope

Exception: A

n of a dielectric withstand potential between the traces having reduced
ith 43.1, as appropriate.

ver-dissipating component parts, electronic devices, and capacitofs ,conneg
reduced spacings, are to be removed or disconnected so that the spacings an
ese component parts, are subjected to the full dielectric voltage-withstand test p

ted-wiring board traces, as specified in 54.11.1(b), are to be short-circuited, one
test is to be conducted as described in 54.1. As a result of this test:

b overcurrent protection associated with the branch.girCuit to the unit shall not op

ire shall not open.

Cuit is interrupted by opening of a component, the test is to be repeated twic
vhen required. When a printed wiring-board trace opens, the gap is to be electr
pntinued until ultimate results occur\and the procedure is to be repeated for eac
ning.

fter opening of an internal~overcurrent protective device, the test is not re

spacings, in

ted between
H insulations,
ptential.

location at a

en; and

b, using new
cally shorted

h occurrence

quired to be

repeated.

54.11.5 The test of 54.11.4 is\to be continued for 1 hour, or until one of the conditions descriped in 54.1.8
occurs. Wher, at the end of 4-hour, no condition described in 54.1.8 has occurred, and it is indicated that
such a condifion is imminent, the test is to be continued until ultimate results are obtaingd (usually 7
hours).

54.12 Reverse polarity test

54.12.1 The external output leads are to be connected in reverse polarity to a fully charged, lead-acid

battery.

Exception: A battery charger having output terminals or leads for fixed wiring, or leads terminating in a
polarized plug or plugs need not be subjected to the reverse polarity test.

54.12.2 This test is to be continued for 4 hours if an automatically reset protector functions during the
test. See 54.1.7 if other than an automatically reset protector functions during the test.
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55 Flanged Bobbin Transformer Abnormal Test

55.1 A flanged bobbin transformer required to be tested, as outlined in Exception No. 1(c) to 26.2.3 (also
see 26.1.3 and 26.2.4), is to operate for 15 days with the secondary winding or windings loaded to the
conditions described below in (a) — (c). A risk of fire or electric shock shall not result from:

a) Loading the secondary winding to maximum current;

b) Loading the secondary winding to a current equal to maximum normal current plus X percent of
the difference between the maximum current and the maximum normal current — where X equals
75, 50, 25, 20, 15, 10, and 5, respectively; and

L PUH Ll <l HA H + H l 4+
C) auuly UIrc oCTLUUI |ua|y VVIIIUIIIS W ITTIAAnTanT rortriar GUTTCIIL.

Exception: Altransformer satisfies the intent of this requirement when it complies with-the cofstruction and
performance|requirements in one of the following:

a) The Standard for Class 2 Power Units, UL 1310;

b) The Standard for Low Voltage Transformers — Part 1: General Réquirements, UL 5085-1, and
the Standard for Low Voltage Transformers — Part 3: Class 2 and. Class 3 Transformegrs, UL 5085-
3; or

c) The Standard for Transformers and Motor Transformers for Use in Audio-,| Radio-, and
Television-Type Appliances, UL 1411.

55.2 The results of the test shall not indicate glowing or flaming of the cheesecloth, nor indicate a
breakdown, When the tests described in 43.1 are conducted.

55.3 Samples for the 15-day abnormal operation tests are to be prepared as follows:
a) The transformer is to be mounted-either:
1) In the unit enclosure-as intended under the conditions described in 54.1.2 (b) and (c); or

2) On a test bench with the cheesecloth specified in 54.1.2(c) draped over th¢ transformer;
and

b) All secondary*windings are to be loaded to rated current before the abnormdl condition is
introduced. Afterward, the loads, other than that connected to the winding to be overlgaded, are not
to be readjusted.

55.4 While still in a heated condition from the tests described in 55.1, a transformer shall withstand the
dielectric voltage-withstand test described in 43.1.1(a)(1). The dielectric voltage-withstand-test potential is
to be applied to the transformer 1 minute after completion of the abnormal-operation test.

55.5 The abnormal tests are able to be conducted with a protective device built into the transformer or
with an external protective device used with the transformer in the unit connected in either the primary or
secondary circuit, or in both. A protective device that is relied on to open the circuit as a result of an
abnormal test is to be investigated and found capable of being used for the purpose.

55.6 For the purpose of these requirements, each secondary winding tap and each primary winding tap
used to supply power to a load in the unit is the equivalent of a secondary winding.

55.7 For the sequence of tests described in 55.1, when an abnormal-operation test continues for 15 days
without a winding or a protective device opening, the remaining tests are not required to be conducted. For


https://ulnorm.com/api/?name=UL 1012 2021.pdf

90 UL 1012 MARCH 30, 2021

example, when the test described in 55.1(a) continues for 15 days, the tests described in (b) and (c) are
not required to be conducted.

55.8 For a transformer that employs more than one secondary winding, each of the secondary windings
is to be loaded for each condition specified in 55.1, with the other windings loaded to rated current. The
test conditions are to be as described in 55.9 — 55.13.

