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INTRODUCTION

1 Scope

1.1 These requirements cover equipment intended for use indoors in an automotive repair facility.

Products covered by this standard are as indicated in 1.2. This equipment is intended to be installed and
used in accordance with the National Electrical Code, ANSI/NFPA 70.

1.2 These requirements cover the following:

a) Equipment used in servicing and repairing automobiles, such as dynamometers, battery testers,
roll-up brake lathes, distributor testers, driveway signals, engine analyzers, exhaust emissions

testers
timing
balang
These
and ut

b) Povy
These

c) Elé
autom

1.3  With ref
240 Vac, and
supplied by a

1.4  With ref
shall be shov
Standard and
Testing and

, generator-alternator-regulator testers, growlers, ignition testers, rectifier
lights, fluid changing equipment, tire changers, tune-up testers, wheel
e equipment, and other similar equipment primarily for use in garagesand se

lization equipment for the system.

ered and nonpowered tool cabinets, which may or may not beyprovided with 2
products are intended to store tools in a repair facility or residential location.

ctrical requirements for equipment and systems «Used to provide power
btive lifts.

brence to 1.2(b), powered cabinets shall be-powered by an electrical source
shall be cord connected. All other equipment covered by this standard is i
power source not exceeding 600 Vac, and may be cord connected or permang

brence to 1.2(c), the electrical system of electrically powered or controlled 3
n to comply with UL 201. Automotive lifts as a complete system are not ¢
shall comply with the Standard for Automotive Lifts — Safety Requirements fo
Validation, ANSI/ALIALCTY, which contains additional requirements for al

Ldiode testers,

lignment and
rvice stations.

devices may be provided as a system of devices, including a console that houses control

work surface.

or control for

not exceeding
htended to be
ntly wired.

utomotive lifts
bvered by this
Construction,
tomotive lifts,

including such additional electrical requirements for automotive lifts that are intended to be installed out-of-

doors.

1.5 Equipmegnt intended forUse in Class |, Division 1, and Class |, Division 2 hazardou

defined in the
addition, is in

1.6 These r

National Electrical Code, ANSI/NFPA 70, is investigated under these require]
estigatéd)with respect to its acceptability for the particular application.

s locations as
ments, and, in

bquirements do not cover arc-welders, automotive battery chargers, electric

or pneumatic

tools, vacuun

Cleaners, equipment using Tefrigerants; or other equipment that s osedn

service or repair facility, but is covered by individual requirements.

an automotive

1.7 These requirements do not cover portable tool chests or toolboxes intended to be transported by

hand.

1.8 These requirements do not cover flammable liquid storage cabinets.

1.9 These requirements do not cover battery chargers, battery testers, or other equipment intended for
the servicing of electric vehicles or electric vehicle battery packs.
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2 Compone

2.1

nts

requirements for that component.

2.2 Acompo

nent is not required to comply with a specific requirements that:

Except as indicated in 2.2, a component of a product covered by this standard shall comply with the

a) Involves a feature or characteristic not required in the application of the component in the

produc

t covered by this standard, or

b) Is superseded by a requirement in this standard.

2.3 A compd
use.

2.4 Specific
capabilities. §
temperatures

nent shall be used In accordance with Its rating established Tor the Intende

components are incomplete in construction features or restricted in
uch components are intended for use only under limited cenditions, su

3 Units of Measurement

3.1 Values s
approximate i

3.2 Valueso
4 Undated R

4.1
interpreted as

5 Glossary
5.1 Forthe p

5.2 ACCESY
by means of a

formation.
voltage and current are rms values, unless.6therwise indicated.

eferences

Any undated reference to a code or stanidard appearing in the requirements of this sta

referring to the latest edition-of that code or standard.

urpose of this standard, the following definitions apply.

probe,

5.3 AUTOM/

ATICALLY CONTROLLED EQUIPMENT — Equipment is considered to be

fated without parentheses are the requirement. Values in parentheses are ¢

conditions of

performance
ch as certain

not exceeding specified limits, and shall be used only under these specific condlitions.

xplanatory or

ndard shall be

IBLE PART> A part located so that it is able to be contacted by a person, either directly or

automatically

controlled if:

a) The repeated starting of the equipment, beyond one complete predetermined cycle of operation
to the point where some form of limit switch opens a circuit, is independent of any manual control;

b) During any single predetermined cycle of operation, the motor is caused to stop and restart one
or more times;

c) Upon energizing the equipment, the initial starting of the motor may be intentionally delayed
beyond normal conventional starting; or

d) During any single predetermined cycle of operation, automatic changing of the mechanical load
may reduce the motor speed sufficiently to reestablish starting-winding connections to the supply

circuit.
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5.4 BARRIER — A part providing protection against direct contact from any usual direction of access.

5.5 BONDED (BONDING) — The permanent joining of metallic parts to form an electrically conductive
path that provides electrical continuity and the capacity to conduct any current likely to be imposed without
a risk of electric shock, fire, or injury to persons.

5.6 BONDING JUMPER — A conductor, including a strap or similar part that is used to provide the
required electrical conductivity between metal parts required to be electrically connected.

5.7 CABINET - Equipment that is provided with shelves and/or drawers intended to house hand tools or
similar devices for permanent or temporary storage. This equipment may be provided with an electrical
connection such that power can be made available within the cabinet and provide power to systems within

the cabinet, s

5.8 CLASS
voltage and e
68.

59 CONSO
of control, uti
alignment sy§g

5.10 DECO
function.

5.11 ELECT]
parts at poten

5.12 ENCL(
5.14, or 5.23.

Lich as convenience receptacles.

2 SOURCE - A source having a limited voltage and energy capacity.” Re

LE — Equipment that is intended to house electrical or elegtronhic equipment f
ization, or diagnostic functions and is associated with- ah-overall system, su
tem, automotive lift, or similar equipment.

RATIVE PARTS — A part of the equipment, outside the fire enclosure, which
RICAL ENCLOSURE — A part of the equipment intended to reduce the risk

tials other than low-voltage, limited-efergy circuits.

DSURE — A part of the equipment providing one or more of the functions des

5.13 EQUIPMENT GROUNDING ‘CONDUCTOR — The conductor used to connect tH

carrying meta
grounding ele

5.14 FIREE
within.

parts of equipment;raceways, and other enclosures, to the system grounded

NCLOSURE'— A part of the equipment intended to minimize the spread of fire

5.15 GROU

juirements for

hergy are as indicated in 29.4. See the Low-Voltage, Limited-Energy. Measurements, Section

br the purpose
ch as a wheel

has no safety

bf contact with

cribed in 5.11,

e non-current
conductor, the

ctrode, or both atthe service equipment or at the source of a separately derived system.

or flames from

ND A conducting connection, whether intentional or not, between an electr

cal circuit and

the earth.

5.16

5.17

5.18

5.19

5.20

GROUNDED - Connected to earth.

HIGH VOLTAGE CIRCUIT - A circuit having a potential in excess of 2500 volts peak.

IN-SERIES MOTOR — A motor connected directly to the line voltage supply.

GROUNDED CONDUCTOR — A system or circuit conductor that is intentionally grounded.

ISOLATING TRANSFORMER - A device that consists of a primary winding electrically connected

to the supply wiring, and one or more secondary windings which are not conductively connected to the
primary windings, and as such are isolated from the supply wiring.
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5.21 LEAKAGE CURRENT - Any currents, including capacitively coupled currents, which may be
conveyed between exposed conductive surfaces of equipment and ground or other conductive surfaces of
equipment.

5.22 LOW-VOLTAGE, LIMITED-ENERGY CIRCUIT — A circuit involving a potential of not more than 30
volts rms (42.4 volts peak) or a direct voltage of not more than 60 volts and supplied by a battery, a Class 2
source, or a combination of an isolating transformer and a fixed impedance that, as a unit, limits the
available energy as described in 29.4.

5.23 MECHANICAL ENCLOSURE - A part of the equipment intended to reduce the risk of injury due to

mechanical and other physical hazards.

5.24 OPERATOR ACCESS AREA - An area in which, under normal operating conditior
following applies:

a) Acc
b) The

c) The

5.25 PORTA
perform the fi
supported.

5.26 PRESS
excessive pre

5.27 PRIMA
connected to t

5.28 PROTH
equipment to ¢

5.29 RACEV|

wiring, exclud
raceway provi

5.30 RATED

ss can be gained without the use of a tool;
Imeans of access is deliberately provided to the operator; or

bperator is instructed to enter regardless of whether or not a tool is needed to ¢
BLE EQUIPMENT — Equipment that is moved to the, workpiece or other locat

Linction for which it is intended. Generally, portable equipment is hand-h

URE-RELIEF DEVICE - A pressure-actuated valve or rupture member desig
bsures automatically.

RY CIRCUIT — A circuit involving a potential of not more than 600 volts t
he supply circuit.

CTIVE GROUNDING - A system for connecting noncurrent carrying conducti
round.

ng communication and low voltage wiring unless provisions for such are
Hes mechanical protection to the enclosed wiring.

CURRENT - The input current of the equipment as declared by the manufacty

s, one of the

ain access.

on in order to

eld or hand-

ned to relieve

hat is directly

e parts of the

AY — A completely enclosed channel intended specifically for the holding gnd routing of

provided. A

rer.

5.31

RATED FREQUENCY — The primary power frequency as declared by the manufacturer.

5.32 RATED FREQUENCY RANGE - The primary power frequency range as declared by the

manufacturer,

5.33 RATED

expressed by its lower and upper rated frequencies.

VOLTAGE - The primary power voltage as declared by the manufacturer.

5.34 RATED VOLTAGE RANGE — The primary power voltage range as declared by the manufacturer,
expressed by its lower and upper rated voltages.

5.35 REMOTELY CONTROLLED EQUIPMENT — Equipment that is not within the sight of the operator at

the location of

the starting device.
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5.35.1 REPAIR GARAGE, MAJOR - A building or portions of a building where major repairs, such as
engine overhauls, painting, body and fender work, and repairs that require draining of the motor vehicle
fuel tank are performed on motor vehicles, including associated floor space used for offices, parking, or
showrooms.

From NFPA 70®, National Electrical Code®, 2020 edition. Copyright© 2019, National Fire Protection Association. For a full copy of
NFPA 70, please go to www.nfpa.org.

5.35.2 REPAIR GARAGE, MINOR - A building or portion of a building used for lubrication, inspection
and minor automotive maintenance work, such as engine tune-ups, replacement of parts, fluid changes
(e.g., oil, antifreeze, transmission fluid, brake fluid, air-conditioning refrigerants), brake system repairs, tire
rotation, and similar routine maintenance work, including associated floor space used for offices, parking,
or showroomg-

From NFPA 70®
NFPA 70, please

5.36 SAFET
electric shock

5.37 SECO

5.38 SERVI
service perso

5.39 SUPPL

5.40 TOOL
fixing means.

5.41
approximatior

5.42 UNINS
insulation tha

5.43 USER
Servicing, Se

TRADE

National Electrical Code®, 2020 edition. Copyright© 2019, National Fire Protection Assdciation
go to www.nfpa.org.

Y CIRCUIT — Any primary or secondary circuit that is relied upon/to reduce
, or injury to persons.

NDARY CIRCUIT — A circuit supplied from a secondarywinding of an isolating

CE ACCESS AREA - An area, other than an operator access area, where it is
Nnel to have access even with the equipment switehed on.

Y CIRCUIT — The branch circuit supplying'electrical energy to the equipment.

- A screwdriver or any other objectiwhich may be used to operate a latch, s

SIZE - A term usedlo distinguish between actual sizes and indU
s for that size.
ULATED LIVE PART — A part involving a risk of fire or electric shock that

SERVICING - The replacing, cleaning, or adjusting done by the user as
ction 440

For a full copy of

he risk of fire,

transformer.

necessary for

rew, or similar

stry standard

s bare or has

is not rated for the end use operating conditions, such as voltage, temperature, or the like.

described in

CONSTRUCTION
6 General
6.1 All equipment shall be investigated for use indoors, with an operating ambient range of 5 — 40°C (41

— 104°F). Other environmental conditions specified by the manufacturer in the user manual shall also be
considered.

6.2 Each electrical device provided as part of the overall equipment (e.g. printers, docking stations) shall
have an appropriate electrical rating for the application.

