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INTRODUCTION

1 Scope

1.1 These requirements cover indoor and outdoor use Class 2 power supplies and battery chargers.

These units utilize an isolating transformer and may incorporate components to provide an alternating- or
direct-current output. Each output provides Class 2 power levels in accordance with the National Electrical
Code, NFPA 70. Maximum output voltage does not exceed 42.4 V peak for alternating current, 60 V for
continuous direct current. These products are intended primarily to provide power to low voltage,
electrically operated devices. These requirements apply to:

a) Portable and semipermanent mounted direct plug-in units provided with 15 A blade

configurations for use on nominal 120 or 240 V alternating current branch circuits wit
potential of 150 V to ground;

b) Cofd- and plug-connected units provided with a 15 or 20 A attachment plag configu
on ndminal 120 or 240 V alternating current branch circuits with a maximum potenti
ground; and

¢) Un|ts permanently connected to the input supply for use on nominal 600 V or less
direcflcurrent branch circuit.

Direct plug-i
assembly, or

and cord-connected units may also be provided@ith’ an integral cigarette ligh
a direct current input jack for being powered from'a vehicle battery adapter g

port associated with information technology equipment. These units utilize an isolating tra

may incorpo
Class 2 pow
does not exd
are intended

1.2 These
exceed 660

rate components to provide an alternating<or direct-current output. Each oJ
er levels in accordance with the National Electrical Code, NFPA 70. Maximum g
eed 42.4 V peak for alternating current, 60 V for continuous direct current. Th
primarily to provide power to low voltage, electrically operated devices.

equirements cover direct plug-in and cord-connected products whose input pg
V under any possible condition of output loading.

1.3 These fequirements do not cover the effect that a power unit may have on the equipm

to which it is

14 A prod
additional rs

connected.

Lct markedsfor a specific end-use involving additional considerations may

quirements found in the applicable end-product standard. See 51.4. Exan

h a maximum

ration for use
al of 150 V to

alternating or

ter connector
r from a data
nsformer and
tput provides
utput voltage
ese products

wer does not

ent or system

be subject to
hples include

consideratiOJ: relatedto:

a)M

hanhical risks such as those presented by tools;

b) Build up of static charges such as those of radio equipment with external antennae connections;

c¢) Special shock limits such as those for medical equipment; and

d) Fire risks such as those posed by decorative lighting products.

1.5 These requirements do not cover products intended to charge batteries for starter motors used to
start engines. Products of this type are covered by the Standard for Battery Chargers for Charging Engine-
Starter Batteries, UL 1236.

1.6 These requirements cover Class 2 products, as defined in this Standard, intended for use with toys.
Products of this type shall also comply with the Standard for Toy Transformers, UL 697.
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1.7 These requirements do not cover products with outputs other than Class 2, nor battery chargers
intended to charge batteries employed in wheel chairs or similar types of mobility aids. Products of this
type are covered by the Standard for Power Units Other Than Class 2, UL 1012.

1.8 Products without a rectifier may be covered by 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.

1.9 These requirements do not cover products powered solely by a dc source. Products of this type are
covered by the Standard for Power Converters/Inverters and Power Converter/Inverter Systems for Land

Vehicles and Marine Craft, UL 458, or by other requirements appropriate for the intended application.

1.10 These
Products of th

2 Compongénts

2.1
requirements

products covered by this standard.

Except @s indicated in 2.2, a component of a product covered by this.standard shall co

requirements do not cover products intended for supplying low voltage landsg
is type are covered by the Standard for Low Voltage Landscape Lighting Systen

for that component. See Appendix A for a list of standards, cevering component

ape lighting.
ns, UL 1838.

mply with the
s used in the

2.2 A compénent is not required to comply with a specific requifement that:
a) Invplves a feature or characteristic not required\in the application of the comgonent in the
produg¢t covered by this standard, or
b) Is spperseded by a requirement in this standard.
2.3 A comppnent shall be used in accordance with its rating established for the intended [conditions of
use.
2.4 Specificl components are incomplete in construction features or restricted in |performance
capabilities. Buch components are ‘intended for use only under limited conditions, such as certain
temperatures|not exceeding specified limits, and shall be used only under those specific condjtions.

3 Units of Nleasurement

3.1 Values |
approximate

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

planatory or

3.2 Unless otherwise stated, values of current and voltage are rms.

4 Undated References

4.1

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

5 Glossary

5.1

For the purpose of this standard, the following definitions shall apply:

Any undated reference to a code or standard appearing in the requirements of this standard shall be

5.2 BONDING CONDUCTOR - A conductor by which dead metal parts are bonded (connected) to the
grounding means.
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5.3 CLASS 2 - A source having limited voltage and energy capacity. Requirements for voltage and
energy capacity limitations are as indicated in this standard. See the Maximum Output Voltage Test,
Section 28, and the Output Current and Power Test, Section 30.

5.4 CONDUCTIVELY CONNECTED — A part is conductively connected to another part if the current
between the parts exceeds the limit for leakage current specified in Leakage Current Test, Section 26.

5.5 CONSECUTIVE BATTERY CHARGER - A battery charger whose charging cycle is completed in
four hours or less.

5.6 DIRECT CURRENT (DC) — A voltage or current waveform where the instantaneous value does not

vary.

5.7 ENCLC
of electric sh

5.8 ENERC
on to limit &
components
5.9 INDOO

5.10 INJUR
persons otheg

511 MULT
100 — 240 vo
5.12 POWE

power unit \
connected p

blade plug.

5.13 RISK
a)Th
b) Th
mA.

SURE - Any surface or surrounding structure that prevents access to a.feal’of
Dck or injury to persons.

Y LIMITING CIRCUIT/ENERGY LIMITING IMPEDANCE - A cir¢uit’'or compon
n output to Class 2 levels or to limit energy to an accessible part. Reliah
shall be determined unless the unit is tested as specified in 39.7.1.

R USE — Use in an indoor location or where wet contactiis not likely to occur.

Y TO PERSONS — The words "injury to persons" are in reference to phy
r than the physiological effects of electric shock.

PLE VOLTAGE RATED POWER UNIT\—"A power unit with a rated voltage rg
lts) or a power unit with more than one discrete voltage rating (such as 120/240

ER UNIT INTENDED FOR USE-BY TRAVELERS — A multiple voltage rated
vith a 125 V 15 A (parallel)~input blade configuration, or a multiple voltag
pwer unit with a non-detachable power supply cord terminating in a 125 V 1

DF ELECTRIC SHOCK — A risk of electric shock is considered to exist if:
e voltage between parts exceeds the value specified in 16.2.2; and

b current-between the parts measured in the Leakage Current Test, Section 26

potential risk

bnt depended
ility of circuit

sical harm to

nge (such as
yolts).

direct plug-in

b rated cord-
5 A (parallel)

exceeds 0.5

5.14 TAB, INTEGRAL (including a mounting tab) — A molded on or otherwise mechanically secured tab
provided as part of the enclosure. An integral tab is usually not provided as part of the required enclosure,
but may be provided for compliance with certain requirements of this standard.

5.15 UNIT - For the purposes of this Standard, a unit is either a direct plug-in unit, a cord connected unit,
or a unit permanently connected to the input supply.

5.16 UNIT, CORD-CONNECTED - A power unit which employs a cord and plug assembly for connection
to the branch circuit.

5.17 UNIT, DIRECT PLUG-IN — A power unit which employs a blade assembly on the enclosure for
connection to the branch circuit.
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5.18 UNIT, LINEAR DESIGN — A unit employing a branch circuit frequency transformer design where
operation is not dependent on circuitry.

5.19 UNIT, PORTABLE — A unit other than a stationary unit or semipermanent mounted unit.

5.20 UNIT, SEMIPERMANENT MOUNTED - A direct plug-in unit provided with a mounting tab. For the
purpose of this standard, semipermanent mounted units shall also comply with the requirements for
portable units unless otherwise specified.

5.21 UNIT, STATIONARY - A cord- and plug-connected unit that is:

a) Intended to be fastened in place;

b) Intgnded to be located in a dedicated space; or

c¢) Not|easily moved.

5.22 UNIT, BWITCH MODE DESIGN - A unit employing a high frequency transformer design where
transformer operation is dependent on an inverter circuit.

5.23 WORHKING VOLTAGE - The highest voltage to which the ipsulation under consideration is, or is
able to be, supjected when the equipment is operating at its rated ¥oltage under conditions of hormal use.

6 Terminolpgy

6.1 The term "power unit" as used in these requirements refers to all power supplies, battery chargers,
and transfornjers covered by these requirements.

CONSTRUCTION
7 Mechanigal Assembly

7.1 A unit shall be formed and assembled so that it has the strength and rigidity necessary to resist the
abuses to whjch it is likely to be subjected, without producing or increasing a risk of fire, elegtric shock, or
injury to pergons due to tétal or partial collapse with resulting reduction of spacings, Joosening or
displacement|of parts, or.ather serious defects. See also 46.1.1.

7.2 A unit shall have-all parts reliably secured in place.

7.3 An enclpsure, an opening, a frame, a guard, a knob, a handle, or the like shall not He sufficiently
sharp to cause a risk of injury in normal maintenance or use.

7.4 A unit shall be constructed so that it is not necessary to open or remove the enclosure when the unit
is used as intended.

7.5 Each lampholder, switch, and similar component shall be mounted securely and shall be prevented
from turning by more than friction between surfaces. For example, the use of a lock washer is acceptable
to prevent the turning of a device having a single hole mounting means.

Exception No. 1: A lampholder of a type in which the lamp cannot be replaced (such as a neon pilot or
indicator light in which the lamp is sealed in by a nonremovable jewel) need not be prevented from turning
if rotation cannot reduce spacings below the minimum acceptable values or produce stress on an
electrical connection.
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Exception No. 2: A switch or other similar component need not comply with this requirement if the turning
of such a component and servicing of the part introduces no additional risk of fire or electric shock, such as
reduced spacings below minimum acceptable values or stress on an electrical connection.

7.6 A replaceable lamp in a unit shall be wired in the secondary circuit, and shall be replaceable without
opening the enclosure. There shall be no primary live part accessible to contact during lamp replacement.

7.7 A nonreplaceable pilot lamp, such as an indicating-type overload- or short-circuit protector, a neon
light, or an indicator light, is one in which the lamp is sealed-in, such as by a nonremovable jewel.

7.8 A switch in the primary circuit or an overcurrent-protective device shall be located within the unit

enclosure in

normal use. ]

7.9 Ifthee
the Abuse Tg

7.10 The requirements in 7.8 also apply to the actuating means — toggle, handle, or th

dislodging off
Accessibility

711 Them
shall comply

a)Th
b) Th
c) Th
by tra

and

d) Th

Where the définitions for the symbols are as follows:

W is the weight.efithe unit in ounces (g).

Y is tf

Zis th

uch a manner as notto be accessible orexnosed-totamperinanorsubiect tod
~ Lad J J

[ his requirement does not apply to the actuating means of a switch, except as g

terior part of the switch or control forms part of a unit enclosure, the part shall b
sts, Section 46.

such part exposes live parts or film-coated magnet wire that'can be contacted 3
of Live Parts, Section 16.

aximum acceptable moment, center of gravity, diménsions, and weight of a dire
with the following requirements (See 7.12):

b quotient of WY/Z shall not exceed 48 ounces (1361 g);
b quotient of WY/S shall not exceed 48 ounces (1361 g);
b product of WX shall not exceed 80 ounce-inches (0.56 N-m) for a unit not int

velers, and 36 ounce-inches (0525 N-m) for a unit intended for use by travelers

b weight of a unit shall not-exceed 28 ounces (794 g).

e distance illustrated in Figure 7.1 in inches (mm).

e\esser of the two distances, Z, or Z,, as illustrated in Figure 7.1 in inches (mm).

mage during
ted in 7.10.

b subjected to

e like — if the
s specified in

ct plug-in unit

bnded for use
(see 14.1.4);

S is the lesser of the two distances, S; or S,, as illustrated in Figure 7.1 in inches (mm).

X is the greater of the two distances, X, or X, as illustrated in Figure 7.1 in inches (mm).
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Figure 7.1

Dimensions of a direct plug-in unit
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7.12 The moment and weight specified in 7.11 are to be determined as follows:

a) For units with an output cord, the cord is to be cut off at the enclosure, or at the strain-relief
means if the strain-relief means is outside the enclosure.

b) For units with directly mounted accessories, the values are to be measured with the accessories
in place.

¢) An integral tab is not to be included in measurements of the linear dimensions for the purpose of
determining moments unless:

1) The tab and enclosure withstand the impact described in 46.2.1 with one impact on the

tab itself, without deformation; and

7.13 Whenlinserted in a duplex receptacle, no part of a direct plug-in.unit; including an i
output wiring, shall interfere with full insertion of an attachment pluginto the adjacent re
Figure 7.2 arnjd Figure 7.3.

Exception: This requirement does not apply to a unit that renders the adjacent receptag

unusable in 3

ny one mounting position.

Figure'7.2
125V, 15A Duplex receptacle

[——1.109 MAX——==

TAP FOR NO.6—32 PLATE SCREW\
k

1.531

2) For a polymeric enclosed unit having an integral tab, the tab and enclosuré
at temperatures to which the material may be subjected under conditions g
abnormal use as determined by the mold stress relief distortion test in the
Polymeric Materials — Use in Electrical Equipment Evaluations, Ub-746C.

CRANNZD

_________ojsﬁ_é

0.095
0.075

F—— —‘— 1.327

MAX

do not distort
f normal and
Standard for

ntegral tab or
ceptacle. See

e completely

0.125 MAX

1.531

TAP_FOR NO.6-32 . 0.473
PLATE SCREW 0.463

AR

1.327_| _ _| -
MAX i
|

0.330
0.500 NOM

0.265

1.109 MAX:

S2863A
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Figure 7.3
250V, 15A Duplex receptacle

fe——1.531——— }=-0.125 MAX
| |

0.212 0.265

| | 0.473
| TAP FOR NO. 6-32 i ] 0.463
i PLATE SCREW | | i 0.985

i 0.205 !
|
13270 | |
MAK T |
! :
| .
' 0.212 N A
<—1.109 MAX—~=] 920 i || L_0.285
0.265
1L 0.095
0.075
PM283
7.14 A portpble cord-connected unit intended for wall mounting shall employ key hole

equivalent as

7.15 A mou
are met:

a) The

b) A
recepf

c) For

a mounting means.

nting tab shall not be provided with a direct plug-in unit unless all of the followi

unit is intended-for use on a 15-ampere, 125- or 250-volt receptacle;

screw is-provided and constructed to secure the mounting tab of the unit
acle that-has a center screw (see Figure 7.2);

a.unit without a grounding pin, the mounting tab is constructed so that the

slots or the

ng conditions

to a duplex

unit may be

mounted to both grounding and nongrounding receptacles; and

d) The unit is marked as specified in 52.4.

7.16 The enclosure of a unit shall be capable of being gripped for removal from the receptacle to which it
is connected, and the perimeter of the face section from which the blades project shall not be less than
0.20 inch (5.1 mm) from any point on either blade. In order to determine compliance with this requirement
for units with rounded edges, the perimeter of the face section is considered to be the point at which the
articulate probe is able to access as shown in Figure 7.5.

Exception: For products that are intended for use with children's toys, this distance shall be increased to
7.9 mm, as required in the Standard for Toy Transformers, UL 697. These products shall be marked
"intended for use with children's toys," or an equivalent marking.
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7.17 With reference to 7.16, for an extension from the face for mechanical support of the blades provided
as shown in Figure 7.4, the point of measurement shall be determined by application of the articulate
probe, Figure 16.2, as shown in Figure 7.5.

Figure 7.4

Extension for mechanical support of blades

Perimeter of

Direct Plug—In
d N\

Extension for
Mechanical
Support of

Blades\

SM229
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Figure 7.5

Determination of perimeter of units with rounded edges

—— Top Enclosure
\ 4

4 N

Articulote HArobe —p \
A
/ L Bottop Enclosure
Surfdce of
Wall/Receptacle <4— Blade
N~——
A A: Distance between| blade edge
ond tip of articulate probe
SM1107

7.18 With reference to 7.16, for a directoplug-in unit employing removable blades for the input
connectors, the measurement shall also be determined on the plug module while removed frpom the direct
plug-in unit.

8 Enclosur,

W

8.1 A unit shall be provided with an enclosure that shall house all current-carrying parts that pose a risk
of electric shpck. The €nclosure shall have the strength and properties necessary to reduge the risk of
mechanical damage to the various parts.

8.2 Aunit sl||all have no openings larger than those complying with 16.2.1.

8.3 If an acceptable grade of vulcanized fiber is used as part of the enclosure for the support of
secondary parts (terminals and the like) that do not present a risk of fire or electric shock, the amount of
fiber shall not be more than is necessary to support the secondary parts in question. The fiber shall not be
less than 1/32 inch (0.8 mm) thick and shall not introduce a risk of fire, electric shock, or injury to persons
as aresult of abuse. See 46.1.1.

8.4 An enclosure constructed of sheet metal shall be formed from stock having a thickness not less than
that specified in Table 8.1. The thickness of enclosure sheet metal other than steel or aluminum shall not
be less than that specified in Table 8.1 for uncoated steel and shall have the necessary strength and
rigidity.

Exception: For transformers with end bells forming part of the enclosure, sheet steel having a thickness of
not less than 0.020 inch (0.51 mm) if uncoated, or 0.023 inch (0.68 mm) if zinc coated, may be used if the
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drawn end bells have maximum dimensions of 2-1/4 inches (57.2 mm) on the flat portion and 1-1/2 inches
(38.1 mm) at the base of the drawn portion.

Table 8.1
Minimum acceptable thickness of enclosure metal
At small, flat, unreinforced surfaces and at
surfaces of a shape or size to provide At relatively large unreinforced flat
adequate mechanical strength surfaces
Metal Inches (mm) Inches (mm)

Die-cast 3/64 (1.2) 5/64 (2.0)

Cast mallgable iron 1/16 (1.6) 3/32 214)

Other cast metal 3/32 (2.4) 1/8 (3l

Uncoated|sheet steel 0.026 (0.66) 0.026 (0.66)

Galvanizgdd sheet 0.029 (0.74) 0.029 (0.74)

steel

Nonferroys sheet 0.036 (0.91) 0.036 (0.91)

metal other than

copper

Copper 0.033 (0.84) 0.033 (0.84)
8.5 In addifion to the performance tests specified in this Standard, the factors to be congidered when
evaluating a polymeric enclosure are:

a) Material Flammability properties;

b)Re

c) Mo

These prop¢g
Electrical E(d
mounted unit

8.6 A cond
enclosure, a
Materials — U

Sistance to arcing properties; and

sture absorptive properties.

rties shall comply with the requirements in the Standard for Polymeric Mate
uipment Evaluations, UL 746C. For the purpose of this requirement, a se
is to be considereda' portable unit.

ials — Use in
mipermanent

uctive coating.-applied to a nonmetallic surface such as the inside surfac

of a cover,

hd the like-shall comply with the appropriate requirements in the Standard for Polymeric
se in Electrical Equipment Evaluations, UL 746C, unless it can be determined fhat flaking or

peeling of th¢ coating does not result in a reduction of spacings or the bridging of live parts that may result

in a risk of firi

by electric shock, or injury to persons.