55.9 To determine the short-circuit current value for conducting the tests described in 55.1 (b), the
transformer is to be at room temperature at the beginning of the measurement, and the short-circuit
current is to be measured 1 minute after the voltage is applied to the primary winding. A protective device
outside the transformer, when provided, is to be short-circuited during the measurement of the short-circuit

current. Whe

the line fuse or transformer winding opens within 1 minute after the appli

cation of the

primary volta
The short-cirg
circuited.

55.10 For g
test describe
winding of th
described in §
as possible a

Exception: Fq
connected to

55.11 Wher
the next test
variable load
burn out.

55.12 Fora
tested in cor
discontinued
started. The

types.

55.13 Wheri
tested.

5514 As a

he, the short-circuit current is that value recorded just before the line fuse oriwi
uit current of any one winding is to be measured with the other secondary win

ading conditions, a variable resistor is to be connected across the.secondary w
in 55.1 (a) — (c) is to be continued until a risk of fire develops, the 3-ampere f]
transformer or a protective device opens, or 15 days have passed. In conduc

5.1 (b) and (c), the variable resistance load is to be adjusted to the required val

nd readjusted, when required, 1 minute after voltage is@pplied to the primary wir

r a switch-mode transformer, the load is to be corinected to the output of the |
the transformer.

short-circuiting the secondary winding results in one of the windings to open be
in the sequence described in 55.1 (b)*and (c) that continues for 15 days is
resistor reduced to zero impedance\atthe end of the 15 days in order to result i

transformer that is provided:with a protective device built into the transformer, o
junction with an external protective device, a test described in 55.1 (a) —
when the protectivendevice opens the circuit, and the next test in the sequg
protective device~specified above includes automatic reset, manual reset, of

a protective device or winding opens while a sample is unattended, another sa

nding opens.
dings, open-

inding. Each
Lse opens, a
ting the tests
ue as quickly
ding.

bower supply
fore 15 days,

to have the
h transformer

that is being
(c) is to be
nce is to be
replaceable

mple is to be

bndition until

h option to 55.13, another sample is to be tested at the appropriate load c

temperatures stabilize. The load is to be increased 10 percent, by reducing the variable resistance, and
the sample is to be operated until temperatures stabilize. The sequence is to be repeated until the
protective device or winding opens, then the dielectric voltage-withstand test described in 55.4 is to be
performed, while the sample is in a heated condition. The next test in the sequence specified in 55.1 is
then to be performed.

56 Capacitor Test

56.1 The voltage measured across capacitor terminals shall not exceed the marked voltage or the
voltage specified by the capacitor manufacturer under any normal condition of loading including open
circuit.
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Exception: Voltage measurements are not required for a limited-energy circuit of 100 volt-ampere capacity
or less, such as that derived from an isolated limited-energy transformer in combination with circuit

impedances.

57 Bonding Conductor Test

57.1

A bonding conductor that does not comply with 17.2.6(a) or 17.2.6(b) is able to be used when, using

a separate sample for each test, neither the bonding conductor nor the connection opens when:

a) Carrying currents equal to 135 and 200 percent of the rating or setting of the intended branch-

circuit overcurrent-protective device for the times specified in Table 57.1; and

b) Three samples are subjected to a limited short circuit test using a test current a
Table| 57.2 while connected in series with a nonrenewable fuse rated in accordan

57.1.

Exception: When a fuse that is smaller than that indicated in (a) and (b).is‘employed
protegtion of the circuit to which the bonding conductor is connected, then-the magnitiide of the test

currept and size of fuse used during the test may be based on the rating of the smallef fuse.
Table 57.1
Duration of overcurrent test
Rating or setting of branch-circuit Test time, minutes
overcurrgnt protective device,
amperes 135 percent current 200 percent current
0-30 60 2
31-60 60 4
61-100 120 6
101 -200 120 8
Table 57.2
Circuit capacity for bonding conductor short-circuit test
Rating of power supply
Volt-amperes Capfcity of test
Single phase 3-phase Direct current Volts? circyit, amperes
0-1176 0-832 0-624 0-250 200
0-1176 0-832 0-—-624 251 -600 1000
1177 — 1920 833 - 1496 625 - 1128 0-600 1000
1921 - 4080 1497 — 3990 1129 — 3000 0-250 2000
4081 —9600 3991 -9145 3001 - 6960 0-250 3500
9601 or more 9146 or more 6961 or more 0-250 5000
1921 or more 1497 or more 1129 or more 251 -600 5000

@ The nominal test voltages are 120, 240, 277, 480, or 600

57.2 The test circuit described in 57.1(b) is to have a power factor of 0.9 — 1.0 and a closed-circuit test
voltage as specified in 39.1. The open-circuit voltage is to be 100 — 105 percent of the closed-circuit

voltage.

s specified in
ce with Table

in the unit for
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58 Hot, Flaming Oil Test

58.1

evaluated by conducting the tests described in 58.2 — 58.5.