6.3 Unless otherwise noted, all equipment is intended for use in a non-classified (ordinary) location. This
can be accomplished by the physical location of installation where the equipment is intended to be used
within a repair facility, or by integral construction features that allow the equipment to be used outside of
the classified area as defined by the National Electrical Code, NFPA 70. For equipment that is intended to
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be used within the classified area as defined by NFPA 70, additional hazardous location requirements
shall be applied to verify the safe operation within that classified (hazardous) location. The area
classification that applies is as defined for either a major repair garage or a minor repair garage. The area
classification for a minor repair garage is less stringent than for a major repair garage and may include
ordinary locations within the minor repair garage. All equipment intended for use within a minor repair
garage shall be marked in accordance with 83.12.1. Equipment that is not marked in this manner can be
installed in either a major or minor repair garage.

7 Assembly

7.1 Equipment shall be completely wired with all internal splices and electrical connections made before
the equipment leaves the factory. Equipment may be shipped unassembled provided no internal wiring
connections afe to be made in the field, unless these connections are made by connectors or appliance
couplers.

Exception: TH tly connected

products.

is requirement does not apply to field wiring connections for-permanen

pment that requires assembly in the field to any degree shall'be provided wjth installation

tailing all assembly steps. See Instruction Manual, Section 84.

7.2 Anyequ
instructions dg

7.3 Equipment shall be so assembled that it will not be affected“adversely by the vibrafion of normal

operation. Bru
7.4 Allunins

7.5 An uning
position, if sud|

7.6 A switch

be mounted s¢curely and shall be prevented from turning, see 7.7.

Exception: A
lamp is sealed
spacings belo

7.7 A means
surfaces — for
of a small sten

5h caps in motors shall be tightly threaded or otherwise designed to prevent lo
ilated live parts shall be enclosed in the finallassembly.

ulated live part shall be secured s@’that it will be prevented from turning
h motion would result in a reduction-of spacings below the minimum acceptabl

lampholder, attachment plug,receptacle, motor attachment plug, or similar co

ampholder for a non=replaceable lamp, such as a neon pilot or indicator ligh
in a non-remoyable enclosure, need not be prevented from turning if rotation
v the minimum required.

for preventing the turning mentioned in 7.6 shall consist of more than fri
example, a properly applied lock washer is acceptable as the means for preyv

bsening.

or shifting in
b values.

mponent shall

t in which the
tannot reduce

tion between
enting turning

h-mounted switch or other device having a single hole mounting means.

7.8 Means shall be provided to reduce the risk of contact between the enclosure of equipment and a light
fixture, other than at the intended mounting means. The means provided shall have the strength and
rigidity to reduce the risk of distortion which facilitates installation in a manner other than as intended.

8 Frame and Enclosure Construction

8.1 General

8.1.1 The enclosure of garage equipment shall be formed and assembled so that it has the strength and
rigidity required to resist the abuses to which it may be subjected without resulting in a risk of fire, electrical
shock, or injury to persons due to total or partial collapse with resulting reduction of spacings, loosening or
displacement of parts, or other defects.
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8.1.2 Materials used to form an enclosure shall be metallic or nonmetallic. Metallic and nonmetallic
materials shall comply with the applicable requirements in this standard. Additionally, nonmetallic
materials shall comply with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

8.1.3 Nonpowered cabinets are not required to comply with the enclosure requirements in this section.
8.2 Fire enclosures

8.2.1 The fire enclosure of all equipment shall prevent molten metal, burning insulation, flaming particles,
or similar materials from falling on combustible materials outside the enclosure.

8.2.2 A fire pnclosure is required to cover all parts that are not contained within a low=voltage, limited-
energy circuit| This includes components, wiring, motors, transformers, and the like.

8.2.3 Openings provided in the top of a fire enclosure shall comply with one of the following:
a) Notlexceed 5 mm (1/5 inch) in any dimension;
b) Notlexceed 1 mm (1/25 inch) in width regardless of length; or

c) Be po constructed that direct, vertical entry of a falling ebject is prevented from [reaching such
bare pprts by means of a trap or restriction.

8.2.4 Openipgs provided in the sides of a fire enclosure shall comply with one of the follow

=]

g
a) Notlexceed 5 mm (1/5 inch) in any dimensioh;
b) Notlexceed 1 mm (1/25 inch) in width regardless of length;

c) Be provided with louvers that areishaped to deflect outwards an external vertically falling object
(see Fjgure 8.1 for details); or

d) Be s0 located that an object, upon entering the enclosure, is unlikely to fall on bgre parts which
are no} considered low-yoltage, limited energy (see Figure 8.2 for details).

Where a portjon of the side-of a fire enclosure falls within the area traced out by the 5 de¢gree angle in
Figure 8.3, the limitation=in 8.2.5 on sizes of openings in bottoms of fire enclosures als® apply to this
portion of the side openings.
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Figure 8.1
Example of louver design

/ /’ / 50

. I o\ 1 L | ] LI | I .
Inside ] Outside tside i utside

\ 7/ / 50 /
Outwqrd projections 'nward projegtions
EC513A

N\

Figure 8.2

Examples’of enclosure side openings

—

Slanted openings

Vertical openings

EC500C
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8.2.5 Openi
a) No

b) Op
flamm

c) Baff

d) Mefal bottom/screens having a mesh not greater than 2 mm by 2 mm (0.08 incH

and a

Figure 8.3

Typical bottom of fire enclosure for partially enclosed components

The portion of a component under which
which flaming particles might be emitted.

entire area occupied by the component o
assembly.

e OU e 0 c d A
downward onto the horizontal plane of
point of the FIRE ENCLOSURE.

| C Inclined line that traces an outline’D on
L/ \ plane as B. Moving around .the\perimeter
\*-I outline B, this line projectshat a 5° angle
| \ 5 vertical at every point round the perimets
| ‘_/ openings in A and is\oriented to trace ol
I largest area.
\J | T l D Minimum outline“of the bottom of the FIH
- ,\I\ S ENCLOSURE..*A portion of the side of a F|
/l/ // L ~ ENCLOSURE which is within the area tracs
~ ~N the 5 “angle is also considered to be par
// B | \ S ) bottem, of the FIRE ENCLOSURE.
( k -
~ )/ ~
~N ~ _ \/ -
7~

ngs in the bottom of a fire enclosure shall comply with one of the following:
bpenings in the bottom of afire enclosure;

bnings in the botterm; each not larger than 40 mm? (0.06 inch?) under o
ability class V-1,or better, or parts made of material with flammability class V-1

e plate construction as illustrated in Figure 8.4;

wire diameter of not less than 0.45 mm (0.02 inch).

a FIRE

ENCLOSURE is required, for example, under those
openings in a component or assembly through

If the

component or assembly does not have its own
FIRE ENCLOSURE, the area to be protected is the

r

the same
of the
from the
r of the
t the

E

RE

d out by
I of the

omponents of
better;

by 0.08 inch)
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Figure 8.4

Baffle plate construction

Baffle plates (may be above or

Not less below bottom of FIRE ENCLOSURE)

than 2 X

|

SBO855E

8.2.6 If part
the following r

a) The

b) A dqg
the fire
normal

c) A ddg
access
directig

8.3 Electrical enclosures

8.3.1 Anele
low-voltage, li
accordance w

8.3.2 Openin

Bottom of FIRE ENCLOSURE

bf the fire enclosure consists of a door or cover leading to an operator acces
bquirements shall apply:

or or cover, intended to be routinely opened by the operator, shall not be re
enclosure by the operator, and it shall\be provided with a means to keep it
operation; or

or or cover intended only for occasional use by the operator, such as for the
ories, shall be permitted to\be removable provided the equipment instru
ns for correct removal and\replacement for the door or cover.

ttrical enclosure-of equipment shall prevent the operator from contacting circu
mited-energy:circuits. An electrical enclosure shall not provide access after b

gs m the electric enclosure can be of any size prowded the openlngs do not a

door or cover shall be interlocked to comply with'\the requirements in Interlocks,

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

5 area, one of

Section 25.
movable from

closed during

installation of
ttions include

its other than
eing tested in
Section 10.

low access to

any hazardou

Coated Wire, and Moving Parts Sectlon 10.

8.4 Mechanical enclosures

8.4.1

¢ Parts, Film-

A mechanical enclosure shall prevent access to any hazardous moving part within the enclosure

from operator contact. A mechanical enclosure shall not provide access after being tested in accordance
with Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section 10.

8.4.2 Openings in the mechanical enclosure can be of any size provided the openings do not allow
access to any moving parts or pinch points when tested in accordance with Accessibility of Uninsulated
Live Parts, Film-Coated Wire, and Moving Parts, Section 10.
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8.5 Metallic enclosures

8.5.1 A metallic enclosure shall comply with the Strength of Enclosure Tests, Section 69.

8.5.2 For an unreinforced, flat surface in general, cast metal shall not be less than 3.2 mm (1/8 inch)
thick, malleable iron shall not be less than 2.4 mm (3/32 inch) thick, and die-cast metal shall not be less
than 2.0 mm (5/64 inch) thick.

Exception: Metal of lesser thickness but not less than 2.4 mm (3/32 inch), 1.6 mm (1/16 inch) and 1.2 mm
(3/64 inch), respectively for cast metal, malleable iron, and die-cast metal, is acceptable if the surface
under consideration is curved, ribbed, or otherwise reinforced, or if the shape and size, or both of the
surface is such that its mechanical strength is equivalent to that of a metal of the specified minimum

thickness.

8.5.3 Anen
and its suitab
Sheet steel h
galvanized or|
used, except

8.5.4 A metallic fire enclosure shall be considered to comply withAlammability requirement

8.6 Non-metallic enclosures

8.6.1 A poly|

8.6.2 The n
recognition o

8.6.3 Thefla

a) For
have g

b) For
a flam

8.6.4 Enclos
or distortion o

tlosure of sheet metal shall be investigated with respect to its size, shapé;thick
ility for the particular application, considering the intended use of-the comple
aving a thickness of less than 0.66 mm (0.026 inch) if uncoated or0.74 mm
of nonferrous sheet metal having a thickness of less than 0.9 mm (0.036 ing
or relatively small areas or of surfaces that are curved or othérwise reinforced.

meric enclosure shall comply with the Strength of Enclosure Tests, Section 69.

inimum thickness for the polymerici4haterial used shall be determined by
by test.

mmability of a nonmetallic €nclosure shall comply with the appropriate require

equipment with a total mass not exceeding 18 kg (40 Ibs), the fire enclosure
flammability ratingsef V-1 minimum at the smallest thickness used: or

equipment with-a total mass exceeding 18 kg (40 Ibs), the fire enclosure mats
mability rating\of 5-V at the smallest thickness used.

uresseofimolded or formed thermoplastic material shall be constructed so that
f the.material over time will not allow for the user to be exposed to hazardous p

ness of metal,
te equipment.
(0.029 inch) if
h) shall not be

5 without test.

ts component

ment below:

material shall

rial shall have

any shrinkage
arts.

8.6.5 Non-metallic enclosures shall be subjected to the Stress Relief Test, 69.2.

9 Flammability of Materials and Components

9.1 General

9.11

materials, that the propagation of fire is minimized.

9.1.2

Components and parts inside a fire enclosure shall be so constructed, or shall make use of such

In considering how to minimize the propagation of fire, and what are "small parts", account shall be

taken of the cumulative effect of small parts when they are adjacent to each other, and also of the possible
effect of propagating fire from one part to another.
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9.2 Flammability

9.21

a) They shall have a flammability rating of V-2 or better; or

b) They shall have a flammability rating of HF-2 or better.