8.7 An adhesive used in the assembly of the enclosure shall be investigated as specified in the Standard
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: A method utilizing fusion techniques, such as solvent cementing, ultrasonic welding,
electromagnetic induction, and thermal welding need not be investigated.

9 Protection Against Corrosion

9.1

Except as noted in 9.2, iron and steel parts shall be protected against corrosion by galvanizing,

plating, enameling, or other equivalent means if the corrosion of such unprotected parts results in a risk of
fire, electric shock, or injury to persons.

Exception: This requirement does not apply to a part made of stainless steel.


https://ulnorm.com/api/?name=UL 1310 2022.pdf

18 UL 1310 JUNE 9, 2022

9.2 The requirement in 9.1 applies to all enclosing cases or to other parts upon which intended
mechanical operation may depend. It does not apply to laminations and small minor parts of iron or steel,
such as washers, screws, and bolts, that are not current carrying, if the corrosion of such unprotected
parts would not result in a risk of fire, electric shock, or injury to persons, or result in the device not
operating as intended.

10 Switches

10.1  The requirements in this Section apply to switches not in a Class 2 circuit, and to switches in a
Class 2 circuit the breakdown of which electrically or mechanically is likely to introduce a risk of fire or
electric shock.

10.2 A switd
temperature |

10.3 A swit
normal use o

h subjected to a temperature higher than 50°C (122°F) shall be evaluated with
mits of the materials used.

ch shall be located and positioned so that it is not subject to mechanical da
as a result of abuse. See 46.1.1.

10.4 Other than as indicated in 10.7 and 10.8, a switch or other control.device shall be acce

application ar
10.5 Aprim
10.6 Aprim
normal load

Overload and

10.7 A switd
with the Norni

10.8 A swit

d shall have current and voltage ratings not less than thosg of the load that it co
bry circuit switch shall be connected to an ungrounded-circuit conductor.

ary circuit switch shall have a current rating notiless than twice the normal currer
conditions, or the switch shall be investigated for the application in accorda
Endurance Tests on Switches and Controls, Section 36.

h or other control device connected in the output circuit may be used if the de
al Temperature Test and the Overload Test on Secondary Switches. See 33.1 a

th or other controller not having an acceptable rating and located on a direc

espect to the

mage during

potable for the
htrols.

t draw under
nce with the

ice complies
nd 37.1.

t plug-in unit

where it cannpt be operated unless the unit is withdrawn from a receptacle may be used if it gomplies with
the Operation Test, Section 38.

11 Protectiye Devices

11.1 A protgctive device built into a unit shall comply with the requirements for that compongnt.

11.2 The protective device may be located in either the primary or secondary circuit.

11.3 Crossed or nicked (reduced) cross-section conductors shall not be employed as a protective device.
11.4 Protective devices mentioned in 11.1 include, but are not limited to, eutectic material, fuses,

overtemperature and overcurrent protectors, thermal protectors, and similar devices intended to interrupt
or limit the flow of current as a result of overload.

11.5 A thermostat, thermal cutoff, Positive Temperature Coeffecient (PTC) resistor, or Negative
Temperature Coefficient (NTC) resistor incorporated in a unit shall not cause a risk of fire or electric shock
due to improper application.

11.6 A manually reset thermostat shall be constructed so that automatic tripping of the thermostat is not
prevented by any setting or position of the reset mechanism.
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11.7 An automatically or manually reset protective device or a replaceable overcurrent-protective device
shall not open when the unit is delivering its rated output. See the Normal Temperature Test, Section 33.

11.8 A primary circuit overcurrent protective device of the single-pole type, other than an automatic
control without a marked "off" position, shall be connected to an ungrounded circuit conductor. See
Exception No. 5to0 14.2.1.

11.9 When a single fuse is located in the primary circuit, it shall be connected to an ungrounded circuit
conductor.

Exception: This requirement does not apply to a unit not infended to be serviced.

11.10 Whe
circuit are fu
ungrounded

Exception: T|

11.11 A un
protection, s
Section 31.

11.12 A prg
type, and sh
When an acq
protective de

11.13 Ano
inaccessible

Exception: A
device is rel

having a high

11.14 A fus
rated in acco

12 Compo

N both circuit conductors of a product intended for connection to a nominal’ 12
sed, the fuse in the grounded circuit conductor shall be rated not less_than' th
Circuit conductor. See 52.8.

his requirement does not apply to a unit not intended to be serviced.

t investigated for compliance with the energy limitations, 6f730.3.1 shall be
ich as a fuse or PTC, complying with the Calibration of Overcurrent Protection

tective device that is provided to comply with 311 shall not be of the autom
all not have automatic tripping prevented by any setting or position of the rese
essible control of a manual reset protective device is held in the on or reset pos
vice is automatically tripped, the contact,shall not automatically return to the clog

to tampering.

unit may be provided with an externally replaceable overcurrent protective
ed upon for acceptable performance, the device shall not be interchangeable
er current rating.

e provided in_the secondary circuit of a not inherently limiting Class 2 power
rdance with Table 30.2.

hents

0 volt branch
e fuse in the

brovided with
Devices Test,

atic reclosing
t mechanism.
bition, and the
ed position.

vercurrent protective device shall be located inside the unit enclosure. The dgvice shall be

device. If the
with a device

unit shall be

121 Aco

ponent — g fixed Tesistor, Positive Temperature Coeffecient(PTC)or Negative

Temperature

Coefficient (NTC) resistor, diode, or the like — employed to limit (see 5.8) the output of a unit to within the
required current or power levels, or otherwise used to obtain acceptable performance, shall have
permanence and stability which does not decrease its limiting capacities. Among the factors considered
when evaluating a limiting component are:

a) Effect of operating temperature;
b) Electrical stress level;
c) Effect of transient surges; and

d) Resistance to moisture.
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12.2 There shall be no components connected between primary and output circuits which result in a
conductive connection (see 5.4). If capacitive coupling is provided between primary and output circuits, it
shall consist of either:

a) A capacitor complying with the antenna coupling requirements specified in the Standard for
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains, UL
60384-14; or

b) Two capacitors connected in series, each capacitor complying with the requirements in 34.1.3.

13 Coil Insulation

131 GenerLI

13.1.1 Aco
each adjacen

Exception Noj
insulation is n
for a single w

Exception No

13.1.2 Coil
resistant.

13.1.3 Film-

| shall be provided with insulation between the coil and any dead méetal part,
E pair of windings.

1: Two or more secondary windings may be considered as.a'single winding anj
ot required, if, when interconnected, the windings comply with the performance
nding.

2: Insulation is not required if the spacings required by 24.1 are provided.

insulation, unless inherently moisture resistant, shall be treated to rende

coated magnet wire is considered to\be moisture resistant.
lion for transformers

insulation between uninsulated, primary wires of opposite polarity shall bg

ctrical grade paper; waxed or otherwise treated to resist the absorption of moist
ickness of nat.less than 0.012 inch (0.305 mm); or

er insulating material having a dielectric breakdown strength of not less than
ckness-used as determined by the Tests on Insulating Materials, Section 40.

and between
d interposing

requirements

it moisture

one of the

ure, having a

P500 volts in

13.2 Insula
13.2.1 The
following:
a) Ele
total th
b) Oth
the thi
13.2.2 Insul

additional req

tiom between the primary and secondary windings_shait— be one of the
uirements, see 13.2.3 and 13.2.4):

ollowing (for

a) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a
total minimum thickness of 0.012 inch (0.305 mm).

b) A molded polymeric material such as a coil form or bobbin having a minimum thickness of 0.025
inch (0.64 mm).

c¢) Insulation — other than of a molded polymeric material — as specified in 13.2.1(b).

13.2.3 Tape used as insulation in lieu of spacings for a flanged bobbin wound transformer shall provide a

continuous 1/

32 inch (0.8 mm) minimum wide bent up edge against the bobbin flanges.
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13.2.4 A flanged, bobbin-wound transformer shall be subjected to the output loading test described in
39.2. The test shall be continued for 15 days if the transformer has:

a) The primary winding wound over the secondary winding or the secondary winding wound over
the primary winding; and

b) The primary winding insulated from the secondary winding by a layer of insulating material other
than that specified in 13.2.2(b).

Exception: The test is not required to be applied for 15 days if the following requirements are met:

a) Multiple layered winding wire is used, which has been evaluated to the requirements for
miscatfarreotts lluou/atl'uy tevices—and-matertats—of-the—Stardard—fot Pu:’_yluculu taterials — Short
Term|Property Evaluations, UL 746A, the Standard for Polymeric Materials — Lorng Aerm Property
Evaluations, UL 746B, and the Standard for Polymeric Materials — Use in Eléctrical Equipment
Evalduations, UL 746C;

b) The spacing requirements of Table 24.1 and Table 24.2 are met;

¢) The requirements in the Standard for Insulation Coordination” Including Clgarances and
Creeppage Distances for Electrical Equipment, UL 840, are met, along with the usq of additional
secu%ment of the winding, and a Comparative Tracking Index(CTI) rating of 100 for all insulating
matefial is determined; or

d) Ingulated wiring is used which has been evaluated-to the Standard for Single- and Multi-Layer
Insulgted Winding Wire, UL 2353.

13.2.5 Insujation between the primary winding and.the core shall be one of the following:

a) Electrical grade paper, waxed or otherwise treated to resist moisture, having a minimum total
thickness of 0.012 inch (0.305 mm);

b) A molded polymeric materialssueh as a coil form or bobbin having a minimum thickhess of 0.025
inch (D.64 mm); or

¢) Insplation — other than of a molded polymeric material — as specified in 13.2.1(b).

Exception: Insulation may be reduced or waived between the primary and core when all of the following
conditions are met:

a) The core-is of a low electrical conductance material, for example ferrite used in| switch-mode
product;

b) The core is treated as a live and electrically conductive part when judging insulation and
spacings between the core and:

i) Accessible metal parts;
ii) The secondary windings; and
iif) Any other output circuitry.

c) In applying (b), the core shall be considered to be at the maximum potential of the primary
winding; and

d) Insulation between secondary windings and core are in accordance with 13.2.5.
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13.2.6 Insulation between the primary winding lead connections and a metallic enclosure shall be one of
the following:
a) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, not less
than 0.012 inch (0.305 mm) thick if used in conjunction with an air spacing of one-half that specified
in24.1.
b) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture having a
total thickness of not less than 0.028 inch (0.71 mm) when the insulation is in contact with the
enclosure.
c¢) Insulation having a dielectric breakdown strength of not less than 2500 volts in the thickness
used for (9) and 5000 volts in the thickness used for (h) as determined hy Tests—oOn |nsu|ating
Materials, Section 40.
13.2.7 Insulption in accordance with 13.2.8 shall be provided between a crossoverlead and
a) Thg turns of the winding to which it is connected;
b) Thg adjacent winding;
¢) Thg metallic enclosure; and
d) Theg core.
13.2.8 To camply with 13.2.7, insulation shall be one of the\following:
a) Elegtrical grade paper, waxed or otherwise treated to resist the absorption of moistlire, having a

total th

ickness of not less than 0.012 inch (0.305 mm); or

b) Insyilation as specified in 13.2.1(b),

Exception Ng

. 1: Any type or thickness oFfinsulation, or a through air spacing less than spe

between a crgssover lead and the winding to which it is connected may be used if either:

a) The
potent
inner

b) The

Exception Ng

coil withstands the-dielectric voltage withstand test described in 34.1.1 and 34

bified in 24.1,

. 1.2 with the

ial applied between the coil leads and with the coil lead cut at the point wherg
ayer; or

coil withistands the induced potential test described in 34.2.1 — 34.2.3. See 13.4.

it enters the

. 2\Mhis requirement does not apply to insulation between a Class 2 seconda

ry crossover

lead and:

a) The secondary winding to which the crossover lead is connected;

b) The metallic enclosure; and

c¢) The core.

13.2.9 With reference to Exception No. 1 to 13.2.8, the magnet coil of a molded bobbin transformer
having a slot for the crossover or start lead — unspliced at the windings — is acceptable as crossover lead

insulation if:

a) The slots provide a graduated through air spacing to the winding, increasing to the end turns;

and
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b) The magnet-coil winding withstands the induced potential test described in 34.2.1 — 34.2.3 or the
dielectric voltage withstand test described in 34.1.1 and 34.1.2.

13.2.10 Insulation between the primary-lead connections and the adjacent winding, and between
secondary-lead connections and the primary winding shall be one of the following:

a) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a
total thickness of not less than 0.028 inch (0.71 mm); or

b) Other insulating material having a dielectric breakdown strength of not less than 5000 volts in
the thickness used as determined by Tests on Insulating Materials, Section 40.

14 Input Cpnnections
14.1 Direct plug-in units

14.1.1 The| integral blade assembly of direct plug-in units shall comply, ‘with the| construction
requirementg in the Standard for Attachment Plugs and Receptacles, UL 498, and Wiring Devices —
Dimensional|Specifications, ANSI/NEMA WD6. See 7.16 and 7.17.

14.1.2 If a direct plug-in unit employs a manually operated line ¢onnected single-pole swjtch or a fuse
with an accessible contact, it shall employ a polarized- or groundifng:type blade assembly.

14.1.3 If a dlirect plug-in unit employs removable, folding or retractable blades for the inputiconnectors, it
shall comply jwith the requirements specified in Section 44;,Direct Plug-in Security of Input Cgntacts Test.

14.1.4 A pgwer unit intended for use by travelers shall comply with (a) — (e):
a) The blade assembly shall be a 125 yolt, 15 amp configuration;

b) The power unit shall employ. a-user adjustable voltage selector and comply with[39.6.1, or be
capable of operating at different voltages without user adjustment;

c¢) The input voltage rating shall include nominal 120 volt;
d) The power unit shalljbe marked as specified in 51.8; and

e) The power unitshall be provided with instructions as specified in 54.4.

14.2 Cord-connected units

14.2.1 A portable or stationary unit shall be provided with a flexible cord in accordance with Table 14.1
and an attachment plug for connection to the branch circuit. The blade assembly for connection to the
branch circuit shall be of the polarized- or grounding-type. The length of cord external to the 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 unit weighing 1 pound (454 g) or less is acceptable if the total length of the input and
output cords is 6 feet or more, and the length of the input cord is at least 3 feet (0.91 m).

Exception No. 2: A stationary power unit intended to be 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 2 foot (610
mm) length of cord will be sufficient for the plug and the receptacle connection.
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Exception No. 3: A power unit marked in accordance with 51.7 and provided with instructions in
accordance with 54.3 is not required to 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.

Exception No. 5: For products that do not require a discharge path, a cord connected unit is not required
to be supplied with a polarized plug when it does not include any single pole switches or fuseholders with

accessible contacts.

Table 14.1
—____Acceptable flexible cords for cord connected power units |

Flexible cord type Maximum length, feet(m)

At least as|serviceable as SP-2, SPE-2, SPT-2, SV, SVE, 10 (3)

SVT

At least as|serviceable as S, SE, SO, SP-3, SPT-3, ST, Not specified

STO, SJ, $JE, SJO, SJT, SJTO
14.2.2 If a ynit with a permanently attached power supply cord cah be adapted for use on|two or more
different voltgges by field alteration of internal connections, thefattachment plug provided |with the unit
shall be of a fype required for the voltage and current for which'the unit is connected when shipped from
the factory.
14.2.3 If a multiple voltage rated power unit is intended. for use with a detachable power supply cord, the

cord shall be

brovided with the unit if either of the following apply:

a) The power unit is provided with an~operator adjustable voltage selector and ¢

39.6.1
b) The

The power un

Exception: A

; or
power unit is capable of.eperating at different voltages without user adjustment

it shall be providedwwith instructions in accordance with 54.1 and 54.2.

bower unit marked in accordance with 51.7 and provided with instructions in acg

54.3 is not required to be provided with the detachable power supply cord.

1424 Apo

ver unitintended for use by travelers shall comply with (a) — (e):

omplies with

ordance with

a) The

nower sunply card shall terminate in a 125 volt_15 amp plug confiquration:
™ Ll e 4 Y Ll i~ =4 T

b) The power unit shall employ a user adjustable voltage selector and comply with 39.6.1, or be

capab

le of operating at different voltages without user adjustment;

c) The input voltage rating shall include nominal 120 volt;

d) The power unit shall be marked as indicated in 51.8; and

e) The power unit shall be provided with instructions per 54.4.

14.3 DC input units

14.31

Standard for Vehicle Battery Adapters, UL 2089, or with a cable as specified in 85.1.

Units with a dc input shall be provided with a vehicle battery adapter in compliance with the
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Exception: A vehicle battery adapter is not required to be provided with the unit, when the unit is marked
for use with a required vehicle battery adapter complying with the Standard for Vehicle Battery Adapters,
UL 2089.

14.3.2 A fuse provided with a dc input jack shall not be relied upon to provide the overcurrent protection
specified in the Output Current and Power Test, Section 30.

14.3.3 A unit employing an integral cigarette lighter connector assembly shall also comply with the
Standard for Vehicle Battery Adapters, UL 2089. In addition, the overall mass of the unit shall not exceed
250 g (8.8 0z). The product of the total mass, and the distance between the center of gravity and the input
contact positioned to simulate full insertion into a vehicle power outlet, shall not exceed 13500 g-mm (18.7
oz-in). For a_unit with an attached cord, the determination shall be made with the cord severed at the

enclosure, o
detachable ¢
connected to

15 Output

15.1 Gene

15.1.1 A ur
battery charg
or a connect

15.2 Outpy
15.2.1 The

mm) thick, a
outside the u

Exception N¢. 1: Wiring less than 6 feet(1.8 m) long may be used if longer wiring introduce

electric shoc

Exception N¢. 2: A product covered by Exception No. 1to 14.2.1 need not extend the outpu

(1.8 m) outsi

15.2.2 For
flexible cord
a separate ¢

at the strain-relief means if the strain-relief means is outside the enclosure. Fo
ord, the determination shall be made with the cord severed from the-mati
the cigarette lighter connector.

Connections
al

it shall be provided with an output cord, terminals, instlated leads, or output
er with backfeed protection shall be provided with-an.output cord terminating ir
pr attached to or integral with the enclosure. See 15.4.3.

t wiring

output wiring shall be stranded condtictors having insulation not less than 0.0
hd permanently attached to the output circuit. The wiring shall extend at least
hit, and shall comply with the requirements in 18.1 and 18.2.

k, or injury to persons.

e the unit.

a cord-connected power unit with a minimum 6-foot (1.8-m) power-supply co
required by 15.1.1, whether permanently attached to the power unit or provided
ord.set, shall be of any desirable length. The maximum combined length of

r a unit with a
ng connector

connectors. A
a connector,

13 inch (0.33

5 feet (1.8 m)

5 a risk of fire,

t wiring 6 feet

'd, the output
in the form of
the input and

output cords

shallnot exceed 20 feet (R 1 m)

15.2.3 With respect to 15.2.1, for units with jacketed multiconductor output wiring, the individual
conductor insulation may be less than 0.013 inch (0.33 mm) provided that the following conditions are met:

a) The thickness of the individual conductor insulation plus the thickness of the jacket is not less
than 0.013 inch (0.33 mm); and

b) The unit complies with the requirements in 28.1 and 30.2.1 with any combination of output
conductors interconnected.