In accordance with Exception No. 2 to 7.1.9, a ventilated, bottom-panel construction may be

58.2 Openings in a bottom panel shall be so arranged and sufficiently small in size and few in number
that hot, flaming No. 2 fuel oil poured three times onto the openings from a position above the panel is
extinguished as it passes through the openings.

58.3 A sample of the complete, finished bottom panel is to be supported in a horizontal position a short

any square i
shallow, flat-4
panel but is n
does not pas
pattern of op
openings. Us|
reduce the lik

58.4 Asma
handle whos
centimeters (
API gravity of
136,900 Btu

Fuel QOils, AS
flame for 1 m
(0.061 cubic i
4 inches (102

58.5 Fivem
piece and a

ladle onto the
later, a third i
in any of the t

MANUFACTURING AND.PRODUCTION TESTS

59 Dielectr

ottomed pan that is of a size and shape to cover completely the patterncofiop
ot sufficiently large to catch any of the oil that runs over the edge of the panel
5 through the openings. The pan is to be positioned with its centenwunder the

e of a metal screen or wired-glass enclosure surrounding the_test area is recg
blihood of splattering oil, causing injury to persons.

| metal ladle no more than 2-1/2 inches (63.5 mm) in_diameter, with a pouring |
b longitudinal axis remains horizontal during pouring,/ is to be partially filled V
D.61 cubic inches) of No. 2 fuel oil, which is a medium-volatile distillate havin
30 degrees, a flash point of 110 — 190°F (433> 87.7°C), and an average cal

ntilated but free from drafts.

d having, for
layer over a
enings in the
or otherwise
center of the

bnings in the panel. The center of the cheesecloth is to be 2 inches (50.8 mm) below the

mmended to

p and a long
vith 10 cubic
J a minimum
brific value of

per gallon (38.2 MJ/L) (see the American Society for Testing and Materials Specification for

M D396). The ladle containing the oil is t0.be heated and the oil is to be ignited
nute and then is to be poured at the approximate rate of, but no less than, 1 cub
hch) per second in a steady stream @nto the center of the pattern of openings fr
mm) above the openings. It is to be observed whether the oil ignites the cheese

nutes after completion of the_pouring of the oil, the cheesecloth is to be replaceqd
second 10 cubic centimeter (0.61 cubic inches) of hot, flaming oil is to be pod

openings, and it is@gain to be observed whether the cheesecloth is ignited.
entical pouring is-{6;be made. The openings are not acceptable if the cheesec
hree pourings.

¢ Voltage Withstand Test

59.1
application of

an ac potential at a frequency within a range of 40 — 70 hertz or a dc potential:

. The ail is to
ic centimeter
bm a position
cloth.

with a clean
red from the
Five minutes
oth is ignited

Each power unit shall withstand without electrical breakdown, as a routine production-line test, the

a) Between the primary wiring, including connected components, and accessible dead metal parts
that are likely to become energized; and

b) Between primary wiring and accessible live parts, including terminals.

59.2 The production-line test shall be in accordance with either Condition A or Condition B of Table 59.1.
The test potential may be gradually increased to the required value but the full value is to be applied for
either 1 second or 1 minute as required.
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Table 59.1
Production line test conditions
Condition A Condition B
Power supply rating Potential, Time, Time,
and form Vac Volts Vdc seconds Potential, Vac Volts Vdc seconds
250 volts or less with no 1000 1400 60 1200 1700 1
motor rated more than
1/2 horsepower (375 W)
More than 250 volts or 1000+2V° 1400+2.8V° 60 1200+2.4V° 1700+3.4\° 1
with a motor rated more
than 1/2 horsepower

2 Maximum matked \lnlfncn but not less than 250 vaolis

59.3 The ppwer unit may be in a heated or unheated condition for the test.
59.4 Thetq
unit be unwirpd, modified, or disassembled for the test.
Exception N
test need no

. 1: A part such as a snap cover or a friction-fit knob thatsinterferes with perfo
be in place.

Exception N
completed p

D. 2: The test may be performed before final assembly if the test represent
bwer unit.

59.5 A pow
that can be

er unit employing a solid-state component that is not relied upon to reduce a risk
damaged by the dielectric potential.may be tested before the component
connected provided that a random sampling of each day's production is tested at the potenti
59.2. The cirpuitry may be rearranged for the-purpose of the test to minimize the likelihood
component damage while retaining representative dielectric stress of the circuit.

59.6 The test equipment shall include a means of indicating the test potential, an aud
indicator of glectrical breakdown, and either a manually reset device to restore the eq
electrical brgakdown or an automatic reject feature of any unacceptable unit. If an ac te
applied, the test equipment shall' also include a transformer having an essentially sinusoidal g

59.7 If the putput of {he test equipment transformer is less than 500 volt-amperes, the eq
include a volimeter.in the output circuit to directly indicate the test potential.

st shall be conducted when the power unit is fully assembled. It is not intended that the power

rmance of the

s that for the

of shock and
is electrically
Al specified in
of solid-state-

ible or visual
lipment after
5t potential is
utput.

uipment shall

potential may

59.8 If the putput of the test equipment transformer is 500 volt-amperes or larger, the test

be indicated:
a) By a voltmeter in the primary circuit or in a tertiary-winding circuit;
b) By a selector switch marked to indicate the test potential; or

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

readily visible

location to indicate the test potential. When marking is used without an indicating voltmeter, the

equipment shall include a positive means, such as an indicator lamp, to indicate that
reset switch has been reset following a dielectric breakdown.

the manually

59.9 Test equipment, other than that described in 59.6 — 59.8, may be used if found to accomplish the

intended factory control.
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59.10 During the test, the primary switch is to be in the "on" position, both sides of the primary circuit of
the power unit are to be connected together and to one terminal of the test equipment, and the second
test-equipment terminal is to be connected to accessible dead metal.