Exception: This requirement does not apply to:

Except as specified elsewhere in this standard, all materials shall comply with one of the following:

a) Components meeting the flammability requirements of a relevant component standard which
includes such requirements;

b) Methr cases, meter faces, and indicator lamps that are part of a separate and distit]

c) Gea
fire pro
produc

d) Tubi

e) Inte
small p

f) Infla
dynam
from e
cause

9.2.2 Printed
minimum.

9.2.3 Airfilte
or better, exce

a) Air f]

s, cams, belts, bearings, and other small parts which would contribute negli

e temperatures that could cause ignition, by 13 mm (1/2 inch) of air;

hg for air or fluid systems provided they are of flammability class' HB or HBF or

arts mounted on a material of flammability class V-1%rbetter; and

able air bags used in dynamometers for raising and lowering the automd
bmeter, provided they are of flammability class\HB or HBF or better and they
ectrical parts, that under a fault condition would be likely to produce temperatu
gnition, by 13 mm (1/2 inch) of air.

wiring board material for use in_garage equipment shall have a flammability

I assemblies shall be constructed of materials of flammability class V-2 or bet
pt that the following constructions need not comply with this requirement:

Iter assemblies_ in_air circulating systems that are not intended to be vented o

encloslire; or

b) Air
flammsa

filter assemblies located externally to the fire enclosure, constructed off
bility_class HB or HBF or better.

ct accessory;

gible fuel to a

vided they are separated from electrical parts, that under a fault condition wodld be likely to

better;

grated circuit packages, transistor packages, optocoupler packages, capacitors, and other

bile onto the
are separated
res that could

rating of V-1

er, or of HF-2

utside the fire

materials of

9.24 Parts ¢

fthe equipment which are located external to the fire enclosure shall be d

onstructed of

materials of flammability class HB or better. This requirement also applies to mechanical and electrical
enclosures provided they are located external to the fire enclosure.

9.2.5 Wood used as a frame or supporting part within an enclosure shall comply with the Wood
Flammability Test, Section 80.

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

10.1

To reduce the likelihood of unintentional contact with an uninsulated live part, a film-coated wire, or

a moving part, an opening in an electrical or mechanical enclosure shall comply with either of the

following:

a) For an opening that has a minor dimension less than 25 mm (1 inch), such a part or wire shall
not be contacted by the probe illustrated in Figure 10.1;
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b) For an opening that has a minor dimension greater than 25 mm (1 inch), such a part or wire shall
be spaced from the opening as specified in Table 10.1.

The minor dimension of an opening is the diameter of the largest cylindrical probe having a hemispherical
tip that can be inserted through the opening.

Exception No. 1: A motor other than one used in either a hand-held or hand-supported equipment, need
not comply with these requirements if it complies with 10.2.

Exception No. 2: Insulated brush caps on motors are not required to be additionally enclosed.

Exception No_3:_A_moving part or porfion of a part that is necessarily exposed to perform the infended
work function)need not comply with this requirement.
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Figure 10.1
Articulate probe
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Table 10.1

Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

Minimum dimension?® of opening, Minimum distance from opening to part,
mm (inches)® mm (inches)®
19¢ (3/4) 110 (4-1/2)
25° (1) 165 (6-1/2)
32 (1-1/4) 190 (7-1/2)
38 (1-1/2) 320 (12-1/2)
48 (1-7/8) 400 (15-1/2)
5. (2-1/8) 440 (47-1/2)

d 760 30)

2See 10.1.

b Between 19 afd 54 mm (3/4 and 2—1/8 inches) interpolation is to be used to determine a value between Values specified in the

table.

¢ Any dimensior
4 More than 54

less than 25 mm applies to a motor only.
Inm, but not more than 152.0 mm (6 inches).

10.2 For a part or wire specified in 10.1 that is an integral enclosuréf a motor specified in

110 10.1:

a) An

b) An
wire is

1) A moving part can not be contacted bythe probe illustrated in Figure 10.4;

3) In a directly accessible moter.(see 10.5), an uninsulated live part can not b
the probe illustrated in Figure10.3; and

by the probe illustrated-in Figure 10.4.

spaced fromitheé opening as specified in Table 10.1.

bpening that has a minor dimension less than 419’ mm (3/4 inch) is acceptable if

2) Film-coated wire can not be contageted by the probe illustrated in Figure 10.

4) In an indirectly accessible motor (see 10.5), an uninsulated live part can ng

ppening that has: a’minor dimension of 19 mm (3/4 inch) or more is accepta

Exception No.

o

b contacted by

t be contacted

ble if a part or
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Figure 10.2

Probe for film-coated wire

—=— ANY CONVENIENT LENGTH
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Figure 10.3
International Electrotechnical Commission (IEC) articulate accessibility probe with stop plate
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Figure 10.4
Straight probe

— ANY CONVENIENT LENGTH

12.7mm DIA.
(1/2 INCH)

19.1Tmm DIA.
(3/4 INCH)

/

RS

PA1]

10.3 The prq
to any depth t
through the of
Figure 10.1 4

\L¢¢8wmﬁ

14.3mm(9/16 INCH)

LA

101.6mm

p0B

(4 INCHES)

configuration {

10.4 The prq
accessibility p
shall be applie

10.5 With ref

bed specified\in 10.1 and 10.2 shall be used as measuring instruments to
Fovided by/ah opening, and not as instruments to determine the strength of
d with.the/minimum force necessary to determine accessibility.

erence to 10.2:

R

(3/16 INCH)

bes specified in 10.1 and 10.2 and illustrated in Figure 10.1 — Figure 10.4, shall be applied
nat the opening will permit,-and shall be rotated or angled before, during, and
ening to any position that)is necessary to examine the enclosure. The probe
nd Figure 10.3 shall be applied in any possible configuration; and, if n
hall be changed aftérinsertion through the opening.

after insertion
5 illustrated in
bcessary, the

Hetermine the
material; they

a) An indirectly accessible motor is a motor that is accessible only by opening or removing a part of
the enclosure, such as a guard or panel that can be removed without the use of a tool, or that is
located at such a height or is otherwise guarded or enclosed so that it is unlikely to be contacted;

and

b) A directly accessible motor is a motor that can be contacted without opening or removing any
part or is so located as to be accessible to contact.

10.6 During the examination of equipment to determine compliance with 10.1 or 10.2, a part of the
enclosure that can be opened or removed by the operator — either without the use of a tool or with
instructions given to the user to open or remove the part of the enclosure — is to be opened or removed.
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11 Protection Against Corrosion

11.1  Aniron or steel part shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means, if the deterioration or breakage of the part is likely to result in a risk of fire, electric
shock, or injury to persons.

Exception No. 1: For constructions where the oxidation of iron or steel due to the exposure of the metal to
air and moisture is not likely to be appreciable — thickness of metal and temperature also being factors —
surfaces of sheet steel and cast iron parts within an enclosure need not be protected against corrosion.

Exception No. 2: This requirement does not apply to bearings, laminations, or to minor parts of iron or

steel, such as

washers, screws, and the like.

11.2 If the fi
resultin a risk
that is resista

12 Supply (

121 Cord ¢

12.1.1 Cord
plug for conng

Exception No
when the equ
as described

Exception No
without provis
manual conta

12.1.2 Afle
shall have a G

12.1.3 Afle

contact with the floor'and could be subjected to abuse, shall be Type G, SO, STO, or W.

hilure of a gasket, seal, or liquid container provided as a part of the eguipm
of fire, electric shock, or injury to persons; the gasket, seal or container shall b
Nt to corrosion by the liquid intended to be used therein.

Connections
onnected equipment

connected equipment shall be provided with a flexible cord and a grounding ty
ction to the supply circuit.

1: Plugs need not be furnished on non-detachable power cords provided
ipment is marked in accordance with 82.4, and the instruction manual contai
n 85.7 concerning the proper selectiofy of the plug.

. 2: Equipment intended to_be-used with a detachable power supply cord
jon of the supply cord if the.equipment is marked in accordance with 82.4, and|
ins instructions as described in 85.7 concerning the proper selection of the sup

ible cord shall be-tated for a voltage not less than the rated voltage of the e
urrent rating not’less than the current rating of the equipment.

ible cord{for'use on movable or stationary floor supported equipment, where

ent is likely to
e of a material

pe attachment

ith equipment
ns instructions

is acceptable
the instruction
ply cord.

quipment, and

the cord is in

12.1.4 Afle

ible cord for use on equipment other than specified in 12.1.3 shall be Typ4

G, SO, SJO,

SJEO, SJOO, SJTO, SITOO, SO, STO, or W, or a type at least equally serviceable for the particular

application.

12.1.5 A flexible cord shall be attached permanently to the equipment or shall be in the form of a

separate cord

set with means for connection to the equipment, such as an attachment plug.

12.1.6 The length of an attached flexible cord, including the attachment plug, shall not be less than 1.8 m

(6 feet).

Exception: A supply cord provided for use for other than direct connection to the branch circuit, such as a
power supply cord for cabinet to cabinet power, may have an overall length less than 1.8 m (6 feet).
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12.1.7 An attachment plug, provided with equipment with provision for use on two or more different
values of voltage, either by field alteration of internal connections or by a voltage selector switch, shall be
rated for the highest voltage rating on the equipment.

12.1.8 The equipment grounding conductor of a non-detachable power supply cord shall be green with
or without one or more yellow stripes.

12.2 Strain relief
12.2.1 Strain relief shall be provided on a non-detachable flexible cord to reduce the risk of mechanical

stress being transmitted to terminals, splices, or interior wiring. See Strain Relief Test, Section 65. A knot
in the flexible cord is not considered an acceptable form of strain relief.

12.2.2 A me}al strain relief clamp or band provided in accordance with 12.2.1 shall, be [provided with
auxiliary insul@tion over the cord if damage to the cord insulation results when the strain relief test is
conducted without auxiliary insulation.
12.2.3 Mean ment through
the cord entry

5 shall be provided to prevent a flexible cord from being pushed.into the equig
hole if such displacement would:

a) Result in mechanical damage to the cord;

b) Expgse the cord to a temperature higher than that forwhich it is rated; or

c) Redyce spacings, such as to a metal strain reliefclamp, below the acceptable minimum values.

To determine ¢ompliance, the supply cord or lead shallbe tested in accordance with Push-back relief test,

65.3.
12.3 Bushings

12.3.1 At thg
the enclosure,

point where a non-detachable flexible cord passes through an opening in a wall, barrier, or
there shall be a bushing or the equivalent that is secured in place, and that has a smooth,
ed, if the wall

well rounded {
or barrier is of

12.3.2 A hol

urface against which the cord may bear. An insulating bushing shall be provig
metal, or if the Construction is such that the cord may be subjected to strain or

b in porcelain, phenolic composition, or other non-conducting material, havi

motion.

Nng a smooth,

rounded surfage, is_considered to be equivalent to a bushing.

12.3.3 In thelframe of a motor or in the enclosure of a capacitor attached to a motor (but not elsewhere in
the equipment), a separate soft-rubber, neoprene, or polyvinyl chloride bushing is acceptable if:

a) The bushing is not less than 1.2 mm (3/64 inch) thick; and

b) The bushing is located that it will not be exposed to oil, grease, oily vapor, or other substances
having a deleterious effect on the compound employed.

12.3.4 A bushing of the same material as, and molded integrally with, a supply cord is acceptable if the
built-up section is not less than 1.6 mm (1/16 inch) thick at the point where the cord passes through the
enclosure.

12.3.5 At a point of flexure, no additional flexible cords or wires shall be routed through a bushing or
opening with the power supply cord.


https://ulnorm.com/api/?name=UL 201 2023.pdf

APRIL 7, 2023 UL 201 27
12.4 Permanently connected equipment
12.4.1 Permanently connected equipment shall have provision for connection to a wiring system for the

supply circuit.

12.4.2 Sheet metal to which a supply circuit wiring system is to be connected shall not have a thickness
less than 0.81 mm (0.032 inch) if uncoated steel, not less than 0.86 mm (0.034 inch) if galvanized steel,
and not less than 1.14 mm (0.045 inch) if nonferrous.

12.5 Wiring

12.5.1
located so th
intended.

12.5.2 Ater
circuit wiring §

12.6 Wiring

12.6.1 Gara
conductors h{
rated for such

12.6.2 The f
more if the lea

Exception: A
risk of fire or ¢

12.6.3 A wirn
connector sha

Exception: A
intended for d

provided to hq

12.6.4 A wir

compartments

A termi

t wire connections therein are accessible for inspection after the equipment

minal box or compartment attached to the equipment and intendedder'connect
ystem shall be prevented from turning.

terminals and leads

ge equipment shall be provided with wiring terminals “for the connection of
ving an ampacity acceptable for the equipment; orithe terminals shall be provi
connection.

ree length of lead inside an outlet box orwiring compartment shall be 156 mr
d is intended for connection to the supply circuit conductors.

ead less than 156 mm in length js,acceptable if the use of a longer lead is like
lectric shock.

ng terminal shall be provided with a soldering lug or pressure terminal conneg
Il be securely fastened in place — for example, firmly bolted or held by a screw

onnection of &.10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the
Id the wire’ifl position.

ngterminal shall be prevented from turning.

ade shall be
is installed as

on of a supply

supply circuit

ded with leads

n (6 inches) or

ly to result in a

tor. The lug or

wire binding screw or stud and nut combination may be employed at a Wiring terminal

equivalent are

12.6.5 A wire binding screw or stud at a wiring terminal shall not be smaller than No. 10 (4.8 mm
diameter).

Exception: A No. 8 (4.2 mm diameter) screw or stud is acceptable at a terminal intended only for the
connection of a 14 AWG (2.1 mm?) conductor.