15.2.4 A fitting having female contacts shall be constructed so that it does not receive the blades of a
standard attachment plug. A fitting having male contacts shall be constructed so that the contacts do not
touch a live part of a standard attachment-plug receptacle.
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15.3 Output terminals

15.3.1

A terminal plate tapped for a wire-binding screw or stud shall be of brass or other nonferrous

metal, or plated steel, not less than 0.030 inch (0.76 mm) thick, and shall provide not less than two full

threads in the

Exception No. 1:

connection in

metal for the binding screw.

Two full threads are not required if a lesser number of threads results
which the threads do not strip when subjected to the test specified in 45.1.

in a secure

Exception No. 2: A plate may be less than 0.030 inch (0.76 mm) thick if the tapped threads have
acceptable mechanical strength. See 45.1.

Exception Ng
45.1.

15.3.2 A wine-binding screw or terminal stud shall not be smaller than No. 6 (3.5'mim diame

not have mor
metal, or plats

15.3.3 Term
surfaces. Ths
test describeq

1534 A m
specified in 3{

15.4 Outpu

1541 A un
standard sha

15.4.2 Outp
such as sep3

The connectipns shall be polarized if the output is direct-current or if multiple outputs are prov

15.4.3 Aba
output circuit
means of pre

f connectors

. 3: This requirement does not apply to a terminal plate that complies with-the

b than 32 threads per inch (25.4 mm). The screw or stud shall be of brass or othg
bd iron or steel.

inal studs shall be prevented from turning by means other than friction betwe
acceptability of a lock washer or similar means to prevent turning shall be detern
in45.1 and 45.2.

Ilti-output unit employing output terminals the”output of which exceeds the
).2 with outputs interconnected shall be marked in accordance with 52.12.

be provided with a polarized connector.

ut connectors mounted on the enclosure and intended for direct connection of
rable battery holdefrsiand the like, shall provide a secure connection between

tery chargershall be provided with a means to inhibit backfeed of current during
including faults in the output wiring, which results in a risk of fire or electri
ention-shall protect each output and shall consist of any of the following:

Exception to

ler) and shall
er nonferrous

en mounting
mined by the

current limit

it with multiple outputs where*interconnection exceeds Class 2 levels as dgfined in this

accessories,
mating parts.
ded.

a fault in the
t shock. The

a) A fl

=4 calibrated in accordance with the Standard for | nw-\/nlfs\gn Euses — Pa

rt 1: General

Requirements, UL 248-1, and the Standard for Low-Voltage Fuses — Part 14: Supplemental Fuses,
UL 248-14, located in the output connector and rated to correspond with the maximum overcurrent
protection rating in Table 30.2 for the open circuit voltage involved,;

b) A diode or fixed impedance located in the output connector where it will limit backfeed current in
accordance with the test specified in 39.9.1 and 39.9.2;

¢) An overcurrent protector equivalent to (a) located in the output connector; or

d) An output cord equivalent to that specified in Table 14.1 with respect to insulating material and
thickness; and the battery charger complies with the test specified in 39.9.3 and 39.9.4.
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Exception No. 1: A means of protection is not required when a specific battery or battery pack, to be used
with the charger, does not exceed Class 2 parameters at any level of charge condition. See 52.9. If the

specific battery or battery pack employs limiting circuitry, it shall either:

a) Comply with Class 2 parameters with all circuitry defeated; or

b) Comply with the Standard for Household and Commercial Batteries, UL 2054.

Exception No. 2: A battery charger employing integral batteries is not required to comply with 15.4.3.

15.4.4 Connectors normally used with coaxial cable shall not be used for output connections.

15.5 Bushings

15.5.1 Ata
barrier, or en

a) Be
b) Be

c) Ha

15.5.2
equivalent of

16 Access|

16.1 Gene

16.1.1 A liv
contact is req

16.1.2 The
requirements

with more than one megohmtinput impedance can be lowered by using shunt impedance.

16.1.3 Ag
determining
articulate prg

If th¢ cord hole is in a nonconducting material, a smooth, rounded surface is consid

point where a flexible cord passes or is intended to pass through an opening in
Closing case, there shall be a bushing or the equivalent that shall:

substantial;
secured in place; and

Ve a smooth, rounded surface against which the cord may bear.

a bushing.
bility of Live Parts
al

e part that poses a risk of-€lectric shock shall be located or enclosed so th
uced.

input impedancesef* the voltmeter used to measure voltage in accorda
of 16.2.1 and 46.3.1 is to be a minimum of one megohm. The input impedan

hard, baffle, or cover that can be removed without using a tool is to be rg
f a live part is accessible to the user. A live part that can be contacted by
bej\of accessibility probe illustrated in Figure 16.1, Figure 16.2, or Figure 16.4

a metal wall,

bred to be the

at the risk of

hce with the
ce of a meter

moved when
the test pin,
is considered

hl

to be access

MG,

Exception: For direct plug-in units provided with removable blades for the input connectors, accessibility of
live parts shall also be determined on the plug module while removed from the direct plug-in unit, even if
tools are required for removal.
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Figure 16.1
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Figure 16.2
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16.2 Live parts other than exposed wiring terminals

16.2.1 The test pin and articulate probe illustrated in Figure 16.1 and Figure 16.2, respectively, when
applied as indicated in 16.2.2, shall not contact:

a) A primary circuit; or

b) Any live part with a voltage greater than that specified in 16.2.2 with respect to ground or any
other live part simultaneously accessible to the test pin or articulate probe.

16.2.2 The maximum voltages which may be accessible in accordance with 16.2.1(a) are:

a) 42 .4V peakfor sinusotdat or nonsinusoidarAC;
b) 60 Y for continuous DC, or 60 V peak for interrupted DC outside the range of 10,200 Hz;
c) 24.8 V peak for DC interrupted at a rate of 10 — 200 Hz; and

d) As indicated in Figure 16.3 for combinations of AC and DC.

For the purpgse of this requirement, initial transients lasting less than, 200 milliseconds may be ignored.
Since short t¢rm peak voltage is of interest during tests involving aault, voltages are to be monitored by
using a storage oscilloscope for the first two seconds after any fault is ‘introduced.

Exception Nd. 1: The voltage may be exceeded if the currentybetween the parts does not exceed 0.5 mA
when measured in accordance with Leakage Current TestSection 26.

Exception No| 2: The maximum voltage in 16.2.2 (b)‘and (d) may be exceeded provided:
a) Thg power supply is in a no-load or “hiccup” condition;

b) Thg power supply includes a load-detection circuit that cycles the output “On” and 10ff” resulting
in a repetitive waveform;

c) Thg peak value decays.to.an average voltage prior to the next “On” state that is less|than 60 V;
d) Thqg voltage at the {On” state does not exceed 120 V peak; and

e) Thq voltage (RMS) of the repetitive waveform is less than 60 V.
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Figure 16.3
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16.2.3 The test pin and articulate probe referenced in 16.2.1 are to be applied with a force not exceeding
1 pound (4.4 N) to determine whether the live parts are accessible. The test pin shall not be applied to

fuseholders a

nd the like.

16.3 Exposed wiring terminals

16.3.1

The accessibility probe illustrated in Figure 16.4, when applied as indicated in 16.3.3, shall not

contact an exposed wiring terminal with a voltage greater than that specified in 16.3.2 with respect to
ground or to any other terminal simultaneously accessible to the probe.

16.3.2 The
a)42.
b) 42.
C) 24.
d) 42
16.3.3 The
pounds (25 N
probe, wire bi

17 Live Par

17.1 A currd
other corrosid

17.2  An uni
shift in positig

17.3 Friction between surfaceslis not acceptable as a means to prevent shifting or turning

but a lock wa

18 Strain R

18.1 Strain

aximum voltages which may be accessible in accordance with 16.3.1 are:

V peak for sinusoidal or nonsinusoidal AC;

V for continuous DC, or 42.4 V peak for interrupted DC outside the,range of 10
V peak for DC interrupted at a rate of 10 — 200 Hz; and

L V peak for combinations of AC and DC.

accessibility probe referenced in 16.3.1 is to be applied with a force not ex
) to determine whether the exposed wiring terminals are accessible. Prior to
hding screws are to secure the largest wire in @ecordance with Table 45.1.

ts

nt-carrying part shall be silver, copper, a copper alloy, plated iron or steel, stain
n-resistant alloys acceptable forthe application.

nsulated live part shall be-secured to the base or mounting surface so that it do
n if such motion results in-a reduction of spacings below the minimum acceptabl

bher is acceptable.
elief

relief”shall be provided for the supply cord and output wiring, and shall

— 200 Hz;

ceeding 5.62

applying the

less steel, or

ps not turn or

e values.

of a live part

be tested in

Hhth o Ot DAl

accordance W

£ T + O fion- 44
nrruie Iudiit T\CICT TCOoL, JOULUUITT 1.

18.2 Means shall be provided to prevent the cord or wiring 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;

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

or

d) Damaging internal connections or components.
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To determine compliance, the supply cord or lead shall be tested in accordance with Section 42, Push-
Back Relief Test.

19 Internal

19.1
dielectric pro

Wiring

perties, and ampacity for the application. See 19.6.

The internal wiring of a unit shall consist of insulated conductors having mechanical strength,

19.2 Each splice and connection shall be mechanically secure, shall provide reliable electrical contact,
and shall be provided with insulation at least equivalent to that of the wire involved unless acceptable
permanent spacing between the splice and all other metal parts will be maintained. When determining the

r circuits shall

required min
be taken intoj

19.3 A wirg

mum-thickness of eplir\n inelllaﬁr\n’ the circuit \lnlfggn and-interactionwith othe.

consideration.

connector for making a splice in a unit shall be a type that is applied. by’a tog

application force of the tool making the splice is independent of the force applied by the o

tool.

194 Thec

bnnection between a lead, including a flexible cord, and the transformer winding

of the unit shall be soldered, welded, or otherwise securely connected within the enclosur

joint shall be

19.5
subjected to
not required

19.6 Unles
equipment-g
when consid

a)Th

b) Ex
the in

c) Oth

19.7 An ins
edge, burr, fi

mechanically secure before soldering.

If a le@d is rigidly held in place without the use of solder, or if it is retained in place s

pny motion, no additional mechanical security‘is-required. Mechanical securems
f separation of the connection does not resultin a risk of fire or electric shock.

5 it is to be evaluated 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.

ulated conductor shall be located or protected to reduce the risk of contact w
N, moving part, or the like, that can damage the conductor insulation.

| in which the
berator of the

or other part
2. A soldered

b as not to be
nt of alead is

including an
e application,

ious effect on

ith any sharp

20 Separa

20.1

fomof Circuits

Unless provided with insulation rated for the highest voltage involved, insulated conductors of

different circuits — internal wiring — shall be separated by barriers or shall be segregated and shall, in any
case, be separated or segregated from uninsulated live parts connected to different circuits.

20.2 Segregation of insulated conductors may be accomplished by clamping, routing, or equivalent
means that provides permanent separation from an insulated or uninsulated live part of a different circuit.

20.3 A barrier used to separate or segregate internal wiring shall have mechanical strength and be held
in place to provide permanent separation, and it shall be acceptable for the temperatures involved.
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20.4 A barrier intended to separate or segregate low-voltage field wiring from line-voltage parts shall be

of material of sufficient thickness to serve its intended purpose.

deformation cannot be readily accomplished to defeat its purpose.

21

21.1

Insulating Materials

It shall be supported so that its

Integral parts such as insulating washers and bushings, and bases or supports for mounting of live

parts, shall be of moisture-resistant materials that are not damaged by the temperatures and stresses to
which they are subjected under conditions of actual use.

21.2 An |nsulat|ng materlal is to be evaluated for the appllcatlon in accordance W|th the Standard for

Polymeric M3
such factors

enclosed, an(

Exception: M
as the sole sy

22 Printed-

22.1 A print
and shall be
Plastic Mater

Exception Ng.

circuits wherg
not result in a

Exception No

Exception Na.

material or h3

22.2 A resig
printed circuif
shock by a fg
Abuse Tests,

as |ts mechanlcal strength, reS|stance to |gn|t|on sources, dlelectnc streng
resistance, afd heat-resistant properties in both the aged and unaged conditions, the degree

any other features affecting the risk of fire and electric shock.

bterials, such as mica, ceramic, or some molded compounds are.usually accef]
pport of live parts.

Wiring Boards

ed-wiring board in a unit shall comply with the Standard for Printed-Wiring Bog

0 be given to
h, insulation
to which it is

table for use

rds, UL 796,

tlassed V-1 or less flammable, in accordance with. the Standard for Tests for Flammability of

als for Parts in Devices and Appliances, UL 94

1: This requirement does not apply toa printed-wiring board that contains
b deterioration or breakage of the hond' between the conductor and the base 1
risk of fire or electric shock.

2: For a direct plug-in unit, a'V-2 material may be used if the enclosure has no

3: For a cord-connected unit, a V-2 material may be used if the unit is closed
S an equivalent bareier.

tor, capacitor, inductor, or other part that is mounted on a printed circuit bozg
assembly-shall be secured so that it cannot be displaced to cause a risk of fi
rce likely\te be exerted on it during assembly or normal operation as determing
Section46.

22.3 A printed

AALHEHA-CH = i ol | V3 N 1 4024 1 bhall gl .
UmvvITIn \JGIU [=0>] IIIUI\JCILUU III I_I\LIUPU\JII INU. T U 5.1 L1 10U,

only Class 2
haterial does
ppenings.

beneath the
rd to form a

re or electric
ed during the

S0dirT d

RS

a) Comply with the Standard for Printed-Wiring Boards, UL 796; and

b) Have a minimum flammability classification of V-0 in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

23 Groundi

231

23.1.1

ng

General

Provision shall be made for grounding of all dead metal parts that are exposed or that are likely to

be touched by a person during intended operation or adjustment of the unit, and that are likely to become
energized through electric fault.
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Exception: A metal part, such as an adhesive-attached metal foil marking, a screw, or a rivet separated
from wiring and spaced from uninsulated live parts as if it were a grounded part need not be connected to
the grounding member.

23.1.2 For a direct plug-in unit intended for semipermanent installation, a metal mounting tab may serve
as the grounding member.

23.1.3 A metallic ground pin, if employed, shall be conductively connected to accessible metal parts. For

units not having accessible dead metal parts, the grounding means shall be connected to:

a) The core of the transformer or other internal dead metal part;

b) Th
c)Ad

For adirect g

23.1.4 With
the output cg

23.1.5 To ¢
proximity of
test, and sim

23.1.6 Bon
lug, a screw
sheet metal
enclosure.

Exception: A

b transformer secondary output; or

rounding wire in the output cord which terminates at the output connector.
lug-in unit provided with a non-metallic ground pin, see 23.1.7.

reference to 23.1.3(c), for units having the grounding means\connected to a b
rd, the bonding wire shall comply with 23.2.6.

etermine whether a part is likely to become energized, such factors as con
viring, a dielectric voltage withstand test after the«Overload and endurance tes
lar considerations are to be evaluated.

ing shall comply with 23.2 whether the grounding connection is required or no
ess (push-in) connector, a quick-connett, or other friction-fit connector shall n
screw shall not be used to conneeb a grounding conductor or connection

quick-connect terminal may,be used in conjunction with solder for securing 1

bnding wire in

struction, the
its, a burnout

t. A soldering
Dt be used. A
device to an

he grounding

conductor.

23.1.7 Adifect plug-in unit previded with a non-metallic ground pin for increased stability (dummy ground
pin) shall comply with 23.1.8-and, if applicable, 23.1.9.

23.1.8 The|orientation-of the non-metallic ground pin with respect to the supply bladdgs shall be in
accordance With Figure 7.2 or Figure 7.3.

23.1.9 A difect)plug-in unit intended for use with a duplex receptacle where a non-metallic|ground pin is

oriented for insertion in the grounding contact of the receptacle adjacent to that used for the supply blades

shall:

a) Render the supply contacts of the receptacle adjacent to that associated with the direct plug-in
supply blades completely unusable; and

b) Be

provided with the following marking or instruction:
1) “For use only with a duplex receptacle” or equivalent; or

2) A pictorial illustrating proper orientation in a duplex receptacle.
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23.2 Bonding conductor

23.2.1 Bonding shall be accomplished by a metal-to-metal contact of parts or by a separate bonding
conductor as specified in 23.2.6.

23.2.2 A bonding conductor shall be copper, copper alloy, or another acceptable material.

23.2.3 Ferrous metal in the grounding path shall be protected against corrosion by enameling,
galvanizing, plating, or other equivalent means.

Exception: Corrosion protection is not required to be provided at electrical connections.

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

b) Sh3ll not be secured by a removable fastener used for a purpose in,addition to bonding, unless
the bgnding 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.

23.2.5 A splice shall not be employed in a bonding conductot:

23.2.6 A separate component-bonding conductor relied. upon as the primary ground path shall:
a) Not|be smaller than any internal conductor$supplying the part to be bonded; or

b) Comply with the Bonding Conductor Iest, Section 47.

24 Spacin

24.1 Spacings between live parts_of opposite polarity, between live and dead metal parts, and between
live parts and a metal enclosure; shall be as specified in Table 24.1 or Table 24.2, as appropriate. If a live
part is not rigidly secured in position by a means other than friction between surfaces, or if a movable dead
metal part is|in proximity‘to an uninsulated live part, the construction shall be such thaf| at least the
minimum spagings willbe-maintained.

Exception Nd| 1;. Spacings between traces on a printed-wiring board need not comply with Table 24.1 and
Table 24.2 if the printed-wiring board complies with the abnormal operation test in 39.8. See afso 22.3. The
requirements specified in 22.3 and 39.8 do not substitute for the minimum required spacings between the
printed-wiring board foils and dead metal parts or the spacings between the primary and secondary foils of
the printed-wiring board as specified in Table 24.1 or Table 24.2.

Exception No. 2: This requirement does not apply to a unit complying with the requirements in 24.5 —
24.9.

Exception No. 3: This requirement does not apply to inherent spacings of a component such as adjacent
terminals of a power switching semiconductor device.
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Table 24.1
Spacing in units having openings

Minimum spacings, inch (mm)
Potential involved, volts Through air Over surface Shortest distance to

rms (peak) metal enclosure
50 or less (70.7) 1/16 (1.6) 1/16 (1.6) 1/16 (1.6)
51-150(70.8 - 212.1) 1/8 (3.2) 1/4 (6.4) 1/4 (6.4)
151 -250 (212.2 — 353.5) 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
251-600 (353.6 — 848.5) 3/8 (9.5) 1/2 (12.7) 1/2 (12.7)

Table 24.2
Spacing in units without openings
Minimum spacings, inch (mm)
Through air and over surface Shortest distance to metal

Potentiallinvolved, volts rms (peak) enclosure
50 or lesq(70.7) 1/16 (1.6) 1/16 (1.6)
51-150(70.8-212.1) 1/16 (1.6) 1/4 (6.4)
151 -25( (212.2 — 353.5) 3/16 (4.8) 1/4 (6.4)
251-60( (353.6 — 848.5) 1/4 (6.4) 1/2(12.7)

24.2 For the purpose of determining working voltage,in‘units employing nonlinear circuitry:
a) When the dc value is used, the peak valyeof any superimposed ripple shall be inclided;
b) Noph-repetitive transients (due, for example, to atmospheric disturbances) shall be disregarded;
c) The voltage of a Class 2 circuit’is regarded as zero for determination of through|air spacings.
Howgver, the voltage of a Class 2 circuit shall be taken into account for determirjation of over
surfage spacings;

d) Ungrounded accesgsible conductive parts shall be assumed to be grounded;

e) Where a transformer winding or other part is floating (not connected to a |circuit which
establishes its-potential relative to earth), it shall be assumed to be grounded at the goint by which
the highestworking voltage is obtained;

f) Forlinsulation between two transformer windings, the highest voltage between any| two points in
the two windings shall be used, taking into account external voltages to which the windings are
able to be connected;

g) For insulation between a transformer winding and another part, the highest voltage between any
point on the winding and the other part shall be used; and

h) Nominal values of mains supply voltage shall be used.