Exception No. 1: A power unit having circuitry — resistive, high-impedance winding, and the like — not
subject to excessive secondary-voltage build-up in case of electrical breakdown during the test may be
tested:

a) With a single-pole primary switch, if used, in the "off" position; or

b) With only one side of the primary circuit connected to the test equipment when the primary
switch is in the on position, or when a primary switch is not used.

Exception Nd. 2: The primary switch is not required to be in the "on" position if the testing means applies
full test potential between primary wiring and dead metal parts with the switch not in the,*on" gosition.

60 Grounding Continuity Test

60.1 Each power unit that has a power supply cord having a grounding conductor shall bg tested, as a
routine production-line test, to determine that electrical continuity exists.between the groungling blade of
the attachment plug and accessible dead metal parts of the power unit that are likely to become energized.

60.2 Only a|single test need be conducted if the accessible metal selected is conductively ¢onnected by
design to all gther accessible metal.

60.3 Any inglicating device — an ohmmeter, battery-and-buzzer combination, or the like — may be used to
determine whiether a power unit complies with the requirement in 59.1.

MARKING
61 Details
61.1 Cautignary markings

61.1.1 A cautionary marking/shall be prefixed by the word "CAUTION," "WARNING," or "DANGER" in
letters not lesk than 1/8 ineh*(3.2 mm) high. The remaining letters shall not be less than 1/16 inch (1.6 mm)
high.

61.1.2 A livg heatssink or other part shaII be marked "CAUTION Risk of Electrlc Shock. Pltes (or other

a) Is likely to be mistaken for dead metal,

b) Is at a potential that exceeds 30 volts rms (42.4 volts peak) or 60 volts dc; and

c) Is not guarded as specified in 9.1.5.

The marking shall be located on the live part so as to make the risk of electric shock known before the part
is likely to be touched. See 61.1.13 and 61.1.14.

61.1.3 With reference to Exception No. 2 of 17.1.2, ungrounded dead metal parts shall be plainly marked
with the word "CAUTION" and the following or the equivalent: "(Identify part or parts not earth grounded)
(is) (are) not grounded — (it) (they) may present risk of electric shock. Test before touching." The marking
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shall be provided on or adjacent to the ungrounded dead metal parts and shall be visible so that each part
or group of parts is positively identified.

Exception: This requirement does not apply to an inductor core, a transformer core, and a heat sink
mounted on a printed wiring board.

61.1.4 A portable household power unit shall be marked "CAUTION — Do not expose to rain" or
"CAUTION — Indoor use only."

61.1.5 A power unit with output connections in accordance with 13.1 shall be marked "CAUTION" and
the following or the equivalent: "Risk of Fire. Use only type SPT-2 cord or heavier duty cord, minimum __

AWG coppet:

61.1.6 Wit
following or
humidity-con

Exception N
environment

Exception N
environment

61.1.7 The
indicating th

shall be IocaTed so that it is obvious as to which fuge-or fuseholder the marking applies. A sin

acceptable f
word "CAUT

only with same type and ratings of fuse."

61.1.8 A cq
footnote k tg

"CAUTION" and the following Orthe equivalent "Hot surfaces — To prevent burns — Do not tou

61.1.9 A power unit provided with single-pole circuit breakers in the input circuit in accord

Exception to
Electric Shod

reference to 35.1.3, a power unit shall be marked with the word, "WARN
he equivalent: "To reduce the risk of fire and electric shock, install in a tem
trolled indoor area relatively free of conductive contaminants.”

D. 1:
as described in 6.8.

. 2: When the marketing of the unit is such thatdhe‘unit is intended for use i
this marking is not required.

'e shall be a legible and durable marking ferééach interchangeable fuse as desg
ampere rating and the voltage rating of ‘the fuse to be used for replacement,

br a group of fuses. The marking shall be adjacent to the fuseholder and shall
ON " and the following or the equivalent: "For continued protection against risk g

mmercial fixed power.unit that exceeds the temperature limits specified in Tal
Table 42.1 — shall be legibly marked where readily visible after installation

29.3 shall‘be marked with the word "CAUTION " and the following or the equiv
k and-Eire. Do not connect to a circuit operating at more than 150 Volts to groun

jacent to the

NG" and the
perature- and

This requirement does not apply to a power unit. provided with its own equivalent

N a controlled

ribed in 30.3,
The marking
ble marking is
consist of the
f fire, replace

le 42.1 — see
with the word
ch."

ance with the
hlent: "Risk of
j.ll

61.1.10 A

unit inr\nrpnrqﬁng an overcurrent prnfnr‘ﬁ\/n device in the grnlmdnd circuit

conductor as

specified in Exception No. 2, item (d) to 29.5 shall be plainly marked with the word "CAUTION" and the
following or equivalent: "Risk of Electric Shock. Grounded circuit conductor (neutral) provided with
overcurrent protection. Test components before touching." The marking shall be readily visible to service
personnel servicing the unit.