12.6.6 In accordance with the National Electrical Code, ANSI/NFPA 70, 14 AWG (2.1 mm2) is the
smallest size conductor that shall be used for branch circuit wiring, and thus is the smallest conductor that
is to be anticipated at a terminal for connection of a supply circuit wire.

12.6.7 A wire binding screw shall thread into metal. The screw shall engage to a depth of at least two full
threads into the metal, which shall be a minimum of 1.27 mm (0.050 inch) thick. Extrusion of the metal at a
tapped hole to provide at least two full threads is acceptable.
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12.6.8 Permanently connected equipment rated 125 volts or 125/250 volts (3 wire) or less and employing
a lampholder of the Edison screw shell type, or a single-pole switch or overcurrent protective device other
than an automatic control without a marked off position, shall have one terminal or lead identified for the
connection of the grounded conductor of the supply circuit. The identified terminal or lead shall be the one
that is electrically connected to screw shells of lampholders and to which no switch or overcurrent
protective device of the single-pole type, other than automatic control without a marked off position, is
connected.

12.6.9 A terminal intended for the connection of a grounded supply circuit conductor shall be of, or plated
with, metal that is substantially white in color and shall be readily distinguishable from other terminals, or
the terminal shall be clearly identified in some other manner, such as an attached wiring diagram.

inished white,
rom the other

12.6.10 A lead intended for the connection of a grounded supply circuit conductor shall be
gray, or white|with a colored stripe other than green, and shall be readily distinguishable-f

leads.
13 Internal Wiring
13.1 Mechanical protection

13.1.1  Wiring and connections between parts of equipment shall~be protected or enclos¢d so that the
conductor insylation is not exposed to contact with any rough, sharp; or moving part.

13.1.2 Insulg
protected as 1

ted wiring accessible through an opening in“an electrical enclosure is conpgidered to be
equired in 13.1.1 if the accessibility complies with Accessibility of Uninsulate¢d Live Parts,

Film-Coated V)
so secured wit

13.1.3 Anog
be provided w
the wires may

13.1.4 Insulg
bunched and j

13.2 Wiring

13.2.1 The i
considered wi

ire, and Moving Parts, Section 10. Internal wiring not so protected may be ac
hin the enclosure that it is not likely to’be subjected to stress or mechanical da

ening in the frame or enclosuré.of the equipment through which insulated wi

teptable if it is
mnage.

res pass shall

th a smooth, well rounded bushing or shall have smooth, well rounded surfacgs upon which

lie.

ted wires, complying. with the requirements of Separation of Circuits, Sectio
assed through a'single smooth opening in a wall within the enclosure of the ed

nsulation

hternal™wiring of garage equipment shall be of a type rated for the appl

n 17, may be
uipment.

cation, when
ure to oil and

h. respect to the temperature and voltage involved, with respect to its exposg

grease, and w

threspecttoothercorditionsof service towhichitissubjected:

13.2.2 The insulation of wiring used in a high voltage circuit shall have a flame retardant rating of VW-1
in accordance with the requirements in the Reference Standard for Electrical Wires, Cables, and Flexible
Cords, UL 1581.

13.2.3 Sleeving, tape, and tubing used for insulation on wires shall be rated for the voltage and
temperature involved.

13.3 Splices and connections

13.3.1 Splices and connections shall be mechanically secure and provide electrical contact. A soldered
connection shall be made mechanically secure before being soldered.
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13.3.2 Equipment subject to vibration shall be provided with lock washers or other means to
mechanically secure wire binding screws and nuts. A twist on type connector shall be additionally secured
to the wires by means of at least two layers of tape. Tape used for this means shall be suitable for use and
comply with the Standard for Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape, UL 510.

13.3.3 A splice shall be provided with insulation equivalent to that of the wires connected if spacing
between the splice and other metal parts is not maintained.

13.3.4 Insulation consisting of two layers of tape is acceptable on a splice if the voltage involved is less
than 250 volts. In determining if splice insulation is acceptable, consideration is given to such factors as its
dielectric properties, heat resistance, and moisture resistance. Tape shall not be wrapped over a sharp

edge.

13.3.5 Ifintq
opposite pols

upturned lugsg,

the screw. Ot
pressure term

13.3.6 Alum
interconnectia
method that ig

13.3.7 With
terminating d
temperature,

13.3.8 Forff|
National Elec

rnal wiring is stranded, loose strands of wire shall not contact other uninsulat
rity, or dead metal parts. At a wire binding screw, this may be accomplis
a cupped washer, barriers, or other equivalent means to hold the Wires und
ner acceptable means of retaining the loose stranded internal wifing' in positig
inal connector, soldering lug, or crimped eyelet.

num conductors, insulated or uninsulated, used, ds "internal wiring,
n between current carrying parts or as motor windings(shall be terminated at
acceptable for the combination of metals involvedd@at'the connection point.

reference to 13.3.6, a wire binding screw or-a pressure terminal connec
bvice shall be rated for use with aluminu® under the condition involved -
neat cycling, vibration, and the like.

oor-supported garage equipment that is located within the area defined as cl
rical Code, ANSI/NFPA 70, the 'external connectors shall be located not lesg

(18 inches) ahpove the floor level, and the product shall be marked in accordance with 83.11.

equipment th
garage, the e

Exception: G

bt is intended for use only~within the non-classified (ordinary) location of
uipment shall be marked-in accordance with 83.12.1.

brage equipment\with external connectors which are not inherently located &

(such as in ta

comply with th
14 Interco

14.1

ble top or wall-mounted equipment) and are marked in accordance with 8
is requiremient.

ecting Cords and Cables

ed live parts of
hed by using
er the head of
n are use of a

such as for
each end by a

or used as a
for example,

pssified by the
than 460 mm
For all garage
h minor repair

bove 460 mm
3.72 need not

equipment or

between individual equipment, a flexible cord shaII be of a type specified in 12.1.3 or 12 1.4 based on the
type of equipment, or an equivalent flexible cable assembly shall be used.

Exception No. 1: A type of flexible cord or flexible cable assembly other than specified is acceptable for
connection of a low-voltage, limited-energy circuit.

Exception No. 2: A type of flexible cord or flexible cable assembly other than specified is acceptable if the
equipment complies with the Cable Arcing Test, Section 71.

14.2 A permanently attached cord or cable shall be provided with a bushing, strain relief, and means to
reduce the risk of the cord or cable from being pushed through the cord entry hole into the equipment, or
from experiencing any undue stress on internal connections.
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14.3 When inserting a male connector in a female connector, misalignment of male and female
connectors and other manipulations of parts that are accessible to the operator shall not result in a risk of
fire, electric shock, or injury to persons.

14.4 External cables shall not terminate in an exposed contact, unless the exposed contact is at ground

potential and provides no energy source.

15 Grounding and Bonding

15.1

current carryin
spacing or ins

Exception: Eq|
See 15.1.2.

15.1.2 Equip
shall comply
Equipment, Ul

15.1.3 Doub
marking (IEC 4

15.1.4 With
energized:

a) Smg
is on th
electrig

b) A pg
cloth,
(1/32in

Grounding

me energized. There shall also be provision for grounding all internal, uni
g parts that can become energized and that can be contacted during setvicin
or service pefsonnel. A part shall be considered capable of becoming energized ‘if failur

Ilation or both can result in conductive connection to a current carrying part.

Lipment provided with a system of double insulation in lieu_of\grounding nee

ment marked as double insulated shall not be proyided with a means for g
vith the requirements in the Standard for DoubleNInsulation Systems for Us
| 1097.

e insulated equipment shall bear the marking indicating this fact. The squar
117, No. 5172) @ shall be indicated adjacent to the ratings on the device.

reference to 15.1.1, the following dead metal parts are not considered like

Il metal parts such as adhesive-attached foil markings, a screw, a handle, an
e exterior and sepatated from all electrical components by grounded metal g
ally isolated from alkelectrical components;

nel or cover that'is isolated from all components by a barrier of vulcanized fif
henolic composition, or other moisture resistant insulating material not less
ch) thick-that is secured in place;

c)Ap

nel, cover, or other metal part that does not enclose an uninsulated live pg

ductive parts
hsulated non-
g by the user
b of electrical

d not comply.

rounding and
e in Electrical

e in a square

ly to become

i the like, that
r is otherwise

ber, varnished
than 0.8 mm

rt and that is

electriqally/isolated from other electrical components;

d) A door or the like that can only become energized through a grounded part; or

e) Cores and assembly screws of relays, solenoids, and the like.

15.1.5 All non-current carrying conductive parts shall be bonded together and to the electrical supply
equipment grounding means in accordance with Bonding, 15.2.

15.1.6 Connection to the electrical supply equipment grounding means shall be accomplished by
connection to the equipment grounding conductor of the power supply cord.

15.1.7 An equipment grounding conductor of a power supply cord shall be connected to the grounding
blade of the attachment plug.
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15.1.8 The grounding conductor of a supply cord, or the grounding terminal of the appliance inlet, shall
be secured to the frame or enclosure of the equipment by means of a screw or a dedicated stud and nut,
that is not to be removed during servicing purposes other than servicing the cord. Solder alone shall not be
used for securing the grounding conductor.

Exception: A quick connect that complies with the requirements in 15.1.11 meets the intent of this
requirement.

15.1.9 A screw used to secure the grounding conductor to the frame shall engage the metal by at least
two full threads. The metal thickness shall not be less than 1.27 mm (0.050 inch) thick. Extrusion of the
metal is acceptable to increase the effective thickness. Only the supply cord grounding conductor shall be
secured by the grounding screw. The screw shall be used in conjunction with upturned lugs, a cupped

washer, or an
sheet metal s

15.1.10 A's

equivalent means, as needed to retain a 10 AWG conductor under the head
crew shall not be used.

fud and nut combination used to secure the grounding conductor\to the f

secured to the frame by welding the stud in place. The ground conductor shall bg-connected

contact with t
may be conn
secured by sq

15.1.11

a) The
that aff

b) The

c) The
Termir

15.1.12 The
member of an

he frame and secured in place by a dedicated nut and lock washer. Other bo
ected to the stud, but they shall be connected above the_main ground c
parate nut and lock washers.

A quiick connect used in accordance with the Exceptiontov15.1.8 shall comply with

quick connect terminal connection shall not¢be*in an area subject to mecha
fect the continuity of the connection;

terminal shall be in a location that is not'subject to disturbance during servicin

male and female connections shall comply with the Standard for Electrical
als, UL 310.

grounding conductor of cord connected equipment shall be connected to
attachment plug. The grounding member shall be fixed.

15.1.13 A sg¢parable connection, such as that provided by an attachment plug and a matin

receptacle, s
broken after d

15.1.14 For
connection to|

isconnection.from the supply conductors.

equipment intended to be grounded and that is provided with a meang

pf the screw. A

rame shall be
first and be in
nding jumpers
bnnection and

the following:

nical stresses

y; and

Ruick-Connect

the grounding

g connector or

nall be such that the equipment grounding connection is made before conmpection to and

for separate
with a means

more than one power supply source, each such connection shall be provided

for grounding.

15.1.15 The principal equipment grounding conductor or path shall not include a trace of a printed wiring
board.

15.1.16 Grounding conductors shall be either bare or insulated. When insulated, the surface of the
insulation shall be green with one or more yellow stripes.

15.1.17 A wire binding screw intended for the connection of an equipment grounding conductor shall
have a green colored head that is hexagonal shaped, slotted or both.

15.1.18 Any connection intended for connection of an equipment grounding conductor shall be plainly

identified with the ground symbol in a circle (IEC 417, No. 5019) @ This mark shall not be used for any
other bonding terminals.
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15.1.19 The voltage drop between the point of connection of the equipment grounding conductor, at or
within the equipment, and any other point in the grounding circuit shall not be more than 4 volts when
measured as described in the Grounding Circuit Reliability Test, Section 57.