24.3 All uninsulated live parts connected to different circuits, including all secondary circuits, shall be
spaced from one another as though they were parts of opposite polarity and shall be evaluated on the
basis of the highest voltage involved.
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24.4 At other than field-wiring terminals, spacings in a Class 2 secondary circuit from the transformer
secondary winding on or beyond the energy-limiting component, as may be appropriate, are not specified
between live parts of opposite polarity and between a live part and a dead metal part.

245 As an alternative to the spacing requirements of Table 24.1 or Table 24.2, as appropriate, the
spacing requirements in the Standard for Insulation Coordination Including Clearances and Creepage
Distances For Electrical Equipment, UL 840, may be used. The spacing requirements of UL 840 shall not
be used for output wiring terminals and spacings to a dead metal enclosure.

24.6 ltis anticipated that the level of pollution expected will be pollution degree 2. Hermetically sealed or
encapsulated enclosures, or coated printed wiring boards in compliance with the Printed-Wiring Board
Coating Performance Test specified in the Standard for Insulation Coordination Including Clearances and
Creepage Digtances For Electrical Equipment, UL 840, are considered pollution degree 1.

24.7 It is anticipated the equipment will be rated overvoltage category Il and overvaltage ¢ategory | as
defined in the Standard for Insulation Coordination Including Clearances and Creepage Distances for
Electrical EqUipment, UL 840.

24.8 In ordgr to apply Clearance B (controlled overvoltage) clearances; control of overvoliage shall be
achieved by groviding an overvoltage device or system as an integral partof the product.

24.9 All printed-wiring boards are considered to have a minimum‘comparative tracking index (CTI) of 100
without furthelr investigation.

2410 An insulating barrier or liner used to provide, spacings shall be of material acceptable for the
application ard shall not be less than 0.028 inch (0.71, mm) thick.

Exception Nd| 1: A barrier or liner used in conjunction with not less than half the required spacing through
air may be le§s than 0.028 inch (0.71 mm) thick) but not less than 0.012 inch (0.305 mm) thick if the barrier
or liner is of agceptable insulating material'that is:

a) Registant to moisture;

b) Of acceptable mechanical strength if exposed or otherwise likely to be subjected tp mechanical
damage;

¢) Rellably held in place; and

d) Logated so.that it is not adversely affected by operation of the device — particularly grcing.

Exception N 27 A barrier or liner may be less than 0028 inch (n 71 mm) thick but not less than 0.010
inch (0.25 mm) thick in the secondary circuit where the potential is not more than 50 volts if it is:

a) Resistant to moisture;

b) Of acceptable mechanical strength if exposed or otherwise likely to be subjected to mechanical
damage; and

¢) Reliably held in place.

2411 Insulating material having a thickness less than that specified in 24.10 may be used if, upon
investigation, it is found to be acceptable for the application, and has a dielectric breakdown strength of
not less than 5000 volts in the thickness used for 24.10, or 2500 volts in the thickness used for Exception
No. 1 to 24.10, as determined by the Tests on Insulating Materials, Section 40.
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2412 Units, which are marked "Double Insulated" or marked with the symbol for double insulation, shall
be investigated to the Standard for Double Insulation Systems for Use in Electronic Equipment, UL 2097.

PERFORMANCE
25 General

25.1 The number of representative samples indicated in Table 25.1 shall be subjected to the tests
described in Sections 26 — 47. Unless otherwise specified, all tests are to be conducted at the applicable
voltage specified in Table 25.2. A power unit marked with an operating voltage range shall comply with the

requirements while connected to a source of voltage adjusted to that value within the specified range
which results-in-the-most-severe npnrofing condition

Table 25.1
Tests
Number |of samples to
Section Test be subjected to test

26 Leakage Current 1
27 Leakage Current and Dielectric Voltage Withstand after Humidity Exposure 1
28 Maximum Output Voltage 1
29 Maximum Input 1
30 Output Current and Power 1
31 Calibration of Overcurrent Protection Devices, Test 1
32 Full-Load Output Current 1
33 Normal Temperature 1
34 Dielectric Voltage Withstand 1
35 Endurance 1
34 and 35 Repeat Dielectric Voltage-Withstand 1
36 Overload on Primary Switches 1
37 Overload on Segendary Switches 1
38 Operation 1
39 Abnormal.Output Loading 12
Transformer Burnout 1°

Reverse Polarity 1

Switch Position 1
Component Malfunction or Breakdown 1°¢

40 Tests on Insulating Materials d
41 Strain Relief 1
43 Direct Plug-In Unit Blade Secureness 1
44 Direct Plug-In Unit Input Contact Security 1
45 Output Connector Security 1
46 Abuse: Impact on Direct Plug-In Units 3
Impact on Cord Connected Units 3

Rod Pressure on Direct Plug-In Units 1

Resistance to Crushing on Direct Plug-In Units 1

Table 25.1 Continued on Next Page
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Table 25.1 Continued

Section

Test

Number of samples to
be subjected to test

47

Bonding Conductor
Tests for Thermoplastic Enclosures

Mold Stress Relief Distortion
Strain Relief Test after Mold Stress Relief Distortion

1
e
1e
1e

winding.

¢ Additional sa
faulted.

9 A sample rep
¢ Based on the

@ One sample is required for each loading condition noted in 39.2.

b Additional samples may be required if multiple secondary windings are present. One sample is required for each secondary

sentative of the insulating system material or materials is to be tested.

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

nt to be

Table 25.2
Values of test voltage
Rated Voltage Test Voltage
110-120 120
121-219 Rated voltage
220 -240 240
241 - 250 Rated voltage

25.2  With rg
one test, prov

25.3 Forteg
by a branch-
unit may be G
device shall b

25.4 The fre

spect to 25.1 and footnotes a, b, and"c of Table 25.1, a sample may be used f
iding the previous test did not damage the sample.

ts in which the unit is to be.€eonnected to a supply circuit, the branch circuit shall
Circuit protective device having a rating equal to the smallest rated receptacle
ponnected. For a unit'permanently connected to the input supply, the branch-cirg
e 15 amperes.

quency of the supply circuit is to be the rated frequency of the unit. If the unit

range of freq

Protective D

uencies,-the Maximum Input Test, Section 29, Full Load Output Current Test

ices, Section 35, shall be conducted at the lowest rated frequency, and all othg

or more than

be protected
to which the
uit protective

is rated for a

Section 32,
temperature-
r tests are to

Normal Temjt/erature Test, Section 33, and Endurance Test on Overcurrent- and Over

be conducted at the highest rated frequency.

25.5 For all tests in which a direct plug-in unit is to be energized from a source of supply, the unit is to be
operated from an outlet representing the following constructions:

a) Duplex receptacle outlet with nonmetallic faceplate;

b) Receptacle mounted on a nonmetallic outlet box, not more than 12 cubic inches (196.6 cm?) in
volume; and

c) Outlet box mounted in a vertical wall section approximately 3-1/2 inches (88.9 mm) thick with
plywood or gypsum wallboard surfaces and loosely filled with fiberglass or equivalent thermal
insulation.

25.6 The cheesecloth mentioned in this standard is to be bleached cheesecloth running 14 — 15 square
yards per pound mass (approximately 26 — 28 square meters per kilogram mass) and having what is
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known in the trade as a "count of 32 by 28," that is, for any square inch, 32 threads in one direction and 28
threads in the other direction (for any square centimeter, 13 threads in one direction and 11 in the other
direction).

25.7 The tests described in Sections 29 — 33, 35, and 36 — 40 are to be conducted in an ambient air
temperature within the range of 21 — 30°C (70 — 86°F).

Exception: The Normal Temperature Test, Section 33, with or without standard fuses, but without other
forms of overcurrent or overtemperature protectors, may be conducted in an ambient air temperature
within the range of 10 — 40°C (50 — 104°F).

25.8 For tests-which epnr\ify rated load r\r\nrﬁfinne, a cgmpln is-to he connected-to-the lo. Specified in
Table 25.3.

25.9 With reference to Table 25.3, if an output is rated in watts or volt-amperes, the rated putput current
is considered to be the quotient of the watt or volt-ampere rating and the voltage rating.

Table 25.3
Unit output loading

Type of output current Load for test
Alternating Variable.fesistor adjusted to result in rated outpyt current.
Rectified Variable-resistor in parallel with a 10,000 microfgrad

capagitor® adjusted to result in rated output currgnt; or, for
the temperature test, a load as noted in 25.10, 25.11, or

25.12 if a battery charger is intended for use with specific
batteries.

A parallg] capacitor is not required if, at rated output eurrent through a resistive load:

) The form factor (Vs/Vayg) does notexceed 1.05; and
B) The crest factor (V,/Vims) do€s ot exceed 1.05, where:
Vims = the RMS output voltage

Vayg = the average output voltage

Vi =.the\peak output voltage

25.10 |If a battery charger is to be tested using a lead-acid battery or batteries as the load, gach battery is
to be discharged o T1.75 volIts per cell— measured with the Toad connected — at a rate not 1o 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.

2511 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.

2512 |If a battery charger is to be tested with a battery or batteries other than those specified in 25.10
and 25.11, the battery is to be discharged at a rate not exceeding the battery manufacturers maximum
recommended discharge rate to an appropriate discharge voltage.
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26 Leakage Current Test

26.1 The leakage current of a unit, tested in accordance with 26.3 — 26.7, shall not be more t

a) 0.5 milliampere for a portable unit; or

b) 0.75 milliampere for a stationary unit.

26.2 Leakage current refers to all currents, including capacitively coupled currents, t
conveyed between exposed surfaces and ground or other exposed surfaces of a unit.

26.3 All exposed surfaces, including output terminals, are to be tested for leakage currents.
currents from[these surfaces are to be measured to the grounded supply conductor individua
collectively where simultaneously accessible, and from one surface to another where| si
accessible, ekcept not from one output terminal to another. Parts are considered to be expo

unless guardgd by an enclosure that complies with the requirements for Enclosures Section §.

26.4 If a sufface other than metal is used for the enclosure or part of the enclosure, the lea

han:

hat may be

The leakage
lly as well as
multaneously
sed surfaces

kage current

is to be measured using a metal foil with an area of 10 by 20 centimeters (3:94 by 7.88 inchg¢s) in contact

with the surface. Where the surface is less than 10 by 20 centimeters (3:94 by 7.88 inches),
is to be the §ame size as the surface. The metal foil is not to remain‘in place long enough
temperature ¢f the unit.

26.5 The méasurement circuit for leakage current is to be as\illustrated in Figure 26.1. The n
used for a measurement need only indicate the same numerical value for a particular meg
would the defined instrument. The meter used need nof have all the attributes of the define
The measurement instrument is to be as follows:

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a ¢
0.15 mpicrofarad.

b) The

voltag

c) OvIr a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have
respomse — ratio of indicated to actual value of current — equal to the ratio of the im
1500-phm resistor ‘shunted by a 0.15-microfarad capacitor to 1500 ohms. At an ind
milliampere, the{measurement is to have an error of not more than 5 percent.

meter is to indicate 1.11-times the average of the full-wave rectified composite
e across the resistor or current through the resistor.

the metal foil
to affect the

heter actually
surement as
0 instrument.

pacitance of

waveform of

a frequency
bedance of a
cation of 0.5
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Figure 26.1

Leakage-current measurement circuit

PRODUCT METER

. FE T

120V

% INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B
€100

Unit intended fof connection to a 120-volt supply.

!
120V

PRODUCT METER

a0

Y
~
o
<

St % INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B

1 C200

Unit intended fof connection to a 3-wire, grounded neutral power supply,.asiillustrated above.
A. PROBE WITH SHIELDED LEAD.
B. SEPARATED|AND USED AS CLIP WHEN MEASURING CURRENTS FROM ONE PART OF DEVICE TO ANOTHER.
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26.6 Unless the meter is being used to measure leakage from one part of the unit to another, the meter is
to be connected between the accessible parts and the grounded supply conductor.

26.7 A sample of the unit is to be tested for leakage current starting with the as-received condition (see
26.8) but with its grounding conductor open at the attachment plug. A resistance load is to be adjusted to
draw the rated output of the unit in watts or volt-amperes at rated voltage. This load is to be connected to
the output terminals prior to the start of the test sequence. The test sequence, with reference to the

measurement circuit, Figure 26.1, is to be as follows:

a) With switch S1 open, the unit is to be connected to the measurement circuit. Leakage current is
to be measured using both positions of switch S2, and with the unit's switching devices in all their
normal positions.

b) Sw
within
the un

c) Leg

S2 arT

opera

26.8 For the
occur as part

26.9 A sam
without interr
Section 34.

tch S1 is then to be closed, energizing the unit and the load on the output g
5 seconds the leakage current is to be measured using both positions of switch
t switching devices in all their normal positions.

kage current is to be monitored until ultimate results are obtained.-Both positi
to be used in making this measurement. Ultimate results are considered to b
on for 1 hour.

purpose of 26.7, the as-received condition is to be withiout prior energization e
of the production line testing.

ple is to be subjected to the complete leakage current test program as cov
Liption for other tests. The unit shall then comply with the Dielectric Voltage Wi

rminals, and
S2 and with

bns of switch
b attained by

cept as may

cred by 26.7
thstand Test,

27 Leakagg Current Test and Dielectric Voltage Withstand Test After Humidity Exposure

27.1 A unit
Test, Section
temperature ¢

27.2 To det
temperature j
as specified i

shall comply with the Leakage Current Test, Section 26, and Dielectric Voltage Withstand

34, following exposure for48 hours to air having a relative humidity of 88 +2
f 32 +2°C (89.6 +3.6°F).

ermine whether.@_unit complies with the requirement in 27.1, a sample of
ust above 34°C-(93.2°F) is to be conditioned for 48 hours in a humidity chambsg
h 27.1. Follewing the conditioning, the sample is to be tested unenergized as

26.7(a), and

en energized and tested as described in 26.7(b) and 26.7(c). The test is to be

percent at a

he unit at a
r maintained
described in
discontinued

when the leakage.current stabilizes or decreases. The sample is then to be subjected to the Dielectric

Voltage Withgtand Test, Section 34.

28 Maximum Output Voltage Test

28.1

The maximum output voltage under any load condition (including no load) between any two output

terminations of a unit shall not be more than the peak voltages specified in 16.2.2 when the primary is
connected to the supply circuit. Exception No. 1 to 16.2.2 does not apply to this requirement. See 28.3.

28.2
measured wit

h any combination of interconnections of the output terminations.

If a unit has more then one pair of output terminations, the output voltage mentioned in 28.1 is to be

28.3 The maximum voltage between output terminations of a multiple output unit may exceed the values
specified in 28.1 when the output terminations are interconnected, if the following conditions are met:

a) The maximum output voltage between any two terminations is not more than the values

indicated in 28.1 when no connections are made between the output terminations; and
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b) The unit is marked in accordance with 52.10.
29 Maximum Input Test

29.1 The primary input of a direct plug-in or cord-connected unit shall not be more than 660 watts when
the unit is connected to the supply circuit with any condition of secondary load, including the short-
circuiting of any combination of outputs.

29.2 To determine compliance with 29.1, one sample of the unit is to be connected to the load specified
in Table 25.3, and the loads are to be adjusted to cause maximum input to the sample. The supply circuit is

then to be de-energized and the sample is to be allowed to cool to room temperature The supply circuit is

then to be e

voltage to th¢

30 Output
30.1 Gene

30.1.1 The
determined U
reading of th
to room ter
measuremer

Exception: A
requirements
and the Stan|
not required

30.2

30.2.1 Und
when not pr

Table 30.1 and the maximum. output volt-amperes shall not be more than 100 volt-amper:

indicated in 3

Inherently limited

prlmary wmdmgs
Current and Power Test
al

maximum output current and output volt-amperes specified in 30.2 and 3(
sing a current meter and a watt meter. A resistive load jis to be adjusted to resu

hperature. The sample is then to be energizéd“vand maximum current
ts are to be taken at the time specified in 30.2.

n inherently limited or a not inherently limitéd Class 2 transformer that com

in the Standard for Low Voltage Transformers — Part 1: General Requirement
dard for Low Voltage Transformers —Part 3: Class 2 and Class 3 Transformers,
o be tested in accordance with 30.2\0r 30.3.

br any condition of resistive loading — including short-circuit and interconnecti
bhibited by marking-x»the maximum output current shall not exceed the valu

0.2.3 and 30,34/ for the following conditions, as applicable:

a) Fo
made

b) Fo

I a unit which employs a transformer with no form of protection, the measure
60 seconds after the unit is connected to the source of supply.

I*a_unit which employs a transformer and an energy limiting impedance or e

srapplication of

).3 are to be
t in maximum

e meters. With no further adjustment of the load, the sample is to be de-energiz¢d and cooled

and wattage

plies with the
5, UL 5085-1,
UL 5085-3, is

on of outputs
b specified in
Ps, except as

ment is to be

hergy limiting

circui

(a resistor, a PTC device, or similar circuitry) required for the purpose (

ee 5.8), the

measurement is to be made five seconds after the unit is connected to the source of supply.

c¢) For a unit which employs a transformer and either a thermal cutoff, a fuse, or both, all protection
is to be defeated during the test and the measurement made 60 seconds after the unit is connected

to the

source of supply.

d) For a unit that employs a transformer and a combination of a limiting impedance or circuit
required for the purpose, and a protective device (such as a thermal cutoff, a fuse, or both), all
protective devices are to be defeated and the measurement is to be made five seconds after the
unit is connected to the source of supply.

e) For a unit that employs a dc input, in accordance with 1.1, and a combination of a limiting
impedance or circuit required for the purpose, and a protective device (i.e. thermal cutoff, fuse, or
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both), the protective device is to be defeated and the measurement is to be made five seconds
after the unit is connected to the source of supply.

Table 30.1
Maximum output current for inherently limited units
Maximum nameplate ratings .
Circuit voltage (Vyay)*? Maximum output current
ac or dc Volts Volt-Amperes Amperes (Imax)S; Amperes
0-20 5.0 X Vinax 5.0 8.0
Over 20 to 30 100 100/Vmax 8.0
Over 30 tq-60-de-enty 468 +00A = +56A =
2 Vmax - Maximum output voltage regardless of load with rated input voltage applied.
® \/oltage ranges shown are for sinusoidal alternating current and continuous direct current. For nonsiniisoidal
alternating current, maximum voltage shall not be greater than 42.4 volts peak. For direct current interrupted af a rate of
10 — 200 Hertz, maximum voltage shall not be greater than 24.8 volts.
© lmax IS Maximum output current regardless of load.
30.2.2 If thg value of current and power cannot be obtained due to<operation of a protdctive device,

damage to th

b transformer, or the like:

a) The values are to be extrapolated, if feasible, from¢the’ values measured earlief in the time
period; or
b) A pfotective device may be shunted to obtain the’required data.
30.2.3 The [current between output terminations.:of*a multi-output unit is not required to| comply with
30.2.1 when qutput terminations are interconnected-if the following conditions are met:
a) The output current between any two terminations is not more than the limit specified in 30.2.1
when ho connections are made between output terminations of separate outputs;
b) Thq unit is marked in accordance with 52.10; and
¢) There is no emissionlofiflame or molten metal from the unit enclosure and no other ¢vidence of a
risk ofifire or electric shock.
30.3 Not inherentlylimited
30.3.1  Whep, the-unit includes means to automatically de-energize the output circuit (sep 11.11), the
values of the leutput-current-and-volt-amperes-spesified-in39-2-1-shall-not-exceed-these-spedified in Table

30.2.