61.1.11 A battery charger shall be marked, where readily visible to the user when charging batteries, with
the word "CAUTION" and the following or equivalent: "Charge only ____ type rechargeable batteries. Other
types of batteries may burst causing personal injury and damage."

Exception: A reference to a specific rechargeable battery or battery pack for which the charger is intended
may be used in lieu of marking the type of batteries to be charged.

61.1.12 A power supply intended to be connected as described in the Exception to 28.7 shall be marked
on an inside or outside surface or in a separate operating manual as follows:


https://ulnorm.com/api/?name=UL 1012 2021.pdf

96

UL 1012 MARCH 30, 2021

a) A 2-wire, 220 — 240-volt power unit intended for connection to a circuit operating at 150 volts or
less to ground shall be marked with the word "DANGER" and the following or the equivalent: "Risk
of Electric Shock — Do not connect to a circuit operating at more than 150 volts to ground.”

b) A 3-wire, 3-phase, 220 — 240-volt power unit intended for connection to a circuit operating at
150 volts or less to ground shall be marked with the word "DANGER" and the following or the
equivalent: "To reduce the risk of electric shock — Do not connect to a circuit operating at more than
150 volts to ground." The marking shall identify the leads or terminals that are to be supplied by

circuit

conductors of 150 volts or less to ground.

61.1.13 A cautionary marking shall be permanent and shall be located on a part that cannot be removed

without impai

61.1.14 Ac

the intended

located adjag

operation of {

ring the operation of the power unit. See 61.3.1.

operation of the power unit. With reference to the Exception to 7.6.6¢ a-mar

ne power unit.

61.1.15 A warning to the serviceman that a removable panel covering a capacitor should no

for whatever
in 9.1.6 after
near the pang

ime — 5 minutes maximum — is required for the capacitor toidischarge to the val
he power unit has been disconnected from its source of power shall be clearly

61.2 General markings

61.2.1 Apo
in the case of]

a) Th
b) Ag

c) Th

wer unit shall be plainly and permanentlyxmarked where it is readily visible — aft
a fixed power unit — with the following:

b manufacturer's name, trade name;‘or trademark.

istinctive catalog number or the equivalent.

input and output ratings-in voltage, frequency, and amperes, watts, or volt-amp

Exception No. 1: The output ratings are not required to be included on a unit complyin

Exception No. 2: The output rating need not be included in a power unit intendeq
speciflc battery or battery pack provided the unit is marked to indicate the battery or battery pack to
be uségd.

d) The dateor other dating period of manufacture not exceeding any three consecutiv

ent to the part being guarded to indicate that the cover or guard is‘to be rep

autionary marking to instruct the operator shall be visible and legible to the| operator during

King shall be
laced before

[ be removed
Lies specified
marked on or

Br installation

eres.
g with 13.1.

to charge a

e months.

Exception: The date of manufacture may be abbreviated; or may be in a nationally accepted
conventional code or in a code affirmed by the manufacturer provided that the code:

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

2) Does not require reference to the production records of the manufacturer
when the product was manufactured.

to determine

e) The number of phases if the product is intended for use on a polyphase circuit. The symbol "&"
may be used in place of the word "phase."

61.2.2 With

respect to the frequency marking mentioned in 61.2.1:
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a) Equipment intended to operate only from a direct-current supply shall bear markings indicating
that the supply shall be direct current. The symbol illustrated in Figure 61.1 may be used for this
marking.

b) Equipment intended to operate only from an alternating-current supply shall bear markings
indicating that the supply shall be alternating current. The symbol illustrated in Figure 61.2 may be
used for this marking. The markings shall include the equipment supply-circuit frequency or supply-
circuit frequency-range rating (cycles per second, cycles/second, hertz, c/s, cps, or Hz).

c) Equipment intended to operate from either direct- or alternating-circuit supplies shall bear
markings indicating that the supply may be either direct current or alternating current. The symbol
illustrated in Figure 61.3 may be used for this marking. The markings shall include the equipment

SUpp| ciretit flcqucnuy Of oupp:y circtit flcquclluy range |at;||y (uyu:ca er second,
cycles/second, hertz, ¢/s, cps, or Hz).