15.2 Bonding

15.2.1 A conductor, including a strap, jumper, or similar part, that is used only for bonding shall:

a) Be of copper, copper alloy, aluminum, or other material that has been investigated and found
acceptable for use as an electrical conductor;

b) Be protected from mechanical damage;

c) Not
the bor

d) Hav

15.2.2 Metal

between dissimilar metals.

15.2.3 Bond

Terminals co
310, are acce

soldered or briazed joint using materials having a softening or melting point higher than 4

a) For
inch).

b) For

¢) Quio

15.2.4 A bor
upturned lugs,
under the hea

15.2.5 A bor
enamel.

be secured by a removable fastener used for any other purpose other than’h
ding conductor is not likely to be omitted after removal and replacement©f the

b the flexibility needed to withstand mechanical stress due to vibratienof flexin

parts in a bonding path shall be galvanically compatible so as.to reduce eleq

plying with the requirements in the Standard for Electrical Quick-Connect
table to connect bonding conductors in sizes 19— 14 AWG under the following

conductor sizes 18 — 16 AWG, the minimum connector and tab width shall be ?

tonductor size 14 AWG, the minimum connector and tab width shall be 6.4 mm

k connect tabs shall not be less than 0.8 mm (0.032 inch) thick.

ding screw shall engage at least two full threads and shall be used in co
a cupped washer;-0ran equivalent method that is capable of retaining a 10 A
i of the screw.

ding confieetion means shall penetrate nonconductive coatings, such as pa

bnding unless
fastener; and

y during use.

trolytic action

ng shall be by a positive means, such as by a clampy rivet, bolt, screw, welded joint, or a

b4°C (850°F).
ferminals, UL
conditions:

.8 mm (0.110

(0.250 inch).

hjunction with
VG conductor

nt or vitreous

15.2.6 A me

alto-metal hinge bearing member of a door or cover used as a means for bir

ding the door

or cover shall be of the multiple-bearing —pin (piano) type.

15.2.7

In a product provided with a power supply cord and an attachment plug:

a) A copper bonding jumper, including a clamp or strap, shall have a cross sectional area not less
than that of the equipment grounding conductor of the power supply cord.

b) An aluminum bonding jumper, including a clamp or strap, shall have a cross sectional area not
less than that of a conductor two AWG sizes larger than the circuit equipment grounding conductor
of the power supply cords.

Exception: A conductor, including a strap, jumper, or similar part, for a component or electrical enclosure,
need not be larger than the largest conductors supplying power to the component or component adjacent
to the dead metal parts.
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16 Current Carrying Parts

16.1
for the particu

lar application.

A current carrying part shall be silver, copper, a copper alloy, stainless steel, or other material rated

16.2 Ordinary iron or steel shall not be used for a current carrying part unless it is within a motor or
associated governor.

17 Separati

on of Circuits

17.1  Conductors of different circuits operating at different potentials shall be separated or segregated

from each other unless each conductor is provided with insulation acceptable for the highest potential

involved.

17.2 Anins
different circu

17.3 Inaco
connection off
be provided t
shall be such
circuits includ
18 Insulatir
18.1 Insulat

porcelain, pHh
requirements

18.2 Ordina
but shall not
warpage is lik

18.3 A thern
all of the follo

a) Ade

b) Ade

Illated conductor shall be positioned so that it cannot contact an uninsulated
t.

mpartment that is intended for field installation of conductors, and that contain
Class 2 or Class 3 circuit conductors, and Class 1, power<or lighting circuits;
b separate the conductors of the different circuits, or the-arrangement of thg
that a minimum of 6.4 mm (1/4 inch) is maintained, between the conductd
ng the conductors to be field installed.

g Material

ng materials, used in circuits othersthan low-voltage, limited-energy cirg

in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluati

'y vulcanized fiber is acceptable for insulating bushings, washers, separators
be used as the sole support for uninsulated live parts if shrinkage, curre
ely to result in a risk of fire, electric shock, or injury to persons.

noplastic material shall not be used for the sole support of live parts unless it
ving:

quate mechanical strength;

quaterigidity;

live part of a

s provision for
a barrier shall
compartment
rs of different

uits, shall be

enolic composition, or other similar material, and shall comply with the applicable

bns, UL 746C.

, and barriers,
nt leakage, or

complies with

c) Resistance to heat;

d) Resistance to flame propagation;

e) Diel

f) Resi

ectric withstand; and

stance to abnormal heat.

18.4 Small molded parts, such as brush caps, shall be constructed to have adequate mechanical
strength and rigidity to withstand the stresses of service. Brush caps shall be secured or located to be
protected from mechanical damage that may result during normal use.
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19 Motors

19.1

19.11

Construction

Rotating Electrical Machines — General Requirements, UL 1004-1.

A motor used in garage equipment shall comply with the relevant requirements in the Standard for

19.1.2 A motor shall be rated for the particular application and shall operate under the maximum normal
load as described in 57.2 without resulting in a risk of fire, electric shock, or injury to persons.

19.1.3 A motor winding shall resist the absorption of moisture as determined by Humidity Conditioning,

Section 55.

19.1.4  With

reference to 19.1.3, film coated wire is not required to be additionally, itre

absorption of fnoisture, but fiber slot liners, cloth coil wrap, and similar moisture absorptive r

be provided wi
19.2 Locatidg

19.2.1 For fl
National Elect
above floor le
is intended fq
equipment sha

Exception No,
Class |, Divisi
appropriate, a
requirement.

Exception No.
the floor level
not required td
19.3 Brush)

19.3.1 A bru

th impregnation or otherwise treated to resist moisture absorption.
n

por-supported garage equipment that is located within¢the area defined as cle
fical Code, ANSI/NFPA 70, the motor shall be installed not less than 460 m
el and the product shall be marked in accordance with 83.11. For all garage e
r use only within the non-classified (ordinary)location in a minor repai
Il be marked in accordance with 83.12.1.

1: Garage equipment provided with_a.motor evaluated for use in Class |,
bn 2, or Class I, Zone 0, or Class{,<Zone 1, or Class I, Zone 2, Hazardous
5 defined in the National Electrical Code, ANSI/NFPA 70, is not required to co

2: Garage equipment with motors which are not inherently located above 4
such as in table-top or wall mounted equipment) that is marked in accordance
comply with this requirement.

vear out

sh holder assembly shall be constructed so that when a brush is worn ou

ated to resist
haterials shall

ssified by the
m (18 inches)
quipment that

garage, the

Division 1, or
Location, as
mply with this

60 mm above

with 83.12, is

t — no longer
be retained to

capable of pefforming its function — the brush, spring, and other parts of the assembly shall
the degree required so as not to result in accessible dead metal parts to become energized

pr live parts to

become accessible.

19.4 Motor overload protection

19.4.1
protection to p

rotect the equipment under a locked rotor or overload condition, by means of:

Continuous duty motors used in garage equipment shall incorporate thermal or overload

a) Thermal and impedance protection complying with the applicable requirements in the Standard
for Impedance Protected Motors, UL 1004-2, or the Standard for Thermally Protected Motors, UL
1004-3 when the motor is tested as used in the equipment under stalled rotor conditions or
overload conditions; or

b) An appropriately sized magnetic motor starter (motor contactor and motor overload relay
combination) complying with the applicable requirements of Part Il of the Standard for Industrial
Control Equipment, UL 508; or
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c) An appropriately sized manual motor starter (motor contactor and motor overload relay
combination) complying with applicable requirements of Part Ill of the Standard for Industrial
Control Equipment, UL 508; or

d) Other protection that is shown by test to be equivalent to the product specified in (a). Testing
shall be conducted in accordance with Motor Tests, Section 60.

Exception: Motor overload protection need not be provided with the equipment where the equipment is
marked according to Section 83.22.

19.4.2 The functioning of a motor protective device provided as part of garage equipment shall not result
in a risk of fire, electric shock, or injury to persons.

19.4.3 Overload devices and fuses employed for running overload protection, other than|those that are
inherent in a motor, shall be located in at least one ungrounded conductor of a singlephase [supply system
and in each uhgrounded conductor of a three phase supply system.

19.4.4 Inreference to 19.4.3, an overload protective device is one that is responsive to mofor current and
is rated or sef as specified in column A of Table 19.1. If the rating of the metor running overload protection
determined in accordance with the foregoing does not correspond to a“standard size or rgting of a fuse,
nonadjustablg circuit breaker, thermal cutout, thermal relay, or heating element of a thermal trip motor
switch, the ngxt higher size, rating or setting may be used, but-shall not be more than thiat specified in
column B of Table 19.1. For a multispeed motor, each winding.connection is to be consideredl separately.

Table 19.1
Maximum rating or setting of.overload-protective device

Ampere rating of device as a percentage of motor full-load
current rating
Type of motor A B
Motor with marljed service factor of 1.15 or maore 125 140
Motor with marljed temperature rise of 40¢C or less 125 140
Any other moto 115 130

19.4.5 A mgtor intended\to move air only by means of an air moving fan that is integrally attached to the
motor shaft is|not reqaired to have running overload protection, but it shall have locked rotor [protection.

19.4.6 For g multispeed motor that employs a separate overload protective device to pfovide running
overload prOt-ut;un, the—requtrements—in—194-tapplies—at-al-speeds—at-which—themotor'is intended to

operate.

20 Capacitors

20.1 A capacitor, provided as part of a capacitor motor, shall be housed within an enclosure that will
protect the plates against mechanical damage and that will reduce the risk of the emission of flame or
molten material as a result of malfunction of the breakdown of the capacitor. Compliance with this
requirement shall not rely on the body of the capacitor alone.

20.2 A capacitor that is connected across the supply circuit shall comply with Fixed capacitors for use in
electronic equipment — Part 14: Sectional specification — Fixed capacitors for electromagnetic interference
suppression and connection to the supply mains, IEC 60384-14, subclass X1 or X2. A capacitor that is
connected between the supply circuit and exposed metal parts shall comply with IEC 60384-14, subclass
Y1,Y2, or Y4,
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20.3 A capacitor employing a liquid or wax dielectric medium more combustible than askarel shall
comply with the requirements in the Standard for Capacitors, UL 810.

20.4 A capacitor shall have a marked voltage rating that is equal to, or exceeds, its operating voltage in
the equipment.

21 Lampholders

21.1 A screw shell or screw shell contact of an Edison-screw lampholder shall be wired so that the screw
shell is connected to the grounded conductor of the power supply circuit or the grounded conductor of the
supply cord.

Exception: A 3
this requireme

crew shell lampholder installed in a low-voltage, limited-energy circuit need n(
nt.

bt comply with

21.2 A medi
volts.

Im based screw shell lampholder shall not be used in a circuit operating at more than 150

21.3 Lamphg
of the lamphol

Iders shall have all wiring terminations and connections enclosed within the ir
der or they shall be enclosed is a suitable manner.

sulating body

22 Printed Wiring Boards

22.1 A printe
UL 796 and sHh

d wiring board shall comply with the requirements in the Standard for Printed
all have a minimum flammability rating ofi¥=1 minimum.

Viring Boards,

22.2 Printed
0.4 mm (1/64 i

wiring boards, consisting of multiple‘populated layers, shall have a minimum thickness of

nch) for each layer of the board.

23 Receptagles

231 A15o0r
comply with t
grounding con
equipment is i

23.2 Each rg
general use s

20 ampere general Gise‘attachment plug receptacle shall be of the grounding
he requirementscin’the Standard for Attachment Plugs and Receptacles,
tact of the receptacle shall be connected to dead metal intended to be groun
N use.

ceptacle-circuit in equipment having one or more attachment plug receptacle
nallshave overcurrent protection rated not more than 20 amperes provided as

equipment wh

ype and shall
UL 498. The
ded when the

5 intended for
a part of the

en_the overcurrent protection of the branch circuit to which the equipment is

connected in

accordance with the National Electrical Code, ANSI/NFPA 70, exceeds that intended for the receptacle.

23.3 For floor-supported garage equipment that is located within the area defined as classified by the
National Electrical Code, ANSI/NFPA 70, the receptacles shall be located not less than 460 mm (18
inches) above the floor level and the product shall be marked in accordance with 83.11. For all garage
equipment that is intended for use only within the non-classified (ordinary) location in a minor repair
garage, the equipment shall be marked in accordance with 83.12.1.