30.3.2 To determine if a unit complies with the requirement in 30.3.1, the unit is to be allowed to deliver
the test current to a resistance load, with the primary connected to a source of supply. The unit is to be
draped with a double layer of cheesecloth conforming to the device outline. Charring, glowing, or flaming
of the cheesecloth is unacceptable.
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Table 30.2
Maximum output current and volt-amperes for not inherently limited units
Maximum nameplate ratings Maximum Maximum
Circuit voltage Volt A Maximum output volt- overcurrent
(Vimax)™® ac or olt-amperes mperes output (Iax)°, amperes, protection
dc, volts amperes (VAma)® rating, amperes
0-20 5.0 X Viax 5.0 1000/V nax 250° 5.0
Over 20 to 30 100 100/Vnax 1000/V nax 250 100/V nax
Over 30 to 60, dc 100 100/Vmax 1000/V nax 250 100/V ax
only

@ Vmax is the maximum output voltage regardless of load with rated input voltage applied.

¢ Maximuin volt-amperes is 350 if maximum circuit voltage is 15 or less.

° I max IS Maximum ampere output regardless of load after operation as specified in 30.2.1.
9 VA, ox IS Jmaximum volt-ampere output regardless of load after operation as specified in 30.2.1.

® Voltage fanges shown are for sinusoidal alternating current and continuous direct current. For nonsinusoidaljalternating
current, maximum voltage shall not be greater than 42.4 volts peak. For direct current interrupted at a rateofiAp — 200
hertz, maximum voltage shall not be greater than 24.8 volts.

31 Calibration of Overcurrent Protection Devices Test

31.1 Apro

ctive device provided as a part of a not inherentlylimited unit shall operate in

not more than

the time indigated in Table 31.1 when the unit is delivering the specified secondary current. There shall be
no emission pf flame or molten metal from the enclosure, andyho evidence of a risk of fire or glectric shock

as described in 39.1.2. The unit shall withstand the dielectric voltage withstand test a$ specified in
34.1.1(a), agplied between the primary winding and‘secondary windings, and between the primary and
exposed dead metal parts.
Exception: This test need not be conducted-if a suitably rated (see Table 30.2) and caliprated fuse is
provided in the output circuit.
31.2 During the test, the grounding.means is to be connected to ground through a 3-ampere nontime-
delay fuse and the unit is to be draped with a double layer of cheesecloth conforming to the|outline of the
unit.
Table 31.1
Maximum acceptable time for protection device operation
Rated secondary potential, volts Secondary test current, amperes Maximum time for protective
T device to operate, mihutes

20 orless 102 2

20 orless 6.75° 60

Over 20 to 30 200/Vjas® 2

Over 20 to 30 135/V 0 60

Over 30 to 60, dc only 200/V a2 2

Over 30 to 60, dc only 135/Va® 60

@The load is to be adjusted continuously to maintain the test current value shown.

° Vmay is the maximum output voltage regardless of load with rated input.

b After 15 minutes of operation, the load is to be readjusted to return the output current value shown.
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32 Full-Load Output Current Test
32.1 A unit shall deliver its rated full-load secondary current continuously.

Exception: The test of 32.2 is not required for a battery charger that is marked for a specific battery load
per the Exception to 50.1 and is not marked with the output ratings.

32.2 To determine compliance with the requirement in 32.1, one sample is to be tested as follows. With a
variable load as specified in Table 25.3 and an ammeter connected to the output, the primary is to be
connected to the supply circuit. The load is to be adjusted to draw rated output current. After 15 minutes of
operation, the resistance is to be readjusted, if necessary, to return the current to that value. The test is
then to be conti it justme rent shall not
pctive device

shall not function during this test.

32.3 If a unif has its output rated in volt-amperes or watts, the rated output current’is to be determined by
dividing the rated output voltage into the rated output volt-amperes or watts.

33 Normal femperature Test

33.1 The temperature rises on various materials and parts shall-not exceed the limits spedified in Table
33.1 when thie unit is operated as specified in 33.2 — 33.5. Upon’completion of this test, the unit shall
comply with the Dielectric Voltage Withstand Test, Section 34.

Table 33:1
Maximum acceptable temperature rises
Materials and components °C (°F)
A COMPONENTS
1. Rubber- or thermoplastic-insulated conductors?® 35 (63)
2. Silicon components® 75 (135)
B. ELECTRICAL INSULATION — GENERAL

1. Class 105 jinsulation systems:
Resistance' method 75 (135)
Thermocouple method 65 (117)

2. Class 120 insulation systems:
Resistance method 85 (153)
Thermocouple method 75 (T35)

3. Class 130 insulation systems:
Resistance method 95 (171)
Thermocouple method 85 (153)

4. Class 155 insulation systems:
Resistance method 115 (207)
Thermocouple method 110 (198)

5. Class 180 insulation systems:
Resistance method 135 (243)
Thermocouple method 125 (225)

Table 33.1 Continued on Next Page
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Table 33.1 Continued

Materials and components °C (°F)
6. Class 200 insulation systems:
Resistance method 150 (270)
Thermocouple method 140 (252)
7. Class 220 insulation systems:
Resistance method 165 (297)
Thermocouple method 155 (279)
8. Fiber employed as electrical insulation 65 (117)
9. Phenolic composition? 125 (225
10.  Varnish-cloth insulation 60 (108
C. | SURFACES
1. Surface temperature, metal®® 30 (54)
2. Surface temperature, nonmetallic®® 50 (90)
3. Wood or similar material 65 (117
@ The limitation on phenolic composition, rubber and thermoplastic insulation deesnot apply to compoungls
that have been investigated and found to be acceptable for use at a higher temperature. The maximum
accqptable temperature rise in any case is 25°C (77°F) less than the acceptable temperature limit in quegtion.
® Dops not apply to a material that has been investigated and found d@cceptable for a higher temperature.
¢ A material having a coefficient of thermal conductivity greater than,2.419 Btu per hour per square foot per
foot per degree Fahrenheit (0.01 c/s/cm? /cm/°C) is considereé to)oe metal. See 33.7.
445{C (81°F) rise for semipermanent mounted and permanéntly connected units marked as required by 2.5
and [ 1.2 respectively.
€ 651C (117°F) rise for semipermanent mounted andspérmanently connected units marked as required by 52.5
and [ 1.2 respectively.
33.2 For a direct plug-in unit, this test is‘te-be conducted in both the horizontal and vertical

a cord-conngcted unit, this test is to-be“conducted in all likely mounting positions. A sa

operated wit
loaded as s
batteries is tq

33.3 Ifthe
adjusted aftg
consists of a

h the primary energized-from a circuit as specified in 25.3 and 25.4. Each o
pecified in 25.8. A_battery charger which is likely to be used for consecutiv
be tested as specified in 33.5 and 33.6.

oad mentioned in 33.2 and specified in 25.8 includes a variable resistance, the

battery, the battery shall be discharged as specified in 25.10, 25.11, or 25.12, as

334 Ifab

positions. For
mple is to be
Litput is to be
b charging of

load is to be

r 15 miputes of operation, if necessary, to return the output to the original valde. If the load

applicable.

ttery charger which is not likelv to be used for consecutive charging of batteries

is tested with

a battery load, the test is to be continued until temperatures peak. The load is to be replaced by a second
discharged battery. The test is terminated when temperatures peak during the second load condition.

33.5 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 33.6.

33.6  With respect to 33.5, a 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.
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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.

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
sequence 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

pu |

obtain

33.7 With rq
comparison

values of the
heated metal

reference samples opposite the heated metal plate are to be plotted as a\function of the g

constant of th
correspondin

33.8 All valmes in Table 33.1 are based on an assumed ambient\temperature of 25°C (77°

may be cond

33.9 Atemg
percent of th
increase.

33.10 Exce
resistance m
thermocouple
to be measur

33.11 Themn
AWG (0.05 m
common pra
potentiomete
measuremen
accurate and

.

vith materials that have known thermal conductivities. Samples of-material
plate. All samples are to be of the size used in the unit. The temperatures of th

e material for which the value is unknown is derived from the.curve by reading
) to the temperature attained by the sample under investigation.

cted at any ambient temperature within the range specified in 25.7.

b previously elapsed duration of the test,“but not less than 15 minutes, indicg

bt when it is specifically statedxthat the temperature determinations are to be
bthod, temperatures are to be-measured by means of thermocouples. The ju
is to be secured in intimate-Contact with the point of the surface at which the tsg
ed.

m?). When thermbcouples are used in determining temperatures in electrical eq
ctice to employ thermocouples consisting of 30 AWG iron and constantan
-type ipstrument; and such equipment is to be used whenever referee
s by.thermocouples are necessary. The thermocouples and related instrume
calibrated in accordance with accepted laboratory practice. The thermocouy
herequirements listed in the Tolerances on Initial Values of EMF versus Temp

comply with t

ference to footnote c to Table 33.1, the thermal conductivity of a materialean b¢ obtained by

with known

constant and a sample of the material for which the value is unknown are to |pe fixed to a

faces of the
onstant. The
off the value

F), but a test

erature is considered to be constant when three successive readings taken at iptervals of 10

te no further

made by the
nction of the
mperature is

hocouples are to Gohsist of wires not larger than 24 AWG (0.21 mm?) and not smaller than 30

uipment, it is
wire and a
temperature
nts are to be
le wire is to
rature tables

in the Standard Specification and Temperature-Electromotive Force (emf) Tables for Standardized
Thermocouples, ASTM E230/E230M.

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

devices such

as a coil:

a) Immersed in sealing compound;

b) Wrapped with thermal insulation; or

c) Wrapped with a material, such as cotton, paper, or rayon more than 1/32 inch (0.8 mm) thick.
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33.13 The temperature rise of a copper 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

in which:

according to the formula:

R
r

At is the temperature rise;

R is thereststanceof thecoitat theendof thetestimohms(see 33+,

risth

kis 2

t,isth

tyis th

The winding

33.14 BecH

at shutdown

as quickly as
plotted and ¢
while the coil

33.15 For

formulas can

where:
T=tH

Thra
25°C,

b resistance of the coil at the beginning of the test in ohms;
B4.5 for copper;
e room temperature in degrees C at the beginning of the tests; and

e room temperature in degrees C at the end of the test.
s to be at room temperature at the start of the test.

use it is generally necessary to de-energize the.winding before measuring R,
may be determined by taking several resistance measurements at short interv.

xtrapolated to give the value of R at shutdown. Instrumentation by which R can
is energized may be used.

manufacturers who choose to“declare an operating ambient above 25° C,
be used to determine compliance when testing in a normal room temperature e

|f TMAX iS Specified: (T - TAMB) < (TMAX - TMRA)

|f AT iS Specified: (T - TAMB) < (ATMAX + 25 - TMRA)

e temperature of the given part measured under prescribed test conditions; and

= the maxvimum room ambient temneratiir ermitted by the manufact
e H—-aHBHeR—teHIPE4 HHtea—-oy/tHe-+HaRHHa6t

possible after the instant of shutdown. Acurve of the resistance values agains

e value of R
Is, beginning
t time may be
be measured

the following
hvironment:

becification or

D Lrar o o
o oo,

LI e
whichever is greater.

34 Dielectric Voltage Withstand Test

34.1

34.1.1

General

application of a potential. The test potential shall be:

a) On

e thousand volts ac plus twice the maximum rated voltage between:
1) The primary circuit and accessible dead metal parts; and

2) The primary and secondary circuit or circuits.

T

One minute after the applicable test, the unit shall withstand for 1 minute without breakdown the
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b) One thousand volts ac plus two times the sum of secondary voltages between secondary
windings for units described in 28.3 or 30.2.3.

c) Five hundred volts ac between a secondary circuit and dead metal parts.

d) A dc potential of 1.414 times (2 V + 1000), where V is the rms supply voltage, between the
terminals of a capacitor used for radio-interference elimination or arc suppression.

Exception: If an ac potential results in excessive leakage through capacitors during the test specified in
(a), (b), and (c), the capacitors are to be removed from the circuit for the ac potential. With the capacitors
connected in the circuit, the unit shall withstand a dc potential of 1.414 times the ac rms potential between
the points specified.

3412 Tod
transformer o
continuous di
zero until the
applied poten
correctly indig

Exception: A
provided with

34.1.3 With
test potential

34.2

34.2.1 One
subjected to
Section 33, t
rated voltage

a) Apq
b) 60 §

A higher test

34.2.2 The
in not more t

btermine if a unit complies with the requirements in 34.1.1, it is to be tested b
f 500-volt-ampere capacity or larger, having an output voltage that is essentially
rect current, as applicable, and can be varied. The applied potential is\to’be in

required test level is reached, and is to be held at that level for A _minute. Th
tial is to be at a substantially uniform rate and as rapid as is consistent with its
ated by a voltmeter.

500 volt-ampere or larger capacity transformer need 'not be used if the tn
a voltmeter to measure directly the applied output poteptial.

respect to the electrical stress level mentioned inx12.2, each capacitor shall be s

as specified in 34.1.1(d).

Induced potential

sample of a transformer as described in Exception No. 1 to 13.2.8 and 13

means of a
sinusoidal or
creased from
P increase in

value being

ansformer is

ubjected to a

2.9 is to be

his test. While in a heated condition from operation as described in Normal ]

ne primary winding shall withstand without breakdown an alternating potentia

of the winding. The poteftial is to be:
lied for 7200 cycles.if 'the frequency is 120 hertz or more; or

econds if the frequency is less than 120 hertz.
requengy,.may be necessary so the core is not saturated.

est.\voltage is to be started at one-quarter or less of the full value and increase

femperature,
of twice the

i to full value

an A

iced within 5

34.2.3 With reference to 34.2.1, a transformer may be conditioned in an oven to obtain the temperature
reached in the Normal Temperature Test, Section 33, before conducting the induced potential test.

35 Endurance Test on Overcurrent- and Overtemperature-Protective Devices

35.1  One sample of a unit employing a manually reset overcurrent- or overtemperature-protective device
shall be operated under the condition of maximum obtainable output current, including short circuit, and
the protector shall be cycled for 50 operations as quickly as the protector can be reset. During this test the
grounding means, if provided, is to be connected to ground through a 3-ampere nontime delay fuse. A risk
of fire or electric shock as described in 39.1.2 shall not result and the temperature rise at any point on the
enclosure shall not exceed 65°C (117°F). The protector device shall be operational upon completion of the
test.
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35.2 One sample of a unit employing an automatically reset protective device or a protector that stays
open as long as the overload is connected is to be connected and operated under the conditions
described in 35.1 for 15 days but not less than 2000 cycles. A risk of fire or electric shock — see 39.1.2 —
shall not result and the temperature rise at any point on the enclosure shall not exceed 65°C (117°F).
Temperatures are to be measured at the end of the test. The protective device shall be operational upon
completion of the test.

35.3 The test described in 35.2 shall be conducted for 24 hours for units incorporating thermostats, the
acceptability of which has been determined by the requirements in the Standard for Temperature-
Indicating and -Regulating Equipment, UL 873. Compliance with the Standard for Automatic Electrical
Controls for Household and Similar Use, Part 1: General Requirements, UL 60730-1, and/or the applicable

Part 2 standard from the UL 60730 series fulfills these requirements.

35.4 Follow
Test as desc

36 Overlogd and Endurance Tests on Switches and Controls

36.1 A swif
with 10.6 sh3
making and
at rated load
of the conta
connection.

36.2 Forth
its input and
supply voltag
endurance tg

parts of the §init are to be connected to ground through a 3-ampere nontime-delay fuse. Th

be operated

ing the Endurance Test, the unit is to be subjected to a repeat Dielectric-Volta
ibed in Section 34.

ch or other control that has not been shown to be acceptable for the purpose i
Il perform acceptably when subjected to an overload testconsisting of 50 cycle
preaking the applicable load, and to an endurance test.eonsisting of 6000 cycle
There shall be no electrical or mechanical breakdewn’ of the device, undue bur
cts as a result of the overload or endurance test,“or opening of the fuse in t

e test specified in 36.1, the output of the unit is to be connected to its intended |
putput ratings and to a supply having a‘frequency specified in 25.4. For the ove
e is to be increased to 110 percent.of the maximum test voltage specified in
st, the test voltage specified in 25.1 is to be used. During these tests, exposeg

at a rate of not more than.10._cycles per minute, except that a faster rate of ope

ge Withstand

n accordance
5 of operation
5 of operation
ning or pitting
he grounding

bad based on
rload test, the
25.1. For the
d dead metal
e device is to
ration may be

employed if agreeable to those concerned.

37 Overlodd Test on Secondary Switches

37.1 |If test be tested as

described in

5 are requiredhin accordance with 10.7, a switch or other control device shall
37.2. The‘performance is unacceptable if:

a) The fuseiin the grounding connection opens during the test;

Bnis iera-b Leadlavaia—are
NUUVVIT, Ul

$ —a hanit "
LU Auilo vr 1mricoriarimorit vicd

b) Therets-weldingof

c¢) The device is otherwise incapable of completing the tests.

37.2 To determine if a secondary circuit switch or other control device is capable of performing
acceptably in the overload test mentioned in 10.7, the unit is to be connected to a circuit supplying the
maximum test voltage as specified in 25.1 and the rated frequency in accordance with 25.4. The switch is
to be caused to make and break 150 percent of the rated secondary load current or maximum obtainable,
whichever is less. During the test, exposed dead-metal parts of the unit are to be connected to the polarity
opposite to the switching device through a 3-ampere fuse. The device is to be operated for 50 cycles at a
rate of not more than 10 cycles per minute, except that a faster rate of operation may be employed if
agreeable to those concerned.
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38 Operation Test

38.1 A switch or other controller required to be tested in accordance with 10.8 is to be subjected to 1000
operations through all positions. The operations are to be with no electrical load. There shall be no
mechanical breakdown of the switching mechanism or loosening of parts.

38.2 After the 1000 operations, the switch shall be capable of making and breaking the circuit for 50
cycles of operation as indicated in the Overload and Endurance Tests on Switches and Controls, Section

36. For a voltage selector switch, the test voltage is to be based on the highest rated voltage.

39 Abnorm

al Tests

39.1 GenerLI

39.1.1 A un
subjected to

and when reg
by a dielectrig

39.1.2 Aris

it shall not emit flame or molten metal or become a risk of fire or eléctric
he following tests: output loading, reverse polarity, switch position, ‘componen
uired, the printed wiring board abnormal operation test. Each abnermal test sha
voltage withstand test as required by 34.1.1(a).

of fire or electric shock is considered to exist if any of the(following occur:

a) Opening of the grounding fuse;

b) Che
c)Em

d) An
Acces

e) Indi

f) For
from 4

rring of cheesecloth;
ssion of flame or molten material from the:nit enclosure and output cord, if prov

y condition that exposes live parts¢which pose a risk of electric shock as
Sibility of Live Parts, Section 16;

cation of dielectric breakdown}

A direct plug-in unit, loss\of structural integrity to a degree where the unit canno
receptacle immediately-after the test without deformation or a risk of electric shq

g) Opening of the branch-circuit overcurrent protective device.