Figure 61.1

Direct current

I£EG5031C

Figure 61.2

Alternating current

IEC5032C
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Figure 61.3
Direct or alternating current
IECS033C
61.2.3 If a quty cycle is necessary for proper performance, the time relationship shall be marked on the
product.
61.2.4 A duty cycle marking may consist of a maximum onyand a minimum off time; or a maximum on

time and ano

61.2.5 The
a) Th

b) Th

c) The abbreviations "pos" far positive and "neg" for negative; or

d) Co

61.2.6 Unle
indicated.

61.2.7 Ifan
shall have a g

n/off ratio. The time may be indicated in secends or minutes, or fractions thereof

bolarity of the output leads shall be plainly indicated by:
b words "positive" and "negative";

p signs "+" for positive and "#"for negative;

or coding of red forpositive and black for negative.

5s provided«with a polarized termination, the polarity of a direct-current output sh

hanufacturer produces or assembles a power unit at more than one factory, eaq
istinctive marking — which may be in code — by which it may be identified as thg

all be plainly

h power unit

product of a

particular factory.

61.2.8

If any point within a terminal box or wiring compartment of a fixed power unit in which the power

unit conductors are intended to be connected, including such conductors themselves, attains a
temperature of more than 60° C (140° F) during the normal temperature test, the power unit shall be
marked "For supply connection, use wires suitable for at least __°C (__°F)," or with an equivalent
statement, and the temperature value shall be in accordance with Table 61.1. This statement shall be
located at or near the point where the supply connections are to be made, and shall be clearly visible both
during and after installation of the power unit.
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Table 61.1
Outlet box marking

Temperature attained in terminal box or compartment
during test Marking
61—75°C (142 —167°F) 75°C (167°F)
76 —90°C (169 — 194°F) 90°C (194°F)

61.2.9 A power unit shall not be marked "charger " or the equivalent unless it employs a rectifying

component.

61.2.10 A battery charger with backfeed protection in accordance with 15.1 shall be mark

Protection

61.211 A
Conductor, U

a) Ha
b) H4

c) Is

Exception N¢
input connec
or61.2.12(b

Exception Ng
met:

a) TH

b) T
with t

be smaller than that specified in 61.2.12(a) or 61.2.12(b).

Exception N
following or
power unit."

BFP", or the equivalent.

bower unit shall be permanently marked in accordance with 61.2,12 with "F|
se AWG Minimum" or with an equivalent statement if the power unit:

s a metal enclosure;
s an ac output rating; and

ntended to supply a Class 1 circuit having an outputrating of 1000 volt-amperes

. 1: A power unit is not required to be marked-as specified if provided with a cor
tions in which the size of the grounding conductor is not less than that specified

. 2: A power unit is not required to.be marked as specified if all of the following

e power unit is intended ta be permanently connected electrically; and

ne input conductors and the equipment-grounding conductor intended for suc|
he conductor ampacity based on 125 percent of the input rating of the power U

. 3: In liew of the specified marking a power unit may be marked "CAUTION
the equivalent: "Risk of Fire. Do not ground the secondary circuit to the eng

ed "Backfeed

or Grounding

or less.

d and plug for
in 61.2.12(a)

ronditions are

h connection,
nit, would not

and with the
osure of this

61.2.12 Th

€ marking required Dy 61.Z. 1T shall be IoCated al or near the point where tn

e equipment-

grounding connection is to be made, and shall be clearly visible both during and after installation of the
power unit as intended. The grounding conductor size marked in the indicated space shall be:

a) Based on Column 2 of Table 17.2, using the rating of the secondary circuit overcurrent
protective device when provided; or

b) Not less than the size of the internal wiring employed for the output power circuits when no
secondary overcurrent protection is provided.

61.2.13 A unit having an output circuit intended to be grounded in the field shall be marked with the
following or equivalent words: "The output circuit is considered a separately-derived source. If local codes
require grounding of this circuit, use terminal (identify terminal) for bonding this circuit to the enclosure.
Ground the enclosure to a suitable grounding electrode in accordance with local code requirements."
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61.2.14 A terminal in a fixed unit, as described in 20.11, intended for connection to the grounding
electrode conductor shall be marked "Grounding Electrode Terminal."

61.2.15 In accordance with 12.2.11(a)(2), if a pressure terminal connector is not provided with the power
unit as shipped, the power unit shall be marked to indicate which pressure terminal connector or
component terminal assembly packages are to be used with the power unit. This marking may be provided
on the unit or on a tag attached to the unit.

61.2.16 The terminal assembly packages specified in 61.2.15 shall be marked with an identifying
marking, wire size, manufacturer's name, and trade mark or other descriptive marking by which the

organization responsible for the product is able to be identified.

61.2.17 If 4
mentioned in
conductor, n¢g
a readily visif

pressure terminal connector provided with the power unit [or in a terminal

12.2.11(d)] for a field installed conductor requires the use of a special tqol for
cessary instructions for using the tool shall be provided. The instructions shall 4
le location such as on the connector, on a wiring diagram, on a tag secured to t

orin an asse

61.2.18 If

bly package provided with the power unit.

lass 2 and Class 3 limited-energy circuits terminate in the )same wiring cor

marking shalll be provided adjacent to the wiring terminals indicating that all output circuits &
with the requifements for Class 3 wiring.