Exception: Garage equipment with receptacles which are not inherently located 460 mm above the floor
level (such as in table top or wall mounted equipment) that is marked in accordance with 83.12, is not
required to comply with this requirement.

23.4 Powered cabinets provided with a general-purpose receptacle shall be marked in accordance with
84.1 at the receptacle so that the combined ampacity of the product operated under maximum normal load
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and the equipment connected to the receptacle does not exceed the rating of the product. A general
purpose receptacle shall not increase the risk of fire, electric shock, or other injury to the user.

23.5 The face of a general-purpose receptacle shall:

a) Be flush with or project beyond a nonconductive surrounding surface, or

b) Proj

23.6

ect at least 0.4 mm (0.015 inch) beyond a conductive surrounding surface.

receptacle shall comply with the Spill Test, Section 72.

24 Switchefand Controls

241

2411 Asw
load it control

24.1.2 With
motor, such 4
full-load curr
acceptable fo

24.1.3 Aling
than an auton
for connectiorn

24.2 Locati

2421 Forf
National Elec
not less than
83.11. For all
a minor repaif

Exception Ng.

evaluated for
Class I, Zon

General

In a powered cabinet, the face of a receptacle mounted on the work surface shall be vertical or the

tch, or other control device, shall have a current and voltage rating-hot less t

h

D.

reference to 24.1.1, the current rating of a switch that controls an inductive log
s a transformer or an electric discharge lamp ballast; shall not be less than {
ent of the transformer or ballast unless the switch has been investigat
" the application.

connected, single-pole switch or an overload protective device of the single-p
hatic control without a marked off position;-shall be connected to a terminal or
to an ungrounded conductor of the supply circuit.

DN

oor-supported garage equipment that is located within the area defined as cl
rical Code, ANSI/NFPA 70, a switch, relay, solenoid, or other control device sh
460 mm (18 inches).above floor level, and the product shall be marked in ag
garage equipment that is intended for use only within the non-classified (ordin
garage, the equipment shall be marked in accordance with 83.12.1.

1. Garage equipment provided with a switch, solenoid, relay, or other (
use in-a Class I, Division 1 or Class I, Division 2, or Class I, Zone 0, or Clas
b 2\ Hazardous Location, as appropriate, as defined by the National E

han that of the

d other than a
wice the rated
ed and found

ole type, other
lead intended

bssified by the
all be installed
cordance with
ary) location in

rontrol device,
s |, Zone 1, or
ectrical Code,

ANSI/NFPA 70,

is not rpr;ulirprl ta r‘nm’nly with this rpr;mirpmpnf

Exception No. 2: Garage equipment provided with control devices that are not inherently located 460 mm
above the floor level (such as in table top or wall mounted equipment) that is marked in accordance with
83.12, is not required to comply with this requirement.

24.3 Controls for solenoids, relay coils, and the like

24.3.1

A switch or other control device which controls a solenoid, relay coil, or the like, and that is not

rated for the application shall perform acceptably when subjected to the overvoltage test described in

66.1.2.

24.4 Controls for motors

2441

A switch or other device that controls a motor shall comply with 66.2.2.
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24.5 Contro

2451

Is for medium base lampholders

or indicating lamp:

a) Shal

| be suitable for use with tungsten filament lamps;

A switch that controls a lampholder for an incandescent lamp other than a 15 watt or smaller pilot

b) Shall have a current rating greater than or equal to six times the steady state tungsten load for
alternating current or ten times the steady state load for direct current; or

c¢) Shal
24.6 Actuati
24.6.1 Devic

injury to perso

246.2 Each
compliance wi

246.3 A mo
position, if wh
risk of injury to

24.6.4 The ¢
operation of th

24.6.5 Guarg

246.6 A dey
protective dev|
will not result i

25

25.1
25.9.

25.2 The ints

Interlocks

An inteflock required-{o reduce the risk of electric shock or injury to persons shall comj

| comply with the test prescribed in 66.3.1.

on-of switches-and-conirols

s shall be constructed such that unexpected operation of a part shall ot fes
ns.

function of multiple-function equipment is to be taken into consideration i
th 24.6.1.

or control switch, other than a momentary contact switch, shall have a plair
bn energized the equipment has a moving part and'the switch is relied upon
persons.

ctuator of a switch shall be located or guarded so as to reduce the risk of
e switch, when said operation may result‘in.a risk of injury to persons.

ing of the actuator of a switch shall be’by means of recessing, ribs, barriers, of

ice that automatically starts\equipment, such as a timer, an automatically r
ce, or the like, shall not beremployed unless it can be demonstrated that auto
n a risk of injury to persons.

rlock-device shall not be defeated readily without:

ult in a risk of

h determining

ly marked off
to reduce the

unintentional

the like.

eset overload
matic starting

bly with 25.2 —

a) Damaging the equipment;

b) Making wiring connections or alterations;

¢) Using other than ordinary tools; or

d) Using materials other than those readily available. Adhesive tape, string, or conventional

extensi

on cord sets are identified as readily available.

25.3 The interlock device shall be such that during normal operation and user servicing:

a) The interlock is not defeated by improper disassembly, for example, removal of the wrong

SCrews

during removal of the cover;
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b) The cover in which the interlock is mounted shall not be rotated by its own weight about the
interlock axis perpendicular to the cover during any stage of its removal or replacement, if such
rotation gives access to a live part, or damages the interlock or cover;

c) The act of removal or replacement of the interlocked cover shall not subject the user to
unintentional contact with live parts;

d) The interlocked cover is not capable of being readily misapplied to result in a risk of electric

shock;

e) The
254

shall be spac
one individua

25,5 Withre
the opening,
replacement ¢

25.6 Aninte

25.7 An act
operation. Se

25.8 Operaf]

deliberate defeat of the interlock.

259 Ifanin
in place wher
the guard rem
26 Overloa

26.1 Anove

26.2 An aut

end of 200 operations,/the device shall be able to perform its intended function with no ad

fire, electric s

and

equipment is marked in accordance with 83.10.
bd from each other and from live parts so that, if the means are operated sim
, contact with live parts shall not occur.

ference to 25.2(c), parts that are recessed more than 64 mm (2-1/2\inches) frq
normally in the plane of the cover, are excluded when determining that the ac
f a cover will subject the user to unintentional contact with live\parts.

rlock shall comply with the Interlocks, 66.4.

Jator of an interlock switch shall be so located s0 as to reduce the risk o]
b 24.6.5.

on of an interlock in normal use shall net.inconvenience the operator so as

erlock is actuated by movement-ef a guard, the arrangement shall be such th
the interlock is in the open position that permits operation of the parts being
oved, the interlock shall comply with the requirements in 25.7.

i Protection
rcurrent or thertal protective device shall be acceptable for the particular appl

bmatic reset-device used to comply with 26.1 shall be cycled through 200 opsg

nock, or injury to persons. See Overload protective devices, 66.7.

If two momentary contact switches must be operated to energize the equipment, the arrangement

ultaneously by

m the edge of

of removal or

f unintentional

to encourage

at the guard is

guarded. With

cation.

rations. At the
ditional risk of

26.3 Afuse

involving a risk of electric shock shall be inaccessible:

a) To the user from outside the electrical enclosure; and

b) To the user during servicing as defined in Servicing, Section 40.

26.4 A fuse that can be serviced by the user shall be secured in a fuseholder that is constructed and
installed such that no uninsulated live parts will be exposed to contact by persons removing or replacing

the fuse.

26.5 The screw shell of a plug fuseholder and the accessible contact of an extractor type fuseholder shall

be connected

to the load.
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27 Information Technology Equipment

27.1 Power supplies complying with either the Standard for Information Technology Equipment Safety —
Part 1. General Requirements, UL 60950-1, or with the Standard for Audio/Visual, Information and
Communication Technology Equipment — Part 1: Safety Requirements, UL 62368-1, shall be considered
to comply with the requirements of this Standard.

27.2 Information Technology Equipment such as computers, monitors, printers, drives, modems, and the
like, employed in garage equipment, shall comply with either the Standard for Information Technology
Equipment Safety — Part 1: General Requirements, UL 60950-1, or with the Standard for Audio/Visual,
Information and Communication Technology Equipment — Part 1: Safety Requirements, UL 62368-1.

27.3 A liquid crystal display that is not covered by 27.2 shall comply with the Test for. Liquid Crystal
Displays, Secfjon 74.

28 Transforiers
28.1 Generdl
28.1.1 A trapsformer used for isolation of primary and secondary,cirCuits in garage equipment shall
comply with both the Standard for Low Voltage Transformers — PaftI: General Requiremenits, UL 5085-1

and the Standard for Low Voltage Transformers — Part 2: General Purpose Transformers, UL 5085-2; or
the transformgr shall comply with the requirements in 28.2 — 28.5.

28.2 Bobbin
28.2.1 The bpbbin of the transformer shall have aflammability class of V-1 minimum.
28.2.2 The bpbbin of the transformer shall comply with Abnormal Heat, Section 77.
28.3 Coil ingulation

28.3.1 The cpil of the transformershall be constructed to provide insulation between:
a) Primary and secondary windings, as specified in 28.3.2;
b) Primary windihgs and the core, as specified in 28.3.3;

c¢) Primary.windings and end bells, when provided, as specified in 28.3.4; and

d) Crossover leads and adjacent windings, as specified in 28.3.6.

28.3.2 Insulation between the primary and secondary windings shall be electrical grade paper, polyester
tape, or an equivalent material having a total thickness of not less than 0.3 mm (0.012 inches). Two or
more layers shall be provided. The insulation system used shall comply with the requirements in 28.4.

28.3.3 Insulation between the primary winding and the core shall be electrical grade paper, polyester
tape, or an equivalent material having a total thickness of not less than 0.3 mm (0.012 inches). The
insulation system used shall comply with the requirements in 28.4.

28.3.4 Insulation between the primary winding and the end bells of the transformer shall be electrical
grade paper, polyester tape, or an equivalent material having a total thickness of not less than 0.6 mm
(0.023 inch) when the insulation is in contact with the end bell. The insulation system used shall comply
with the requirements in 28.4.
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28.3.5 The insulation specified in 28.3.4 is not required if the spacings in Table 28.1 are met between the
primary windings and the end bells. If one half of the spacing is provided, the insulation may have a total
thickness of 0.3 mm (0.012 inch). If the entire spacing is provided, then no insulation is required.

Table 28.1
Minimum spacings for transformers
Over surface
Protected against deposition Not protected against
Potential involved, Through air, of dirt, deposition of dirt,

volts (rms) mm (inch) mm (inch) mm (inch)

0-50 1.6 (1/16) 1.6 (1/16) 1.6 (1/16)

51-150 1.6 (1/16) 1.6 (1/16) 3.2 (1/8)

151 -250 3.2 (1/8) 3.2 (1/8) 6.4 (1/4)
NOTE - The sppcings apply to coils, crossover leads, splices, uninsulated lead wires, and any turn©fithe primary winding to any

turn of the seco

hdary winding. The spacings do not apply to turn-to-turn spacings of a coil.

28.3.6 Insulation between the crossover leads and the adjacent windings shall be electricd
polyester tap¢, or an equivalent material having a total thickness not less then 0.3 mm (0.
insulation sysfem used shall comply with the requirements in 28.4.

| grade paper,
D12 inch). The

28.3.7 A total thickness of 0.15 mm (0.006 inch) shall be provided if one half of the spacing in Table 28.1

is provided. No insulation is required if the entire spacing i’provided.
28.4 Margin tape
28.4.1 The ¢nd windings for each layer on thetransformer shall be retained by positive means to prevent

displacement|of the end windings.

28.4.2 Individual insulating materials-tused to comply with 28.3.2 — 28.3.7 shall consist

f two or more
f one layer of
ithstand Test,
ectric Voltage

28.5.1 Humidi
described under Humidity Conditioning, Section 55.

equipment as

28.5.2 Dielectric strength testing shall be performed, before and after the conditioning described in
28.5.1, on all transformers. In reference to 28.3.3, the insulation system employed by the transformer shall
also comply with the Dielectric Voltage Withstand Test, Section 54.