39.1.3 Each
than one test

39.1.4 Durin

test is tobe' conducted on a separate sample unless the manufacturer reque
be conducted on the same sample.

g.€ach test, the grounding means, if provided, is to be connected to ground

shock when
breakdown,
| be followed

ided;

specified in

be removed
bck; or

5ts that more

through a 3-

ampere nontime-delay fuse.

39.1.5 A polarity-protection circuit provided to reduce the likelihood of output-current flow until a battery
is connected as intended to the output is to be made inoperative so that the required output current will
flow.

39.1.6 During all abnormal tests, the unit is to be draped with a double layer of cheesecloth conforming
to the outline of the unit.

Exception: The cheesecloth is not required to be used during the short-circuit condition of the output
loading test.

39.1.7 The temperature rises specified are based on an assumed ambient temperature of 25°C (77°F),
but a test may be conducted at any ambient temperature of 21 — 30°C (70 — 86°F). However, if the
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operation of an automatic thermal control during the test limits the temperatures under observation, no
temperature higher than 25°C (77°F) plus the specified maximum rise is acceptable.

39.2 Output loading

39.2.1 During the tests of 39.2.2 and 39.2.3, a fuse or circuit breaker provided as part of the unit is to
remain in the circuit, and a user replaceable fuse is to be replaced by the largest fuse the fuseholder will
accept. A manually reset protector is to be operated for 10 cycles and the protector contacts shall be
operative upon completion of the test. If an automatic reset protector is provided, or the input current is a
value other than zero, the test is to be continued for:

a) 7 hours; or

b) 15

For units wit
conditions in

39.2.2 Eac
in unit shall n

Exception: A
after initiatiof

39.2.3 Eac
output loade
maximum cy
values of X g
operation, fu
to the requirg

Exception: T]

days in accordance with 13.2.4.

h more than one output, the remaining outputs are to be open circlited or lo
accordance with Table 25.2, whichever results in a more severe operating condi

N output is to be short-circuited in turn. The temperature rise.on the enclosure of]
ot exceed 65°C (117°F).

temperature rise of 125°C (225°F) is acceptable if.the unit permanently opens
h of the test.

N output is to be overloaded in turn. Eachgeverload condition is to be condy
 to a current (I.) equal to the rated current'(Ig) plus X percent of the differencs
rrent (l,ax) in @accordance with Table 391 and the rated output current (Ig). In
re to be 100, 75, 50, 25, 20, 15, 10,;and 5, in that order. If a load current results
rther tests need not be conducted. For each test, a variable resistance load is
d value and readjusted, if necessary, one minute after application of the source

he alternate test method 0 39.3 may be used for units that employ a:

aded to rated
tion.

a direct plug-

within 1 hour

cted with the

between the
the tests, the
in continuous
O be adjusted

bf supply.

d Application

fal Fuses, UL

a) Thermal link complyingswith the Standard for Thermal-Links — Requirements ar
Guide, UL 60691; or
b) Fuse complyifig:with the Standard for Low-Voltage Fuses — Part 14: Supplemen
248-14.
Table 39.1
Maximum current for output foading

Unit type

Imax

Inherently limited As determined per 30.1.1

200/V gy @

Not inherently limited

@ Vmax per &

39.3 Output loading — alternate method

39.3.1

With reference to the Exception to 39.2.3, if the output short circuit test of 39.2.2 results in

opening of a thermal link or fuse, the alternate method of 39.3.2 or 39.3.3 may be performed in lieu of

39.2.3.
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39.3.2 If short circuiting causes opening of a thermal link, the device is to be shunted and a
thermocouple attached to its body. The load current is to be raised slowly until a temperature equal to the
rated trip temperature of the device plus 5°C (9°F) is reached. Without further readjustment of the load, the
unit is to be operated for the remainder of the specified time length (7 hours or 15 days, as applicable).

39.3.3 If short circuiting causes opening of a fuse, the unit is to be tested with a load current that causes
the maximum current to flow in the fused circuit without opening the fuse. The maximum current to be
delivered through the fuse is to be determined by the following formula:

lrc =1.1 (Igr) [1 + n(0.02)]

in which:

Ic is the fuse overload current;

Irr is the fuse current rating; and

n is aip integer that causes the unit to run such that I-¢ is able to be maintained at its continuous

maximpum current (7 hours or 15 days, as applicable).

ere Igc (n=c)
g of the fuse
mple is to be

When condug
results in con
prior to the spg
at room temp

ting this test, at least two load conditions are to be used;‘ene load condition wh
tinuous operation, and one load condition where Ir&(h=c+1) results in openin
ecified time length (7 hours or 15 days, as applicable). Prior to each test, the sg
brature.

39.4 Transformer burnout
3941 Aun

risk of fire or
test, followed

t having components in the output:circuit shall not emit flame or molten metal jor result in a
electric shock as described in 39:1.2 while first operating as described in the| temperature
by operation under the loading.conditions described in 39.4.3 for linear designs, 39.4.4 for

switch mode
34.1.1(a) wit
grounding m
continuously:

a) Unt

b) For

designs. Each test is to.beffollowed by a dielectric voltage withstand test
n the potential appliedcbetween primary and secondary windings. During
cans, if provided, is to be connected directly to ground. The unit is to

| ultimate conditions are observed, including opening of a thermal cutoff or a sim

7 hours iftemperatures stabilize or cycling of an automatically reset protector oq

described in
this test the
be operated

ilar device;

Curs; or

c) For|50 cyeles of resetting a manually reset protector.

39.4.2 If a transformer has more than one secondary winding or a tapped secondary winding, separate
tests are to be conducted for each winding, or each section of a tapped winding, with the other windings
loaded or unloaded as may occur in service unless it can be determined that one condition will produce the
most unfavorable results.

39.4.3 For linear designs, a resistive load that will draw three times the normal input alternating current
or maximum obtainable output current, whichever is less, is to be connected directly to the transformer
secondary winding with the unit connected to the maximum test voltage.

39.4.4 For switch mode designs, a resistive load is to be connected at a point in the secondary circuit
where energy limiting circuitry (see 5.8) is not affected. The load is to be adjusted to result in three times
the normal input current to the transformer or maximum obtainable output current, whichever is less.
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39.5 Reverse polarity

39.5.1 For a device intended for charging batteries and provided with nonpolarized output connections,
the external output leads are to be connected in reverse polarity to a fully charged battery intended for the
application. The unit is then to be connected to its maximum test voltage, and operated until the ultimate
condition is observed, or 4 hours if cycling of an automatically reset protector occurs.

39.6 Switch position

39.6.1 In accordance with 14.1.4, 14.2.3, and 14.2.4, a unit employing a primary-voltage selector switch
shall be connected to the maximum test voltage and to its rated normal load. The switch is then to be

adjusted to thelowest \lnlfagn pnelhr\n npnrghr\n ofthe unit is to continue:

a) Until ultimate conditions are observed;
b) For 7 hours, if cycling of an automatically reset protector occurs; or

c) For 10 cycles of resetting a manually reset protector.
39.7 Component breakdown

39.7.1 Whgn tested in accordance with 39.7.2, a unit having eomponents — such as diodes, resistors,
transistors, capacitors, and the like — with a single component fadlt of short or open, shall notjresult in:

a) The output capacity exceeding Class 2 characteristics; and

b) Any condition as specified in 39.1.2.

Exception N¢. 1: This test need not be conducted for component breakdowns that result inopen or short
circuiting of the output, in short circuiting of.ithe transformer, or for a component in a Class|2 circuit. See
the transformer burnout test specified in 39:4.

Exception N¢. 2: This test need not be’ conducted if the components have been investigated and found to
have permarjence and stability sovas to not decrease their limiting capabilities. See 12.1. Fdr the purpose
of this test, capacitors connected across the output are not considered likely to open.

39.7.2 A unit as identified in 39.7.1 is to be connected to the maximum test voltage and pperated until
ultimate conditions are 0bserved, or for 4 hours if cycling of an automatically reset protector gccurs.

39.8 Print(1d-wiring board abnormal operation test

39.8.1 To comply with Exception No. 1 to 24.1, a printed-wiring board is to be tested as described in
39.8.2-39.8.5.

39.8.2 During this test, if a printed-wiring board trace opens, the gap is to be electrically shorted and the
test continued until ultimate results occur. This applies to each occurrence. If the circuit is interrupted by
the opening of a component other than described in 39.8.3, the test is to be repeated two more times using
new components as necessary.

39.8.3 Operation of an overcurrent protective device other than the branch circuit overcurrent protective
device is acceptable.
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39.8.4 A sample of the unit employing the printed-wiring board is to be connected to its nominal rated
supply circuit as specified in Section 25, General. A foil trace is to be short-circuited to each of its adjacent
traces that do not have the spacing specified in Table 24.1 or Table 24.2 one at a time.

39.8.5 The test is to be continued for 1 hour or until one of the conditions described in 39.1.2 occurs.
However, if at the end of 1 hour no condition described in 39.1.2 occurs, but indications are that such a
condition may eventually occur, the test is to be continued until ultimate results are obtained (usually 7

hours).

39.9 Backfeed protection

39.9.1 The

rdance with

15.4.3 (b) or
current shall
material from

39.9.2 Inag
or (b). A resis
the output co
connector. TH
are obtained.

a) A fu

b)Ad
and a

39.9.3 A bg
subjected to
backfeed of g
be connected
results are o

ayl |'I'p| 1t connector of a hgﬂ'nry r\hgrgnr prr\\lidnrl with bhackfeed prr\fnr\fir\n n-acc

(c) shall be subjected to the test described in 39.9.2. As a result of the test)

he backfeed

hot exceed 8.0 amperes at five seconds, and there shall be no emission(of flame or molten

the enclosure or output cord.

cordance with 39.9.1, the output connector is to be connected toja source as sy
tive load up to and including short circuit is to be connected as close as pract
nnector such that the maximum obtainable backfeed current)is passed throug
e current is to be measured at five seconds. The test is to-be continued until ult
The source shall be either:

lly charged battery of the size, type, and number.spécified by the manufacturer;

C source with a no load voltage rating equal to the output voltage rating of the ba
nominal short-circuit capacity of 200 amperes.

ttery charger provided with backfeed protection in accordance with 15.4.3
simulated component faults, one™at a time, of open or short circuit which n
urrent into the secondary circuit:(refer to 39.9.4). During the test the output co
to a source as specified.in"39.9.2 (a) or (b), and the test is to be continued

withstand te
molten mater

3994 Ina
capacitors,
overcurrent
comply with r

40 Testso

401
subjected to t

btained. One minute after‘the test the unit shall be subjected to the dielg
of 34.1.1 (a), (b) and (C). As a result of the test, there shall be no emissio
al from the enclosute or output cord, and no indication of dielectric breakdown.

cordance with 39.9.3, faults shall be simulated for components such as diodeg
nd the likesunless the components have permanence and reliability (see
rotector,such as a fuse or PTC, operates to limit the backfeed current, the p
quirements applicable to the component.

ecified in (a)
cable across
h the output
imate results

or

ttery charger

}(d) shall be
nay result in
nnector shall
until ultimate
ctric voltage
n of flame or

, transistors,
12.1). If an
fotector shall

he test described in 40.2.

If required by 13.2.1(b), 13.2.2(c), 13.2.5(c), 13.2.6(c), 13.2.10(b), insulating material shall be

Exception: The insulating material need not be subjected to this test if it is generic material noted in 40.3
and Table 40.1.

40.2 The insulating material 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 to exert sufficient pressure on the
specimen to provide good electrical contact. The test potential is to be increased to the test value and the
maximum test potential is to be maintained for 1 second. The result is acceptable if there is no dielectric
breakdown.
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40.3 With reference to the Exception to 40.1, insulation may be of a generic material type specified in
Table 40.1 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,(EF,)* A,(EF,) £ A;(EF;)...
in which:
A4, A, and A; denote the total thickness of each generic material type;

EF;, EF,, and EF; denote the equivalency factor specified in Table 40.1 for the generic material
type corresponding to A4, A,, Az and

T is the thickness requirement for electrical grade paper.

Table 40.1
Equivalency factors for insulation materials ?
Generic material Equiyalency Factor (EF)
Electrical grade paper, fiber, or pressboard 1
Impregnajed rag paper 1.3
Acetate sheet 1.5
Polyvinyl phloride (PVC) 1.3
Silicone ryibber (SIR) 0.5
Impregnajed glass or acetate cloth 1.2
Polyester 2
Polyethyléne terephthalate (PETP) 2
Fluorinatqd ethylene propylene (FEP) 3
Polytetrafluoroethylene (PTFE) 3
Aramid paper 2
Polyamide (PI) 6
Mica® 4.7
2See 40.8.
® EF applies if not subjectto mechanical damage.

41 Strain Relief Test

41.1  With internal connections disconnected, the strain relief means provided for a supply cord, or a
multi-conductor output cord where the interconnection of outputs exceeds Class 2 shall withstand the
force described in 41.3 applied to the cord for 1 minute without displacement or breakage of the cord or
deformation of its anchoring surface.

41.2 The output wiring of a unit other than one having a multi-conductor cord as specified in 41.1 shall
withstand the force described in 41.4 applied for 1 minute. The results are considered acceptable if, with
the output wiring connected internally, movement of the cord does not result in:

a) A reduction of spacings to primary or dead metal parts;
b) Damage to the transformer or enclosure; or

c) Interruption of the output wiring.


https://ulnorm.com/api/?name=UL 1310 2022.pdf

60 UL 1310 JUNE 9, 2022

41.3 A 351bf (156 N) force is to be suspended from the cord and supported by the unit so that the strain
relief means is stressed from the most severe angle that the construction of the unit permits.

41.4 For units employing a flexible output cord, or a multi-conductor cord where the interconnection of
outputs does not exceed Class 2, a 20 pounds-force (89 N) is to be applied to the cord and supported by
the unit so that the strain relief means is stressed from the most severe angle that the construction of the
unit permits. For units employing output wiring consisting of separate leads, a 10 pounds-force (44 N) is to
be applied to each lead.

42 Push-Back Relief Test

42.1 To det
occurrence of

42.2 without

cord or lead
able bushing
5 further than 1 inch is present, it is to be removed prior to the test.When the bushing is an

42.2 The s\

pply cord or lead is to be held 1 inch (25.4 mm) from the point where the
emerges from the product and is then to be pushed back into the product. Whén-a remov,

which extend

integral part
pushed back
cord into the
manipulated t

bf the cord, the test is to be carried out by holding the bushing. The cord or
nto the product in 1-inch (25.4-mm) increments until the cord.buckles or the forg
broduct exceed 6 pounds-force (26.7 N). The supply cord-or lead within the prg
0 determine compliance with 18.2.

ead is to be
e to push the
duct is to be

43 Direct PJug-In Blade Secureness Test
43.1 Each hlade and the grounding pin, if provided, shall withstand a direct pull of 20 pounds-force (89
N) for 2 minutes without loosening. The two blades tested together shall also withstand a dirgect pull of 20

pounds for 2

inutes without loosening.

43.2 To determine whether a unit complies_with the requirement in 43.1, it is to be supported on a

horizontal st

to permit the
the groundin
nonrigid cons
not exceed 3

44 Direct P

441

General

| plate with the blades projeeting downward through a hole having a diameter s
lades to pass through it."A:20-pound (9.1-kg) weight is to be supported by ea
pin, if provided, in suceession and then by the two blades tested together

ufficient only
ch blade and
In a unit of

truction — for example, a unit of soft molded material — the displacement of eithg¢r blade shall

32 inch (2.4 mm)@measured 2 minutes after removal of the weight.

ug-In Security of Input Contacts Test

4411 The

\Iug-in blades and the grmmding pih shall not loosento a dngrnn that introduce

5 a risk of fire

or electric shock as a result of the tests described in 44.1.2 and 44.1.3.

44.1.2 A unitis to be rigidly supported in the blades-up position. Each blade, in turn, is to be individually
subjected to a force of 30 pounds-force (133 N) applied gradually along the longitudinal axis of the blade in
a direction towards the face of the unit. The 30 pounds-force is to be maintained for 1 minute.

441.3 The sample used in 44.1.2 is to be retested by being positioned as described in 44.1.2 and
subjecting both blades and the grounding pin, if provided, in combination, to a single applied force of 40
pounds-force (178 N) for 1 minute.
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44.2 Removable, folding, and retractable blade units

44.2.1 In addition to the requirements of 44.1, units employing removable, folding, or retractable blades
for the input contacts shall be subjected to the testing indicated in 44.2.2 —44.2.5.

44.2.2 The folding or retractable blades of the unit shall withstand 6000 cycles of rotating the blades from
the plug-in position to the fully recessed position. For the purpose of this test, the blade is considered to be
in the plug-in position when the actuator is extended, and the blades are in the "out" position and locked in
place, as in normal use. The fully retracted position is considered to be when the actuator is retracted and

the blades are returned to the "in" position.

4423 The

nent.

44.2.4 Atth

a) Th

removahble blades of the unit shall withstand 6000 r\yr\lne ofremaoval and attach

e conclusion of the cycling test of 44.2.2 and 44.2.3:

b unit shall be operational;

b) Th
Secti

b unit shall not have any exposed live parts which pose a risk of electric shock, 3
n 16, Accessibility of Live Parts;

c) There shall not be a loss of structural integrity to a degree that'the unit is able to be
partiglly or the unit cannot be removed from a receptacle immediately after the

defor|

d) TH

ation or risk of electric shock;

e unit is to comply with the Direct Plug-in *Blade Secureness Test, Section

requifements in 44.1.1 —44.1.3; and

e) Th
the te

4425 Ino
subjected td
temperature

Particular attr;

blades to de

of the cycling.

45 Securit

451 For a
shall not turn

b blade connections internal to the unit-shall not develop a high impedance, as g
St of 44.2.5.

rder to determine compliance_with the requirement specified in 44.2.4(e), the
a temperature test inwaecordance with Section 33, Normal Temperatu
test is to be performed\both before and after the cycling described in 44.2.

s specified in

inserted only
test without

43, and the

etermined by

unit is to be
(e Test. The
P and 44.2.3.

ntion is to be paid to the temperatures between the blades and the point of g
ermine if the electrical or mechanical integrity of the unit has been altered duri

y of Output-Connectors Test

unit, provided with wire-binding terminals as output connectors, a terminal or
or.cause stress on internal connections when subjected to the test of 45.2.

ontact for the
g the course

terminal stud

Exception: This requirement does not apply to a terminal plate for a wire binding screw, a wire binding
screw, or a stud where:

a) Dislocation does not result in a reduction of spacings to parts which pose a risk of electric shock;

and

b) There is no likelihood of deformation to the extent that live parts which pose a risk of electric
shock become accessible as determined by Accessibility of Live Parts, Section 16.