61.2.19 Wit

reference to 23.3.2, a unit that relies on the installing electrician to maintain

(6.4 mm) spgcing associated with Class 2 or Class 3 conductors shall be marked with the
equivalent: "Dress ___ circuits at least 1/4 inch away_from __ circuits," where the blan
completed aplpropriately with power, light, or Class 1 and-Class 2 or Class 3, respectively.

61.2.20 A ppwer unit not furnished with a detachable power supply cord as described in th

to 12.3.1 an

12.3.7 shall be marked adjacent to the appliance coupler to inform the usg

instruction m

Exception: TH
on or packag

61.2.21 Inea
following or e

a) "Se
b) “Se

nual (see 61.1.10) for proper.selection of the power supply cord.

e marking may be in theform of a tag, nonpermanent label, or product insert th
bd with the unit so that the marking is visible at the time of installation.

ccordance with.12.3.8, a power unit intended for use by travelers shall be ma
fuivalent:

e instruction manual for use in countries other than the U.S.A.";

e.instructions for input voltage conversion”; or

assembly as
securing the
e included in
he connector

npartment, a
re to comply

the 1/4 inch
following or
ks are to be

e Exceptions
br to see the

bt is provided

rked with the

c) “See instructions if the input plug does not fit the power outlet.”

61.2.22

In accordance with 7.7.1, individual modules of a modular power unit shall be marked with:

a) Information identifying the module consistent with its function in the assembled system, such as
"voltage regulation section of Model XYZ POWER SUPPLY"; and

b) A reference to the installation instructions.

The marking may be in the form of a paper tag or any other nonpermanent material. See 62.1.11.
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61.3 Application

61.3.1 Unless stated otherwise, markings required by this Standard shall be permanent. A permanent
marking shall be molded, die-stamped, paint-stenciled; stamped or etched metal that is permanently
secured; or indelibly stamped on a pressure-sensitive label secured by adhesive. The marking means
shall comply with the Standard for Marking and Labeling Systems, UL 969. Ordinary usage, handling,
storage, and the like of the unit are to be considered in determining whether a marking is permanent.

62 Instructions

62.1 General

62.1.1 Instlructions for mounting shall be furnished with each power unit intended fLLr permanent
mounting.

62.1.2 A cgmmercial stationary or fixed power unit that exceeds the temperature.limits spegified in Table
42.1 [see fogtnote (k) to Table 42.1] shall be provided with instructions specifying-that "The ppwer unit is to
be installed qo that it is not likely to be contacted by people " or equivalent wording.

62.1.3 Muliiple-voltage equipment intended for permanent connection to the branch circujt supply shall
be marked tq indicate the particular voltage for which it is set when Shipped from the factory| The marking
shall be on a|paper tag or other equivalent nonpermanent material:

62.1.4 Multiple-voltage cord-connected equipment shall be provided with instructions to indicate the type
of attachment plug that is to be used for connection to the‘lternate voltage in accordance with 12.3.6.

62.1.5 Multiple voltage equipment intended faF,use with a detachable power supply ¢ord shall be
provided with instructions to indicate the type-~of detachable power supply cord that is t¢ be used for
connection tg the alternate voltage in accordance with 12.3.7.

62.1.6 With reference to 12.3.7, a praduct with an operator adjustable voltage selector shall be marked
to instruct the operator to set the voltage selector to the voltage to which the product will be cpnnected.

62.1.7 With reference to 42.3.8, the instructions for a power unit intended for use by travelers shall
include (a) —|(c) or the equivalent, as appropriate. The items shall be preceded by "IMPORTANT SAFETY
INSTRUCTIONS — SAVE:-THESE INSTRUCTIONS" and "DANGER - TO REDUCE THE RISK OF FIRE
ch (3.18 mm)

ructions shall

also specify the pocedures to follow for changng the voltage selector.

b) "For use in the U.S.A., the voltage selector switch must be placed in the 120 volt position. For
use in countries other than the U.S.A, the voltage selector may need to be placed in other than the
120 volt position. Confirm the voltage available at each country location before using the product.”

c) "For connection to a supply not in the U.S.A., use an attachment plug adapter of the proper
configuration for the power outlet, if needed." Or, “If the shape of the plug does not fit the power
outlet, use an attachment plug adaptor of the proper configuration for the power outlet."

62.1.8 In accordance with 54.1.7, if an abnormal test is terminated by operation of the intended branch-
circuit overcurrent protective device, the power unit shall have the following statement, or the equivalent,
in an installation manual provided with the unit: "CAUTION — To reduce the risk of fire, use only on circuits
provided with __ ampere branch-circuit protection in accordance with the National Electrical Code,
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ANSI/NFPA 70." The blank space is to be filled in with the appropriate ampere rating of branch-circuit
overcurrent protection described in 54.1.3.