28.5.3 Insulation resistance measurements, as described in the Insulation Resistance Test, Section 79,
shall be performed after the conditioning of 28.5.1 on all transformers used in garage equipment.

28.5.4 Overload tests shall be performed on all transformers used in garage equipment. Transformers
shall have each secondary loaded in turn, with all other secondary circuits loaded to normal load in order
to produce the maximum heating effect. The maximum temperatures allowed are shown in Table 28.2.
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Table 28.2
Permitted temperature limits for transformer windings under overload conditions
Maximum temperature
°C

Protection method Class A Class E Class B Class F Class H
Protection by inherent or external 150 165 175 190 210
impedance
Protection by protective device which 200 215 225 240 260
operates during the first hour
Protection by any protective device:
- maximp-afterfirst-hous 175. 190 200 215 235
- arithmgtic average during the 150 165 175 190 210

2nd hour and during the 72nd

hour

29 Secondary and Battery Circuits

29.1 Any cir¢uit supplied by an internal or external battery pack, alkaline cells, or other types of internal
batteries, are govered by the following requirements. For any circuit.connected to the automobile battery,
see Automobile Battery Circuits, Section 30.

29.2 If any spcondary circuit of more than 30 volts rms (42.4\volts peak), or 60 volts dc, is| connected to
the frame of the equipment, all exposed dead metal parts that may become energized, and all dead metal
parts within the enclosure that can be contacted by a person during user servicing and thatf may become
energized, shall be connected together.

29.3 A circuif supplied from a Class 2 sources-as described by the National Electrical Codg¢, ANSI/NFPA
70, need not b investigated.

29.4 A circujt supplied by a single source of supply, consisting of a battery or power sppply with an
isolating transformer, need not be investigated if:

a) The|open circuit potential or no-load output of the source is not more than 30 vdlts (42.4 volts
peak) qr 60 volts DG;

b) Thel| current-available to the circuit is limited so that the current under any congition of load,
including shert.circuit, is not more than 8 amperes after 1 minute of operation; and

c) The power available is not more than 250 VA.

See the Low-Voltage, Limited-Energy Measurements, Section 68.

29.5 If the available short circuit current of the power supply mentioned in 29.4 is not limited by design of
the source, but the circuit includes either a fixed impedance, a fuse, a nonadjustable manual reset circuit
protective device, or a regulating network — the circuit in which the current is limited in accordance with
29.7 need not be investigated.

29.6 In a circuit of the type described in 29.5, the battery or secondary winding of the transformer, the
fuse, circuit protective device, or regulating network, and all wiring up to the point at which the current and
voltage are connected to the circuits shall comply with the requirements in the standard for other than low-
voltage, limited-energy circuits.
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29.7 A fuse or circuit protective device used to limit the current in accordance with 29.5 shall be rated or

set at not more than the values specified in Table 29.1.

Table 29.1
Rating for fuse or circuit protector

Open-circuit potential, peak volts Current rating, amperes

nponent in the
gation of that

nnected to an

0-21.2 5

21.3-424 3.2
29.8 |If a regulating network is used to limit the voltage or current in accordance with 29.4 — 29.7, and the
performance may be affected by short circuit or open circuit malfunction of any single cor
network, the|likelihood of such malfunction occurring is to be determined by investi
component.
30 Automobile Battery Circuits
30.1 An autpmobile battery is considered an unlimited source. All cirfeuits and wiring cg

automobile battery shall comply with the requirements for primary cireuits.

30.2 Equipment comprising of an option or accessory which may connect to the automobil
adapter) shallfhave the connecting means evaluated for primary circuits.

30.3 If protgction components are incorporated inte'the adapter or accessory, the cir
protection shall comply with secondary circuit requirements. The protection shall comply
Protection, S¢ction 26.

31 Safety Gircuits

31.1 A safety circuit shall comply with_the requirements for primary circuits.

32 Adhesives

32.1 An adhesive that is.xelied upon to reduce the risk of fire, electric shock, or injury to
comply with the requirements for adhesives in the Standard for Polymeric Materials — U{

Equipment Evaluations; UL 746C.

b battery (12 V

Cuits after the
with Overload

persons, shall
e in Electrical

33 Spacing

33.1 The spacings specified in (a), (b), and (c) shall not be less than the values indicated i
Table 33.3, as applicable:

a) Between uninsulated live parts of opposite polarity;
b) Between an uninsulated live part and a dead metal part; and

c) Between an uninsulated live part and a low-voltage, limited-energy circuit.

n Table 33.1 —

Exception: The spacing requirements do not apply to the inherent spacings within a component of the

equipment, such as a snap switch, rated for the application. Such spacings shall co
requirements for the component.

mply with the
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Table 33.1
Minimum acceptable spacings other than at field wiring terminals and in motor circuits
Minimum spacings, mm (inch)
Potential involved,
volts Over surface Through air
0-50 1.2 (3/64) 1.2 (3/64)
51-125 1.5 (1/16) 15 (1/16)
126 — 250 25 (3/32) 25 (3/32)
251 -600 132 (1/2) 9.5° (3/8)
@ Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 2.5 mm over surface and
through air is acceptable between a dead metal part and film-coated wire that is rigidly supported and held in place on a coil.

Table 33.2
Spacings at field wiring terminals

Minimum spacings, mm (inch)

Between terminals and other uninsulated metal pafts not always
. of the-same polarity?
Potential Between terminals, through air -
involved, volts or over surface Over surface Through air
250 or less 6.4 (1/4) 6.4 (1/4) 6.4 (1/4)
More than 25( 13b (1/2) 130 (1/2) 9.5 (3/8)

@ Applies to the qum of the spacings involved where an isolated dead part is‘interposed. See 33.7.

b A spacing of nqt less than 9.5 mm, through air and over surface, is\acceptable at wiring terminals in a wiring comgartment or
terminal box if the compartment or box is integral with a motor.

Table 33.3
Spacings in motor circuits

Diameter of motor used in equipment?
178 mm.(Z:inches) or less? More than 178 mm (7 inchies)®
Potential Over surface, Through air, Over surface, Thrpugh air,
involved,
volts mm (inch) mm (inch) mm (inch) mm (inch)

0-125 25 (3/32)° 25 (3/32)° 6.4 (1/4) 3.2 (1/8)
126 — 250 25 (3/32)° 25 (3/32)° 6.4 (1/4) 6.4 (1/4)
251 - 600 130 (1/2)° 95 (3/8)° 13.0 (112) 95 (3/8)

@ The diameter of @ motor is the diameter of the Circle Circumscribing the stator frame measured in the plane of the laminations,
excluding lugs, fins, foxes, and the like, used solely for motor mounting, cooling assembly, or connection.

b Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 2.5 mm over surface and
through air is acceptable between a dead metal part and film-coated wire that is rigidly supported and held in place on a coil.

¢ For equipment employing a motor rated 249 W output (1/3 horsepower) or less, these spacings may not be less than 1.6 mm
(1/16 inch).

33.2 If an uninsulated live part is not rigidly fixed in position (by means other than friction between
surfaces), or if a movable dead metal part is in proximity to an uninsulated live part, the construction shall
be such that the required minimum spacing will be maintained.

33.3 In applying Table 33.3 to a circuit incorporating two or more motors of different sizes, the required
spacings in the circuit are to be based on the size of the largest motor in the circuit.
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33.4 The spacings in a motor shall comply with the spacing requirements in the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1.

33.5 At terminal screws and studs to which connection may be made in the field by means of wire
connectors, eyelets, or the like, the spacings shall not be less than those shown in Table 33.1 when such
connectors, eyelets, or the like, are in a position such that minimum spacings (opposite polarity and to

dead metal) e

33.6

Xists.

If an isolated dead metal part is interposed between or is in close proximity to:

a) Live parts of opposite polarity;

b) Al

c) A liy

the spacing m
the other part

not less than the minimum acceptable value specified in Table 33.1 — Table 3373, whichever

33.7 Aninst
otherwise be
it will not be a

Exception Nog
acceptable w

acceptable th

Exception No
be used if inv4

33.8 The s

"y ! al ol | b
C part aiiu ait TApPUsSTU UTal TTicial part, Ul

e part and a dead metal part that may be grounded;

5 mentioned, if the total spacing between the isolated dead metalipart and the

lating liner or barrier of vulcanized fiber or similar material'employed where a

[fected adversely by arcing, and shall not be less.than 0.8 mm (1/32 inch) thick

1: An insulating liner or barrier less thanc0.8 mm thick but not less than O
hen used in conjunction with an air spacing of not less than 50 percent of
Ffough air spacing.

2: A barrier of other than vulcanized fiber having a thickness less than that
bstigation shows it to be acceptable for the particular application.

bacings in secondary \and battery circuits shall comply with the diele

ay be not less than 1.2 mm (3/64 inch) between the isolated deadmetal part and any one of

other parts is
applies.

spacing would

ess than the minimum acceptable value shall be located or shall be of such material so that

4 mm thick is
the minimum

specified may

ctric strength

requirements|in the Dielectric Voltage-Withstand Test, Section 54.

Exception: Low-voltage, limited-energy circuits need not be investigated.
PROTECTION AGAINST-INJURY TO PERSONS

34 General

34.1 If the operation, including reasonably foreseeable misuse of the equipment, or maintenance of the
equipment, by the user involves a risk of injury to persons, means shall be provided to reduce the risk.

34.2 A functional attachment that is made available or recommended by the manufacturer for use with
the basic equipment is to be included in the evaluation of the equipment. Unless the manufacturer
recommends the use of two or more attachments at the same time, only one attachment at a time is to be
evaluated with the equipment.

34.3 A guard, a safety release, an interlock, or the like, if such a device is required, is to be investigated
with respect to the complete equipment, its operating characteristics, and the likelihood of a risk of injury to
persons. The investigation is to include consideration of the results of breakdown or malfunction of any
one component; but not more than one component at a time, unless one event contributes to another.
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35 Sharp Edges

35.1 An enclosure, a frame, a guard, a handle, or the like shall not be sufficiently sharp to constitute a
risk of injury to persons during normal use and maintenance.

Exception: This requirement does not apply to a part or portion of a part needed to perform a working
function.

35.2 Whenever referee measurements are necessary to determine that a part as mentioned in 35.1 is
not sufficiently sharp to constitute a risk of injury to persons, the method described in the Sharp Edge Test,

Section 73 is to be employed.

36 Guards

36.1 Arotor
persons shall
therewith.

Exception No.
required to be

Exception No.

36.2 With re
tools (to attac
removed.

36.3 A movi

in Accessibilit?

considered wi
a) The
b) The
c) The
d) The

e) The

bf a motor, a pulley, a belt, a gear, a fan, or other moving part that results/in a 1
be enclosed or provided with other means to reduce the risk con*uninten

1: A part or portion of a part that is necessarily exposed to.perform the work
enclosed and guarding shall be provided. See 36.4.

2: The rollers of a dynamometer are not required ta.comply with this requirem

erence to 36.1, a part of the enclosure that-may be opened or removed with
N an accessory, to make an operating adjustment, or for other reasons) is to

g part that involves a risk of injury to persons shall comply with the requirem
of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section 10
h respect to:

degree of exposure necessary to perform the intended function;
sharpness of the moving part;
Fisk of unintentional contact therewith;

speed-of the moving part; and

sk of injury to
fional contact

function is not
ent.
put the use of

be opened or

ents specified
and shall be

riskythat a part of the body would be endangered or that clothing could be eniiangled by the

moving

partresuttmgimaTiskof injury topersors:

These factors are to be considered with respect to both intended operation of the equipment and any
reasonably foreseeable misuse.

36.4 With reference to Exception 1 to 36.1, a guard shall be considered with respect to the following:

a) Removability without the use of a tool;

b) Removability for servicing;

c¢) Strength and rigidity;

d) Completeness;
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e) Creation of a risk of injury to persons such as a pinch point, and the necessity for additional
handling because of the increased need for servicing, such as cleaning, unjamming, and the like;

and

f) Self-

restoring.

36.5 An enclosure or guard over a rotating part shall:

a) Retain a part that, because of breaking or other reasons, may become loose or may separate

from a

rotating part; and

b) Retain a foreign object that may be struck and propelled by the rotating part.

36.6 If comg

a)Ac

b) An
potent

36.7 The m
injury to persd

such properti¢s as to meet the demand of expected use conditions.