45.2 The appropriate torque specified in Table 45.1 is to be applied for 10 seconds to the terminals in a
direction tending to tighten them. The terminals are then to be loosened fully.


https://ulnorm.com/api/?name=UL 1310 2022.pdf

62 UL 1310 JUNE 9, 2022
Table 45.1
Tightening torque for wire-binding screws
Size of terminal Wire sizes to be tested Tightening torque
screw, number AWG (mm?) pound-inches (N-m)
6 16-22 (1.3-0.32)° 12 (1.4)
8 14 and (2.1)° and 16 (1.8)
16 - 22 (1.3-0.32)
10 10 - 14 or (5.3-2.1)or 20 (2.3)
16— 22 (1.3-0.32)°
@ Strandedrwire-
b Solid wirg.
45.3 Conneftion and disconnection of accessories shall not result in loosening of the' conngctors from a
unit.

454 To determine compliance with 45.3, accessories are to be attached and detached fron;

times and the

connectors examined.

46 Abuse Tests

46.1 Generpl
46.1.1 The enclosure of a unit shall withstand the applicable mechanical abuse tests descri
46.5 without:
a) Making live parts which pose a risk of electric shock accessible to the probe illustrg
16.2; ¢r
b) Producing any other condition'that results in a risk of electric shock.

46.1.2 The
whether a livd

46.2 Impac

46.2.1 Thre
succession fr

probe illustrated inwEigure 16.2 applied as specified in 16.2.3 is to be used
part is accessible.

I on directplug-in units

b samples are to be subjected to this test. Each unit is to be dropped (free fall) 1
bmavheight of 3 feet (914 mm) onto a hardwood surface as described in 46.2.2

the unit 100

bed in 46.2 —

ted in Figure

to determine

hree times in
. Each of the

dropsistore

| 5 4+ H 4 H 4 H 3 . HEP H Y + £ +la H 4 H 3
Uit nmruic mripact thullllly dat a pullit UIT UiTc Uttt UimcTorit Ut urc nripgacl PUITILO

drops. The blades shall not be subjected to a direct impact.

on the other

Exception: If the manufacturer so elects, fewer samples may be used in accordance with Figure 46.1,
wherein each series consists of three drops of the sample. The overall performance is acceptable upon
completion of any one of the procedures represented in the figure.
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Figure 46.1
Procedure for impact test
Series Sample Number
Num-—
ber 1 2 3 1 2 3 1 2 3 12 3
1 A N N A N N A N N A N N
| | | |
2 A N N A N N U A N Uu A N
3 A N N U A N A N U A
Arrows indicate sequence of test procedure
A — Acceptable results fram drop
U — Unacceptable results from drop
N — No test necessary
SA1162
46.2.2 Thelhardwood surface mentioned in\46.2.1 is to consist of a layer of nominal 1-inch (25 mm) thick
tongue-and-groove oak flooring [actual size 3/4 by 2-1/4 inch (19 by 57 mm)] mounted on|two layers of

nominal 3/4-
nonresilient f

46.2.3 Afte
Dielectric Vo
of fire or eled

46.3 Impad

nch (19-mm) thick plywood. The assembly is to rest on a concrete floor or
oor during the test.

r completion of-the drop test specified in 46.2.1, each sample is to be sub
tage Withstand Test, Section 34, and to an examination for evidence of develop
tric shock:

t on cord connected units

AN equivalent

jected to the
ment of a risk

46.3.1 Eac

1 Of three samples IS 10 be subjected 10 a single iImpact of o Toot-pounds (0b.7

N-m) on any

surface that is exposed to a blow during intended use. This impact is to be produced by dropping a steel
sphere, 2 inches (51 mm) in diameter and weighing approximately 1.18 pounds (535 g), from a height of
51 inches (1.30 m). The steel sphere is to strike the surface in a location different from those in the other
two impacts. For surfaces other than the top of an enclosure, the steel sphere is to be suspended by a
cord and allowed to swing as a pendulum dropping through a vertical distance of 51 inches (1.30 m).

Exception: This test may be performed on one sample impacted three times, in different locations.

46.3.2

If necessary to determine whether a unit complies with the requirements in 46.1.1 following the

impact test described in 46.3.1, the dielectric voltage withstand test required by 34.1.1 is to be applied

between live

parts and accessible parts.
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46.4 Rod pressure on direct plug-in units

46.4.1 Any point on the product that is accessible to the rod described in 46.4.2 shall be subjected to a
force of 20 pounds-force (89 N) for 1 minute.

46.4.2 The force specified in 46.4.1 is to be increased from 0 to 20 pounds-force (0 to 89 N) over a
period of 5 seconds applied through the axis of a 1/2 inch (12.7 mm) diameter metal rod, having a flat
contact end with the edge rounded to a radius of 1/32 inch (0.8 mm) to eliminate sharp edges. The force is
then to be maintained at 20 pounds for 1 minute. The axis of the rod is to be perpendicular to the surface
under test. During the test, the unit is to rest on a flat surface in any convenient position, and is to be
energized. Shock current between the enclosure and earth, and between any parts of the enclosure

between whi

h such currents may exist, are to be monitored. The instrumentation used

is to be that

described in 2

46.4.3 Durin
7.07 milliamp
test, the unit i

for evidence ¢f the development of a risk of electric shock.

46.5 Resistance to crushing on direct plug-in units

46.5.1 One
(334 N) appl
parallel, flat,
into which the
a direction no

47 Bonding

47 1
the part to b
conductor no

a) Car

b) A s
conne

47.2 The te

With r¢spect to 23.2.6, a bonding conductor that is smaller than any internal conduc

6.5.

g the rod-pressure test specified in 46.4.1 and 46.4.2, the shock currept sha
eres peak when the voltage involved exceeds 42.4 volts peak. Following the
5 to be subjected to the Dielectric Voltage Withstand Test, Section ‘34, and to an

sample of the unit shall withstand for 1 minute asteady crushing force of 75
ed at right angles to the mounting surfaces. The“enclosure is to be tested
hardwood blocks, each not less than 1/2 inchi(12.7 mm) thick. One block is to

rmal to the mounting surface.

Conductor Test

e bonded is acceptable-ifi-using a separate sample for each test, neither
the connection opens when:

rying a current of 40~amperes for 2 minutes; and

cted in series with a nonrenewable fuse rated 20 amperes.

| not exceed
rod pressure
examination

bounds-force
between two
contain slots

blades of the device are to be fully inserted?;The crushing force is to be applied gradually in

tor supplying
the bonding

ample is subjected to a limited-short-circuit test using a test current of 200 afnperes while

5t circuit described in 47.1(b) is to have a power factor of 0.9 — 1.0 and a closgd-circuit-test
voltage as sq)ecified in 25.1. The open-circuit voltage is to be 100 — 105 percent of the

Closed-circuit

voltage.

MANUFACTURING AND PRODUCTION TESTS

48 Dielectric Voltage Withstand Test

481
application of

a potential at a frequency within the range of 40 to 70 hertz:

Each unit shall withstand without electrical breakdown, as a routine production line test, the

a) Between the primary circuit, including connected components, and accessible dead metal parts
that are likely to become energized,;

b) Between primary wiring and secondary wiring, including terminals; and
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c) For units having the spacings specified in Table 24.2, between the primary circuit and dead-

metal

parts including the core whether accessible or not.

48.2 The applied potential for the test shall be either:

a) 1000 volts for 60 seconds; or

b) 1200 volts for 1 second.

48.3 The unit may be in a heated or unheated condition for the test.

48.4 The testis to be conducted when the unit is complete and fully assembled. It is not intended that the

unit be unwir|

Exception N¢. 1: Parts such as snap covers or friction-fit knobs that interfere with pérformar

need not be

Exception N(
the complete

48.5 If a un

each day's p

purpose of
representatiy

48.6 The ts

ed, modified, or disassembled for the test.

n place.

d unit.

the test to reduce the likelihood of solid\ state component damage w
e dielectric stress of the circuit.

indicating th¢ test potential, an audible or visual‘indicator of electrical breakdown, and eith

reset device

to restore the equipment after electrical breakdown or an automatic reject f

unacceptablé unit.

48.7 If the

butput of the test-equipment transformer is less than 500 volt-amperes, the eq

include a volimeter in the output circuit to directly indicate the test potential.

48.8 If the
be indicated:

a) By
b) By

putput of the test equipment transformer is 500 volt-amperes or larger, the test

a voltmeter in the primary circuit or in a tertiary-winding circuit;

a selector switch marked to indicate the test potential; or

. 2: The test may be performed before final assembly of the unit if the test repre

st equipment shall include a transformér having an essentially sinusoidal outpu

ice of the test

bsents that for

it employs a solid-state component that may be damaged by the dielectric potgntial, the test
may be condlucted before the component is electrically conneeted provided that a randon
roduction is tested at the potential specified in 48.2. The circuitry may be rearr

h sampling of
anged for the
hile retaining

t, a means of
br a manually
pature of any

uipment shall

potential may

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 the manually

reset

switch has been reset following a dielectric breakdown.

48.9 Test equipment, other than that described in 48.6 — 48.8, may be used if found to accomplish the

intended fact

ory control.

48.10 During the test, the primary switch is to be in the "on" position, both sides of the primary circuit of
the unit are to be connected together and to one terminal of the test equipment, and the second test

equipment te

rminal is to be connected to accessible dead metal.

Exception No. 1: A unit having resistive circuitry, 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:


https://ulnorm.com/api/?name=UL 1310 2022.pdf

66

UL 1310

JUNE 9, 2022

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 No. 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" position.

49 Groundi

491
tested, as a

ng Continuity Test

Each unit that has a grounding pin connected to a dead metal part as described in 23.1.1 shall be

routine production-line test, to determine that electrical continuity exists

etween the

grounding pir
Exception: P4

49.2 Only a
design to all g

49.3 Any ag
be used to de

RATINGS
50 General

50.1
or input freq
amperes, Vol
current.

Exception: W
evaluated as
output ratings

50.2 Ifaun
90 percent of

50.3 The oy

and accessible dead metal parts of the units that are likely to become energized.

rts described in the Exception to 23.1.1 are not required to be tested.

single test need be conducted if the accessible metal selected is.conductively
ther accessible metal.

ceptable indicating device — an ohmmeter, battery-and-buzzer combination, or t
termine whether a unit complies with the grounding continuity requirement in 49|

The el¢ctrical ratings of a unit shall include;@rimary or input voltage or input voltage re

Llency expressed in hertz, Hz, cycles-per-second, cps, cycles/second, or @
-amperes, or watts for each output; and output voltage for each output in alterna

hen a battery charger-is configured for use as part of a specific system and
part of the systems.or when the charger is marked for use with a specific batt
are not required'to)be marked on the charger.

t is marked with an input amperes, volt-amperes, or watts rating, the rating shd
the value\which occurs under rated load conditions when temperatures stabilize

tput rating of each output shall not exceed 30 volts rms or 60 volts dc.

tonnected by

he like — may
1.

nge; primary
s; output in
ting or direct

he battery is
bry pack, the

[l be at least

50.4 The sum of the volt-ampere ratings of all outputs shall not be more than 100 volt-amperes.

Exception: The sum of the volt-ampere ratings of all outputs may be more than 100 VA provided each
output rating is not more than 100 VA and each output rating is individually marked.

50.5

the other ratings.

MARKINGS
51 General

51.1

A unit shall be legibly and permanently marked, where readily visible, with:

If a volt-ampere or wattage rating is accompanied by an ampere rating, it shall be congruous with
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a) The manufacturer's name, trade name, or trademark;

b) The date or other dating period of manufacture not exceeding any three consecutive months;

c)Ad

istinctive catalog or model number, or the equivalent; and

d) The electrical rating.

Exception: The date of manufacture may be abbreviated, in an accepted conventional code, or in a code
affirmed by the manufacturer.

51.2

51.3 The rg

require refer¢nce to the manufacturer's records to determine when the unit was manufacture

51.4 Aunit
a) "Cl
b) "Cl
c)"Cl

d)"Cl

See 52.11. A
type if invest

Exception: O
51.5 Aunit

51.6 The p

polarized termination.

51.7 A pow
14.2.1 and

petition time cycle of a date code shall not be less than 20 years. Theydate ¢

shall be marked with one of the following terms, as applicable:
pss 2 Battery Charger";

pss 2 Transformer";

ass 2 Power Supply"; or

ass 2 Power Unit."

power unit may additionally be marked for use with a specific end product o
gated for the intended application. See’'1.4.

ther designations conveying the'intent of the terms specified may be used.
shall not be marked "charger," or the equivalent, unless it employs a rectifying ¢

blarity of a direct-current output shall be plainly marked, unless the unit is pr|

er unit pot{furnished with a detachable power supply cord as described in the

instruction m

pnual (see 54.3) for proper selection of the power supply cord.

If a manufacturer produces or assembles a unit at more than one factory, each unit shall have a

distinctive maTking to f[dentify tas the product of @ particutar factory, |

ode shall not
.

r end product

bmponent.

bvided with a

Exceptions to

4.2.3 shall be marked adjacent to the appliance coupler to inform the usg¢r to see the

Exception: The marking may be in the form of a tag, nonpermanent label, or product insert that is provided
on or packaged with the unit so that the marking is visible at the time of installation.

51.8

with any of the following or equivalent:

a) "See instruction manual for use in countries other than the U.S.A."

b) “See instructions for input voltage conversion.” or

c) “See instructions if the input plug does not fit the power outlet.”

In accordance with 14.1.4 and 14.2.4, a power unit intended for use by travelers shall be marked

51.9 A battery charger with backfeed protection in accordance with 15.4.3 shall be marked "Backfeed
Protection", "BFP", or the equivalent.
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52 Cautionary and Warning Markings

52.1

1/8 inch (3.2 mm) high. The remaining letters shall not be less than 1/16 inch (1.6 mm) high.

52.2

The marking shall be located on:

a) A part that cannot be removed without impairing the operation of the unit; or

b) A tag complying with the requirements in 52.3, 53.2, and 53.3.

52.3

The marking shall be prefixed by the signal word "CAUTION" or "WARNING" in letters not less than

The marking may be provided on a permanent tag that is secured to the input or output cord of a

unit. The tag
marked "Do n

52.4 A dired

shall be attached in such a way that it cannot be easily removed. The tag
ot remove this tag," or the equivalent, in letters not less than 3/32 inch (2.4-mm)

unit, a markifg tag, or an instruction sheet packed with the unit — with the signal word of

following moJ

a) "Ri
unit.

nting instructions or the equivalent:

bk of Electric Shock — Disconnect power to the receptaclé:before installing or
Vhen removing receptacle cover screw, cover may fall aeross plug pins or req

becone displaced";

b) "Us

c) "Se
52.5 Adireg
limits specifie

after installati
of Burns — Dag

52.6 A unit
the equivalen

52.7 A dire

e only with duplex receptacle having center screw®; and

cure unit in place by receptacle cover screw.”

t plug-in unit intended to be semipermanently mounted that exceeds the surface
d in Table 33.1 for either metallic or\nonmetallic shall be legibly marked where 1
pn with the signal word of 52.1.and the following or the equivalent: "HOT SURF]
not touch."

Ehall be marked with the'signal word of 52.1 and "Risk of Electric Shock" and th
- "Dry location use ohly" or "Do not expose to liquid, vapor, or rain."

t plug-in unit that resembles an attachment plug of a power supply cord sh

marked with the signal werd-of 52.1 and the following or the equivalent: "Risk of Fire or Elect

not replace th

52.8 A unit

is plug assembly."

which eémploys fusing in both supply conductors shall be marked, where readily

servicing, wit

shall also be
high.

t plug-in unit having a mounting tab for semipermanent mounting shall be marked — on the

52.1 and the

removing the
eptacle may

temperature
eadily visible
ACES — Risk

e following or

bl be plainly
ic Shock. Do

visible during

D the signal word of 52.1 and the following or equivalent: "Risk of Electric Shoc|

. Both sides

of line are fused. Test before touching."

Exception: A unit not likely to be serviced need not employ this marking.

52.9 A unitintended to charge batteries shall be marked, where readily visible to the user, with the signal
word of 52.1 followed by "Risk of Injury" or "Risk of Fire" and one of the following or equivalent:

a) “Refer to the instruction manual for the size, type, and number of batteries to be charged.”

b)"Ch

arge only [type] type rechargeable batteries."

The [type] shall be filled in with an appropriate descriptor to instruct the user of the battery to be charged.
(For example: 12 volt NiCd, AAA size NiCd, C size NiMH, [manufacturer name] Model [battery pack part
number])
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52.10 With reference to 28.3 and 30.2.3, a multi-output unit shall be marked, where readily visible after
installation, with the word "WARNING" and the following or equivalent: "Risk of Fire or Electric Shock. Do

not interconnect output terminations."

52.11

WET" or the equivalent if the open circuit output voltage exceeds:

a) 21.

b) 30

c) 12.

2 volts peak;
volts for continuous direct current; or

4 volts for DC interrupted at a rate of 10 to 200 Hz.

A unit employing output field-wiring terminals shall be marked "CLASS 2 NOT WET, CLASS 3

Exception: If]
peak voltage

5212 Aun
equivalent; "
acceptable
connectors o

q

b

a unit having an output specified by (a) or (b) is marked with the maximumcobita
it need not comply with the requirement.

t, as described in 15.3.4, shall be marked with the signal word of 52.1\and the fqg
Risk of Fire. Use only Type SPT-2 or heavier cord, minimum __ AWG copper."
ize is 18 AWG (0.82 mm?). The marking is to be located\adjacent to the
r on a tag attached to the unit.

53 Application of Labeling

53.1 Unles
marking sha
secured; or
Standard for|
the unit are t

53.2 The t4
such as cloth
in a size that

a) A
positi
have

b) Af]
ends

53.3 The m

5 specifically excepted, markings required by this\Standard shall be permanent.
| be molded, die-stamped, paint-stenciled;_ stamped or etched metal that is
ndelibly stamped on a pressure-sensitivedabel secured by adhesive that com
Marking and Labeling Systems, UL 969. Ordinary usage, handling, storage, 4
b be considered in determining whethera marking is permanent.

g mentioned in 52.3 shall be made of durable material that provides mechar
, plastic, or the equivalent, and shall be large enough to accommodate the req
is legible — also see 53.3~ The tag shall be either:

lat tag having a hole.large enough to accommodate the cord, but neither so
bned that it can gasily be torn from the cord. To prevent removal or tearing, thg
8 slit from the cord hole; or

ag-type tag-with an adhesive back wrapped tightly once around and adhering to
bf the tag.are to adhere to each other and are to project as a flag.

arkings on a tag shall be located on the projecting flag of a flag-type tag and s|

ninable output

llowing or the
The minimum
terminals or

A permanent
permanently
plies with the
nd the like of

ical strength,
Lired marking

large nor so
e tag is not to

the cord. The

hall be letters

on a high contrast background such as black letters on a white background. Color combinations shall not
be black on red, black on green, yellow on green, yellow on blue, or the reverse of any of these
combinations.

INSTRUCTIONS

54 Instruction Manual

54.1 Multiple-voltage cord-connected equipment shall be provided with instructions to:

a) Indicate the type of detachable supply cord and attachment plug that is to be used for connection
to the alternate voltage; and
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b) Inform the operator to set the voltage selector switch to the voltage to which the product will be
connected. See 14.2.3.

54.2 Multiple voltage equipment intended for use with a detachable power supply cord shall be provided
with instructions to indicate the type of detachable power supply cord that is to be used for connection to
the alternate voltage in accordance with 14.2.3.

54.3 In accordance with the Exceptions to 14.2.1 and 14.2.3, the instructions for a power unit intended
for use with a detachable power supply cord which is not provided with the unit shall contain complete
details concerning proper selection of the power supply cord. The instructions shall specify selection of a

cord complying with the requirements in 14.2.1.