62.1.9 For a power unit judged in accordance with item b of the Exception to 40.1, the instruction manual
shall include all the following conditions of installation:

a) An insulated grounding conductor that is identical in size, insulation material, and thickness to
the grounded and ungrounded branch-circuit supply conductors except that it is green with or
without one or more yellow stripes is to be installed as part of the branch circuit that supplies the
unit or system.

b) The grounding conductor described in (a) is to be grounded to earth at the service equipment or,
if supgited by a Separately derived System, at the supply transformer or motor-generator set.

c) The attachment-plug receptacles in the vicinity of the unit or system are all 16 be o
type, and the grounding conductors serving these receptacles are to be connected to
at the ervice equipment.

a grounding
earth ground

62.1.10 In pccordance with the Exceptions to 12.3.1 and 12.3.7, thejinstructions for @ power unit
intended for ise with a detachable power supply cord which is not provided with the unit |[shall contain
complete dethils concerning proper selection of the power supply cord. The instructions [shall specify
selection of alcord complying with the requirements in 12.3.1 — 12.3.8’and 12.3.10.

Exception: For a power unit intended for use in a country other than the U. S. A., the instfuctions shall

specify the agpropriate cord to be used (see Exception No. 410 12.3.1).

62.1.11 In &
unit, including

ccordance with 7.7.1 and 61.2.22, instructions for field assembly of modules pf a modular

an interconnection wiring diagram,.shall be either:

a) Pagkaged with the modules; or
b) Contained in the instruction mafual provided that the marking on the module makeg reference to
the ingtruction manual.

62.2 Battery chargers

62.2.1 A battery chargen'shall be provided with explicit important safety, operation, and maintenance

instructions fa

62.2.2 The
moving and s

r the usefy/and, if applicable, with assembly and moving and storage instruction

mpertant safety instructions and instructions for user assembly, operation, main
forage shall be in the same manual. The important safety instructions shall appg

b.

tenance, and
ar before the

instructions for user assembly, operation, maintenance, and moving and storage.

62.2.3 In an instruction manual intended for use with more than one model or type of battery charger, the
instructions applicable to each model or type of battery charger shall be explicitly identified.

Exception: This requirement does not apply fo instructions that are exactly the same for more than one
model or type of battery charger, and that could not result in confusion or misunderstanding due to
different location of controls, operating modes, and the like.

62.2.4 Instructions shall be legible and shall contrast with the background.

62.2.5 The headings for the user assembly, operation, maintenance, moving and storage, and important
safety instructions, and the opening statements of the instructions specified in 61.2.11 — "IMPORTANT
SAFETY INSTRUCTIONS" and "SAVE THESE INSTRUCTIONS" — shall be entirely in upper case letters
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not less than 3/16 inch (4.8 mm) high or emphasized to distinguish them from the rest of the text. Upper
case letters in the instructions shall not be less than 5/64 inch (2.0 mm) high, and lower case letters shall
not be less than 1/16 inch (1.6 mm) high.

62.2.6 There shall be no substitute for the word "CAUTION," "WARNING," or "DANGER" in the text of

the instructio

ns.

62.2.7 The text of the instructions required by 62.2.11 shall be verbatim, or in equally definitive

terminology.

Exception: When a specific conflict in the application to a battery charger exists, or when the wording is

inappropriate;

62.2.8 Ani
instruction.

62.2.9 Imp
shock, or inju

62.2.10 Th
manufacture

62.2.11 Thg
to the particy
the list and th
"CAUTION,"

Exception: Y
numbers are

IMPORTANT

1. S/
instru

2. Be
battel

3. CA

variations from the snecified-wordina are-able to be Lised.
(ot T d

lustration may be used with a required instruction to clarify the intent, but.shall n

brtant safety instructions shall warn the user of reasonably foreseeable risks g
ry to persons; and shall state the precautions that should be taken to reduce sug

b items listed in 62.2.11 shall be numbered, and other jnstructions deemed nec
r to reduce the risk of fire, electric shock, or injury to petsons may be included.

lar battery charger. The statement "IMPORTANT SAFETY INSTRUCTIONS,"
e statement "SAVE THESE INSTRUCTIQNS" shall either precede or follow the
"WARNING," or "DANGER" shall be entirely in upper case letters.

Vith reference to item number 1<in the Important Safety Instructions, the s
not required to be included when-the instructions are identical for all models.

SAFETY INSTRUCTIONS

AVE THESE INSTRUCTIONS — This manual contains important safety g
ctions for battery charger Models .

ly, and product using battery.

UTION™ To reduce risk of injury, charge only type rechargeable batteries

ot replace the

f fire, electric
h risks.

essary by the

e important safety instructions shall include those.items in the following list that are applicable

shall precede
list. The word

pecific model

nd operating

fore using battery charger, read all instructions and cautionary markings on bgttery charger,

. Other types

of batferies may burst causing personal injury and damage.

SPECIFIC POWER UNITS

OUTDOOR-USE POWER UNITS

63 General

63.1 The requirements in Sections 64 and 65 supplement and, in some cases, modify the general
requirements in Sections 7 — 62. The corrosion protection requirements specifically cover power units
constructed of sheet metal. Similar requirements would be applicable to other metals, including coated
aluminum.
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