Exception: F
appropriate ¢

54.4 With rd
shall include
SAFETY INS
OF FIRE OR
(3.18 mm) hig

a) "Be
also s

b) "Fo
use in
120 vd

c) "Fo
config
outlet,

54.5 The operating orientation of .a“direct plug-in power unit shall be indicated in the in

follows: "Thig
equivalent wg

Exception: TH

54.6 Instrug
via a manufa

Dr a power unit intended for use in a foreign country, the instructions sha
brd to be used (see Exception No. 4 to 14.2.1).

ference to 14.1.4 and 14.2.4, the instructions for a power unit intended for use
(a) — (c) or the equivalent, as appropriate. The items shall be preceded by
TRUCTIONS — SAVE THESE INSTRUCTIONS" and "DANGER — TO REDUC
ELECTRIC SHOCK, CAREFULLY FOLLOW THESE INSTRUCTIONS" in lette
h or in a readily visible contrasting text.

sure voltage selector is in correct voltage position before plugging in." The inst
pecify the procedures to follow for changing the voltage selector.

r use in the U.S.A_, the voltage selector switch must be placed in the 120 volt
countries other than the U.S.A., the voltage selector may need to be placed in g

specify the

by travelers

"IMPORTANT

E THE RISK
rs of 1/8 inch

ructions shall

position. For
ther than the

It position. Confirm the voltage availablg, at each country location before using the product.”

I connection to a supply not in the,U.S.A., use an attachment plug adapter
Liration for the power outlet, if néeded.” Or, “If the shape of the plug does not
use an attachment plug adapter of the proper configuration for the power outlet.

power unit is intended to be correctly orientated in a vertical or floor mount
rding.

e instructioh:is not required for a direct plug-in power unit weighing 1 pound (454

tions<that are alternatively permitted on a stuffer sheet or information sheet may

pf the proper
fit the power

structions as
position," or
{ g) orless.

be provided
r information

turer’s website. The web address shall be marked on the unit, packaglng and/q

sheet. The we
.com/___

p:/lwww.

/), orasa chk Response Code (QRcode) The web address I|nk shall take the user to an

internet page containing the required information or a direct link to the required information. The file shall
be a file format that is commonly used and may be downloadable.

OUTDOOR USE

55 General

55.1

The requirements in 55 — 66 supplement or modify the general requirements in Sections 1 — 54.

These requirements are for equipment installed in outdoor locations that are exposed to weather.
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56 Enclosures

56.1 A product intended for outdoor use shall comply with the Rain Test in 64.3.

Exception: A type 3R, 3S, or 4X enclosure evaluated in accordance with the Standard for Enclosures for
Electrical Equipment, Non-Environmental Considerations, UL 50, is not required to be subjected to the
Rain Test.

56.2 A product that is for use in an outdoor location shall comply with 64.1 and 64.2, in addition to the
Ultraviolet (UV) Light Test and Water Immersion Tests specified in the Standard for Polymeric Materials —

Use in Electrical Equipment Evaluations, UL 746C.

56.3 A pow
1 foot of the
the Standing
ground shall

Exception: Tj

56.4 A gas
Section 58, (

56.5 Apan

Exception: T
result in a ris

56.6 Anen
shock due tg
for use while
includes flex
marked for u

56.7 To defermine compliance’ with 56.6, a complete assembly shall be subjected to the

64.3.

er unit, or similar component, that is for use in an outdoor location and is to bé m
ground, whether as a separate product or provided as a part of a product,\sha
Water Immersion Test in 64.4. A power unit installed at a height greater than 1
be marked in accordance with 65.6.

his requirement does not apply to a direct plug-in product.

ket or similar sealing device used to comply with the Rain Test in 64.3 shal
baskets.

b|, or cover, in the outer enclosure of an appliance:shall require the use of a tool

his requirement does not apply when the_yemoval or opening of the panel, or c(
k of electric shock when the appliance is\stibjected to the Rain Test described in

weather exposure and shall prévent live parts, electrical components, or wiring
in contact with water) from becoming wet. A part identified for use while in cont
ble cords (whose marking ends with a "W"), liquid tight flexible metal conduit
5e in wet locations, and rigid conduit.

56.8 Thes

Exception:

pporting surface of a power unit shall be supported by means other than groung

his\yrequirement does not apply to a thermoplastic enclosed unit that comy

ounted within
| comply with
foot from the

comply with

or removal.

ver, does not
64.3.

closure of a unit intended for outdoor use shall be constructed to reduce the flisk of electric

not identified
act with water
outlet boxes

Rain Test in

level.

blies with the

Standing Watertmmersion Testof 64.4.

56.9 A direct plug-in unit shall fully engage into a standard receptacle that is weatherproof only when the

receptacle is

covered (attachment plug cap not inserted and receptacle cover closed).

Exception: This requirement does not apply to a direct plug-in unit marked in accordance with 65.4 and
provided with instructions in accordance with 66.3.

57 Protection Against Corrosion

57.1

Metal shall be used in combinations that are galvanically compatible.

57.2 A hinge and other attachments shall be resistant to corrosion.
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57.3 A decorative grille, or similar part, that is not required to form a part of the enclosure is not required
to comply with 57.4 — 57.14.

57.4 A non-metallic enclosure shall be judged on the basis of the effect of exposure to ultraviolet light
and water, in accordance with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

57.5 A metallic enclosure shall be protected against corrosion as specified in 57.6 — 57.14. These
requirements do not contemplate corrosion that is caused by exposure to earth or other corrosive agents.

57.6 Copper, bronze, and brass containing no less than 80 percent copper, or stainless steel may be

used without

other metals
to appropriatg

57.7 Aneng
corrosion by:

a)Ac
outsid

b) On
surfac

57.8 Corros
composition.

57.9 An end
inch) thick if

have been folind to give equivalent protection‘as described in 57.12, or by one of the following

a) Ho
Weigh

Coatefd
with not less than 40 percent of the zinc on any side, based on the minimum single-spot test

AB53,
requir
accep
accor(
With 2

additional prnfnr\hnn Qnglnef corrosion thnf oxir |r|nri cast glllmlnllm die-C

bhall be of a grade or aIon known to be re3|stant to atmosphenc corrosion, shall
tests, or shall be protected against corrosion.

losure of cast iron or malleable iron at least 3.2 mm (1/8 inch) thick shal'be prots

pating of zinc, cadmium, or the equivalent, which is 0.0038.mm (0.00015 inch
b surface, and a visible coating of such metal on the inside-Surface; or

b coat of an organic finish of the epoxy or alkyd-resin) type, or other outdoor p
e

on tests are required unless suitability of apaint can be determined by consid

losure of sheet steel less than 3.20.mm (0.126 inch) thick if zinc-coated, or 3.1
ncoated, shall be protected against corrosion by other metallic or non-metallic

-dipped mill-galvanizedssheet steel conforming with the coating Designation
t (Mass) of Coating Requirements table in the Standard Specification for Steel
(Galvanized) or Zinc-lron Alloy-Coated (Galvannealed) by the Hot-Dip Prd

bment in this ASTM specification. The weight of the zinc coating may be deterr
able method;\however, in case of question, the weight of the coating shall be g
ance with‘the Standard Test Method for Weight (Mass) of Coating on Iron or
inc or.Zinc-Alloy Coatings, ASTM A90;

st zinc, and
be subjected

pcted against

thick on the

aint on each

eration of its

2 mm (0.123
coatings that
means:

G90 in the
Sheet, Zinc-
cess, ASTM

nined by any

stablished in
Steel Articles

el, uniformly

b) A 2

inc/coating, other than that provided on hot-dipped mill-galvanized sheet stg

applied to an average thickness of no less than 0.015 mm (0.00061 inch) on each surface with a
minimum thickness of 0.014 mm (0.00054 inch). The thickness of the coating shall be established
by the Metallic Coating-Thickness Test described in the Standard for Enclosures for Electrical
Equipment, Non-Environmental Considerations, UL 50. An annealed coating shall also comply with
57.14;

¢) A zinc coating conforming with 57.10(a) or 57.10(b) with one coat of an organic finish of the
epoxy or alkyd-resin type or other outdoor paint on each surface applied after forming. See 57.8;

d) A cadmium coating no less than 0.025 mm (0.001 inch) thick on both surfaces. The thickness of
coating shall be established in accordance with the metallic coating thickness test described in the
Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50; or

e) A cadmium coating no less than 0.019 mm (0.00075 inch) thick on both surfaces with one coat
of outdoor paint on both surfaces; or no less than 0.013 mm (0.00051 inch) thick on both surfaces
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with two coats of outdoor paint on both surfaces. The thickness of the cadmium coating shall be
established in accordance with the metallic coating-thickness test described in the Standard for
Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50, and the paint shall
be as specified in (c).

57.10 An enclosure of zinc-coated sheet steel 3.20 mm (0.126 inch) thick or thicker, or an enclosure of
uncoated sheet steel 3.12 mm (0.123 inch) thick or thicker, shall be protected against corrosion by other
metallic or non-metallic coatings that have been shown to give equivalent protection as described in 57.12

or by one of the following means:

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G60 or A60 in
the Weight (Mass) of Coating Requirements table in the Standard Specification for Steel Sheet,

Zinc-
ASTN
spot
any a
accor

I A653, with no less than 40 percent of the zinc on any side, based on the mi
est requirement in this ASTM specification. The weight of zinc coating may-be ¢
cceptable method; however, in case of question, the weight of coating shall be
dance with the Standard Test Method for Weight (Mass) of Coating on Iron or

Coated (Galvanized) or Zinc-lIron Alloy-Coated (Galvannealed) by the Hot{Dip Process,

imum single-
etermined by
bstablished in
Steel Articles

with Zinc or Zinc-Alloy Coatings, ASTM A90;
b) A]zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
appligd to an average thickness of no less than 0.010 mm (0.00041 inch) on each surface with a

minim
by th
Equip

c) Tw
surfa

d) An

5711 Ane
sheet steel 1
to weather b
marked raing

5712 A fin
tests with ga
57.9(a) or 57
protection in

um thickness of 0.009 mm (0.00034 inch). The thickrdess of the coating shall b
e Metallic Coating-Thickness Test described in the\Standard for Enclosures
ment, Non-Environmental Considerations, UL 50;

O coats of an organic finish of the epoxy orzalkyd resin type or other outdoor
e. See 57.8; or

y one of the means specified in 57.9.

nclosure of zinc-coated sheet steel 1.42 mm (0.056 inch) thick and an enclosur
.35 mm (0.053 inch) thick intended to be mounted within and protected from di
y the enclosure of other(equipment shall comply with 57.10. Such an enclosur
roof or raintight.

sh utilizing paint,~metallic finish, or the combination of the two, may be used i
vanized sheet steel — without annealing, wiping, or other surface treatment — co
.10(a) indicate the finish provides equivalent protection, or when found to provi
accordance with the Standard for Organic Coatings for Steel Enclosures for

e established
for Electrical

baint on each

b of uncoated
rect exposure
b shall not be

[ comparative
nforming with
de equivalent
Outdoor Use

Electrical Eqipment; UL 1332. The suitability of such coating systems shall be judged by exposure to salt
spray, moist farbon dioxide-sulfur dioxide-air mixtures, moist hydrogen sulfide-air mixtures, {ltraviolet light
and water.

57.13 If tests are required, a test specimen of a finish as described in 57.7, 57.9(c), 57.10(c), and 57.12
shall be consistent with the finish that is used in production with respect to the base metal, cleaning or
pretreatment method, application method, number of coats, curing method, and thickness.

57.14 A hot-dipped mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent, or
similarly formed, after annealing and that is not otherwise required to be painted shall be painted in the
bent or formed area if the bending, or forming process, has damaged the zinc coating. The zinc coating is
considered to be damaged if flaking or cracking of the zinc coating at the outside of the bent or formed
section is visible at 25 power magnification. Simple sheared, cut edges, and punched holes are not
considered to be formed.
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Exception: An area on the inside surface of an enclosure that is not exposed to water during the water

spray testis n
58 Gaskets

58.1

ot required to be painted.

This section applies to gaskets that are required for an electrical enclosure to maintain a tight fit.

58.2 A gasket shall be secured with adhesive or by mechanical means, including force-fit or the
combination of the gasket's shape and elastomeric properties. The gasket and its securing means shall

not be damag

ed when the cover is opened.

58.3 The g
Gaskets and
accordance W
60 percent ar

59 Supply ¢

59.1 A con(
Sections 67

59.2 The pg
least as serv
STOW.

59.3 An out
following:

a) Te
no les|
The rg
b)An

c)Ad

59.4 A cord
grounding tyq

Exception: A

D}\C‘l |||atc| |a: all(..l.l adhca;vc bulllb;llat;ull, If app:lbab:c, cha:: bulllp:y vv;th thc
Seals, UL 157. The Tensile Strength Test and Ultimate Elongation Test; Wk
ith the Standard for Gaskets and Seals, UL 157, shall have a tensile strength’ of
d an elongation of no less than 75 percent of the values determined before’cond

Connections

uit opening in the enclosure of a fixed power unit shall dbe-evaluated in acc
72.

wer supply cord provided with a power unit intended for use in an outdoor locati
ceable as junior hard service cord type SJW, SJOW, SIJTW, SJTOW, SW, S(

door power unit shall be provided with . méans for connection of the supply wi

minals or leads for permanenticohnection to the supply for fixed equipment. A
5 than 152.4 mm (6 inches) jn-length and shall not exceed 609.6 mm (24 inch
quirements of Sections 67.>72 shall also apply;

bn-detachable powersupply cord for connection to the supply by means of a plu

rect plug-in unit:

-connected-power unit intended for use in an outdoor location shall employ a
e supply cord.

power unit that does not have parts required to be grounded is not required,

Standard for
en tested in
no less than
itioning.

brdance with

bn shall be at
DW, STW, or

h one of the

lead shall be
Bs) in length.

J; or

3-conductor

to employ a

grounding type supply cord.

60 Output Connections and Wiring

60.1

Output wiring shall be suitable for outdoor use, "W" rated, and sunlight-resistant as applicable to

outdoor cords.

60.2 An output connection shall be suitable for outdoor use, protected against corrosion, and sunlight-
resistant as applicable to outdoor connections.

61 Spacings

61.1 A unit intended for outdoor use shall comply with Section 24, Spacings, except that 24.1 and 24.5 —
24.8 shall be replaced with 61.2.
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61.2 The spacing between live parts of opposite polarity, live and dead metal parts, and live parts and a
metal enclosure, shall be as specified in Table 24.1. This table applies to units with or without openings.

Exception No. 1: A unit complying with the hose down test specified in the Standard for Enclosures for
Electrical Equipment, Non-Environmental Considerations, UL 50, may be evaluated in accordance with
Table 24.2.

Exception No. 2: The spacing requirements within the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, may be used as an alternative to

the spacing requirements located in Table 24.1. If UL 840 is used, the following shall apply:

a) The spacing requirement of UL 840 shall not be used for field wiring terminals or for spacings to

ade

b) The level of pollution for damp location and outdoor use equipment is pollutiorn
hermetically sealed or encapsulated enclosure, or a coated printed wiring board in co

the

Including Clearances and Creepage Distances for Electrical Equipment, UL 840
pollutfon degree 1;

c) T
Stand
Equig

d) Ca

integh
devic

62 Access

metal enclosure;

inted Wiring Board Coating Performance Test of the Standard fer“Insulation

e equipment is rated overvoltage category | and overvoltage category Il as
ard for Insulation Coordination Including Clearancesand Creepage Distances
ment, UL 840, and

ntrol of overvoltage shall be achieved by praviding an overvoltage device or
al part of the product in order to apply Clearance B (controlled overvoltage) clg
b shall comply with the Standard for Surge Protective Devices, UL 1449.

bility of Live Parts

degree 3. A
mpliance with
Coordination
is classified

lefined in the
for Electrical

system as an
arances. The

62.1 A unitlintended for outdoor use shall.comply with Section 16, Accessibility of Live Parts, except that
16.2.2 and 16.3.2 shall be replaced with62.2 and 62.3, respectively.
62.2 The maximum voltages which ‘may be accessible in accordance with 16.2.1 are:
a) 15|V for sinusoidal’AC and 21.2 V peak for nonsinusoidal AC;
b) 30|V for continuous DC, or 30 V peak for interrupted DC outside the range of 10 — 400 Hz; and
c) 124 V peakTfor DC interrupted at a rate of 10 — 200 Hz.
An initial transienttastingtess-than200-milisecondsmeay be-disregarded—Yoltages—are-to-be monitored

using a stora

ge oscilloscope for the first two seconds after any fault is introduced.

62.3 The maximum voltages which may be accessible in accordance with 16.3.1 are:

a)15

V for sinusoidal AC and 21.2 V peak for nonsinusoidal AC;

b) 30 V for continuous DC, or 30 V peak for interrupted DC outside the range of 10 — 200 Hz; and

c)12.

4V peak for DC interrupted at a rate of 10 — 200 Hz.
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63 Ground-Fault Circuit-Interrupters

63.1 Each power unit shall be protected by an integral ground-fault circuit-interrupter that complies with
the requirements for a Class A ground-fault circuit-interrupter in the Standard for Ground-Fault Circuit-
Interrupters, UL 943.

Exception: An integral ground-fault circuit-interrupter is not required if the unit is marked in accordance
with 65.2.

63.2 If provided, a ground-fault circuit-interrupter (including any external open-neutral circuitry) shall be
connected between the supply lead or terminal connections and all other electrical conductors and
equipment. T

is-det nati istaoh d ith-th it tad i lLintended It 1 1
his determination-is-to-bhe made wi e-unit connected-in-allintendedvoltage r\ﬁnﬂgura“ons_

ter shall not
brs are also

63.3 In a ppwer unit, the conductors on the load side of the ground-fault circuit-interrug
occupy boxeg or enclosures containing other conductors unless the additional. conduct
protected by & ground-fault circuit-interrupter.

me boxes or
nductors are
nsulated live

Exception: Conductors on the load side of a ground-fault circuit-interrupter may occupy the sé
enclosures ap other conductors if the conductors are separated by a batrier or if the co
segregated, fouted, or secured to provide permanent spacing from allother insulated or un
parts.

63.4 A grouhd-fault circuit-interrupter test button shall be accessible without the use of tools

64 Performance
64.1 General
64.1.1 All applicable tests in this Standard*affected by ambient temperature fluctuations shall be tested

using the ambient identified by the manufacturer. If the specified ambient is less stringent thap minus 35°C
to 40°C then the ambient to be used isminus 35°C to 40°C.

64.2 Abusetests

64.2.1

A unlt for use in an_outdoor location shall comply with Section 46, Abuse Tests. In ¢

ddition 46.2,
applied on a
cooled to a
ra minimum

ple may be

64.2.2 After completion of the tests specified in 64.2.1, each sample shall comply with 46.1.1 and 46.1.2,
and shall be subjected to the Dielectric Voltage Withstand Test. An examination shall be conducted for
evidence of the development of a risk of fire or electric shock. The Rain Test, 64.3, and the Standing Water
Immersion Test, 64.4, shall be conducted if applicable.

64.3 Rain test

64.3.1 An enclosure designated rainproof or raintight shall be subjected to a water spray as described in
64.3.5. A rainproof enclosure shall have no wetting of a live part nor have entrance of water above the
lowest live part. A raintight enclosure shall have no entrance of water into the enclosure.
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