37 Rotating

37.1 A rotaf
persons, shal

37.2 A rotaf
constructed tq
in a risk of inj{

37.3 To det
described in t

38 Parts Sybject to Bressure

38.1 Apres

uipment:
ntrol, such as a momentary contact switch, shall be provided; and

appropriate statement shall be provided in the instruction manual warning t
al risk.

bterial of those portions of a part adjacent to a moving. part considered to in
ns, the breakage or deterioration of which may resultvin a risk of injury to pers
or Moving Parts

ng or moving part, which if it should’become disengaged may result in a r|
be provided with a means to retain-the part in place under conditions of use.

ng or moving part, the breakage of which may result in a risk of injury to pe
reduce the likelihood of-its.breakage, or the release or loosening of the part, {
ry to persons.

brmine if equipment employing a series motor complies with 37.2, it is tg
ne Overspeed Test, Section 59.

sure, vessel having an inside diameter more than 152 mm (6 inches), subject

pressure mor

lete guarding of a moving part that could obviously cause injury to persons wJJuId defeat the
utility of the eI

he user of the

volve a risk of

pons shall have

sk of injury to

sons, shall be
hat may result

be tested as

ed to a gauge

e thram 102 kPa (15 psig), and etigibletobeTovered by the Natiomat Board

of Boiler and

Pressure Vessel Inspectors, shall be marked in accordance with the appropriate boiler and pressure
vessel code symbol of the American Society of Mechanical Engineers for a working pressure not less than
the pressure determined in accordance with 38.3.

38.2 A pressure vessel, that because of its application is not covered by the scope of the inspection
procedure of the American Society of Mechanical Engineers code, shall comply with the requirements in
38.3.

38.3 A part or an assembly that is subject to air or vapor pressure, including the vapor pressure in a
vessel containing only a superheated fluid, shall during normal or abnormal operation comply with the
Hydrostatic Pressure Device, Section 67. The test pressure shall be a pressure equal to the highest of the
following that is applicable:
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a) Five times the pressure corresponding to the maximum setting of a pressure-reducing valve
provided as part of the assembly, but not more than five times the marked maximum supply
pressure from an external source and not more than five times the pressure setting of a pressure-
relief device provided as part of the assembly;

b) Five times the marked maximum supply pressure from an external source, unless the pressure

is limited by a pressure-relief device in accordance with (a);

c) Five times the pressure setting of a required pressure-relief device;

d) Five times the maximum pressure that can be developed by an air compressor that is part of the
assembly unless the pressure is limited by a pressure-relief device in accordance with (a);

e) Five

Exception No
continuous tul
thickness of tu

Exception No.
Mechanical EH

1:

times the working pressure marked on the part.

This requirement does not apply to a section of a pressure system donstructed of
bing or lengths of tubing connected by hard soldered, brazed, or-welded joints if the wall
bing is not less than the value specified in Table 38.1.

2: This requirement does not apply to a pressure vesselkbearing the Ameri¢gan Society of
gineers code inspection symbol — other than the UM symbol — if the vessel is

marked with a

value of working pressure not less than that to which it is subjected duting normal or abnormal operation.

Table 38.1

Wall thickness for copper and steel tubing

Outside diameter, Minimum wall Maximum'gauge pressure to which tubing is subjected, MPa (psi)
thickness,
mm ({nch) mm (inch) Seamless copper Butt-welded steel Seamless steel
9.5 3/8) 0.41 (0.016) 3.45 (500) 414 (600) 6.89 (1000)
or smallel

12.7 1/2) 0.41 (0.016) 2.76 (400) 3.31 (480) 5.52 (800)
15.9 5/8) 0.41 (0.016) 2.21 (320) 2.65 (384) 4.41 (640)
15.9 5/8) 0.53 (0.021) 2.90 (420) 3.48 (504) 5.79 (840)
19.1 3/4) 0:53 (0.021) 248 (360) 2.98 (432) 4.86 (720)
191 3/4) 0.64 (0.025) 2.90 (420) 3.48 (504) 5.79 (840)
254 (1) 0.53 (0.021) 1.79 (260) 2.15 (312) 3.59 (520)
254 @ 0.64 (0.025) 2.21 (320) 2.65 (384) 4.41 (640)

38.4 A part supported or actuated hydraulically that due to pressure loss may result in a risk of injury to
persons shall comply with the Hydrostatic Pressure Device, Section 67, when tested at a pressure equal to
five times the maximum pressure that can be developed in the system.

39 Pressure Relief Devices

39.1 A means for relieving pressure shall be provided for a part in which pressure may be generated by
an external source of heat.

39.2 A pressure relief device, a fusible plug, a soldered joint, nonmetallic tubing, or equivalent pressure
relief means shall comply with the requirement in 39.1.
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39.3 A shut-off valve shall not be provided between the pressure relief device and the parts that it is
intended to protect.

39.4 A vessel having an inside diameter of more than 76 mm (3 inches) and subject to air or steam
pressure generated or stored within the equipment shall be protected by a pressure relief device.

39.5 The start to discharge pressure setting of a pressure relief device shall not be higher than the
working pressure marked on the vessel. The discharge rate of the device shall be adequate to relieve the
pressure.

39.6 A pressure relief device shall:

a) Be ¢onnected as close as possible to the pressure vessel or part of the system that it is intended
to protect:

b) Be installed so that it is accessible for inspection and repair, and cannot be rendered inoperative
so thaf it will not perform its intended function; and

c) Have its discharge opening located and directed so that:

1) Operation of the device will not deposit moisture en‘bare live parts or oh insulation or
components detrimentally affected by moisture; and

2) The likelihood of scalding persons is reduced.

39.7 A required control that limits the pressure in a vessgl shall function as intended so that the pressure
does not excg¢ed 90 percent of the highest pressure setting of the pressure relief device when tested as
prescribed in the Pressure Relief Test, Section 75.

40 Servicing

40.1 User sg¢rvicing includes the following:
a) Reglacement of a replaceable battery;
b) Replacement of a fuse;
c) Reglacement©flamps;

d) The cleaning of a display tube, if access to the parts to be cleaned can be gained jusing ordinary
tools elnd Wwithout removing the chassis or the display tube from the enclosure;

e) Adjustment of a marked adjustable control or adjustable component, when the adjustment can
be accomplished with the equipment in operation and without defeating any interlock;

f) Adjustment of an unmarked adjustable control when the adjustment can be accomplished without
a tool, with the equipment in operation and without defeating any interlock; and

g) Any other act that is described to the user in the user service manual.

40.2 Any handling, disconnection, or displacement, either intentional or unintentional, of a component of
a printed wiring assembly, a connector lead, cover, or similar part, that is likely during user servicing shall
not result in a risk of fire, electric shock, or injury to persons.
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41 Stability

41.1 Under all conditions of servicing and normal use, garage equipment shall not become physically
unstable to the degree that it becomes a risk of injury to operators and service personnel. A risk of injury to
persons shall not result when equipment is tested in accordance with the Stability Tests, Section 61.

Exception No. 1: Equipment that is intended to be hand supported or hand held need not be tested.
Exception No. 2: Equipment that is intended to be permanently mounted to the floor need not be tested.

42 Mounting

42.1 Units that are intended to be mounted to the wall, ceiling, or other permanent stricture, are to be
tested in accofdance with Mounting Tests, Section 63.

43 Strength|of Handles

43.1 A handle intended for lifting and carrying equipment shall be subjected“to the Handle| Test, Section
64.

SPECIFIC REQUIREMENTS FOR EQUIPMENT
44 General
44.1 The follpwing cover specific requirements for différent types of equipment covered by this standard.

442 For ea¢h type of equipment shown, thelspecific requirements will outline additignal points of
investigation In regard to use, safety, and.features only inherent to the particular piece of garage
equipment.

45 Wheel Balancers

45.1 A wheql balancer shall. be) provided with a guard over the wheel. The guard shall |be of a large
enough size tq:

a) Redyce the risK'of an object in the tire tread from being thrown at the user: and

b) Redyice.the risk of the user becoming entangled in the moving parts.

45.2 The requirements of 45.1 shall be verified for compliance by performing the Maximum Angular
Momentum Test, Section 76. When the angular momentum of the wheel is found to exceed the limits
specified in 76.3, the guard is required to completely cover the top 50 percent of the wheel.

45.3 A wheel balancer which requires a hood in accordance with 45.2, shall be provided with an
interlock, in accordance with Interlocks, Section 25, such that the wheel will not spin unless the wheel
guard is in position over the wheel.

454 Wheel balancers which do not exceed the limits specified in the Maximum Angular Momentum Test,
Section 76, are not required to have the guard interlocked.

45.5 A wheel balancer shall be marked in accordance with 83.19.

45.6 A wheel balancer, which is automatically controlled, shall be marked in accordance with 83.8.
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45.7 A wheel balancer shall be provided with a means to prevent the wheel from loosening during the
wheel balancing operation.

46 Dynamometers

46.1 Dynamometers intended to be installed at floor level (below 45.7 cm [18 inches]) shall be
investigated for use in a Class |, Division 2 area, as defined by the National Electrical Code, ANSI/NFPA
70, unless the product is intended for use only within the non-classified (ordinary) location in a minor repair
garage and the product is marked in accordance with 83.12.1.

46.2 Dynamometers intended to be installed below grade shall be investigated for use in a Class |,
Division 1 area as defined by the National Electrical Code, ANSI/NFPA 70.

47 Battery Testers

47.1 Battery testers that include a charging function in the device, shall be investigated in accordance
with the Standlard for Battery Chargers for Charging Engine-Starter Batteries, UL 1236.

47.2 Battery Testers that include a crank assist function in the device, ‘shall comply with the crank assist
test outlined in the Standard for Battery Chargers for Charging Engine-Starter Batteries, UL [1236.

48 Fluid Changing Equipment

48.1 Fluid Ghanging Equipment shall be investigated te>determine compatibility between the fluid and
the materials [t will contact, such as the reservoir material and hoses.

49 Powered and Non-Powered Cabinets

49.1 A cabipet that has multiple sections that are intended to be mechanically connected| together shall
be subjected {o the Loading Tests, Section-62.

49.2 The capinet shall be provided with all parts required to mechanically connect the segtions together
and shall be grovided with installation instructions. See Instruction Manual, Section 85.

50 Automotive Lifts

50.1 Only the electrical requirements of the lift are tested in accordance with this $tandard. The
mechanical r¢quirements for automotive lifts must also comply with the Standard for Aut¢motive Lifts —
Safety Requirements for the Construction, Testing, and Validation, ANSI/ALI ALCTV.

PERFORMANCE
51 General

51.1 Garage equipment having both alternating current (ac) and direct current (dc) ratings is to be tested
with the equipment connected to an alternating current supply and again to a direct current supply, unless
it can be established that one test will result in the most severe operating conditions.

51.2 A lead, connector, or component that is accessible during normal operation or user servicing is to
be connected for normal operation and is to be arranged in any position likely after user servicing.

51.3 Cheesecloth used in tests is to be bleached cheesecloth having an area of approximately 26 — 28
m?/kg mass (14 — 15 square yards per pound mass) and having what is known in the trade as a "count of


https://ulnorm.com/api/?name=UL 201 2023.pdf

52

UL 201

APRIL 7, 2023

32 by 28", that is, for any square centimeter, 13 threads in one direction and 11 in the other direction (for
any square inch, 32 threads in one direction and 28 threads in the other direction).

51.4 All tests are to be conducted in a room free of drafts.

51.5 Equipment intended for connection to an ac mains supply shall be tested over a tolerance of plus 6

percentand m

inus 10 percent, unless:

a) The rated voltage is 230 V single phase or 400 V three phase, in which case the tolerance shall
be taken as plus 10 percent and minus 10 percent;

b) A wider tolerance is declared by the manufacturer, in which case the manufacturer’s declared

toleran

51.6 When t{
taken into acc

1 Hl ]
LT Slliadll VT USTU.

bsting equipment designed for dc connections, the possible influence,\of po
bunt.

51.7 Garagelequipment rated 50 — 60 hertz or 50/60 Hz, is to be tested at 50 and 60 hertz.
52 Input Test
52.1 The cufrent or power input to garage equipment shall not ‘exceed more than 110 j

rated value wh
Maximum load

52.2 Garage
accordance w

53 Leakage

53.1 Cord ¢
grounding cor
current shall n
to primary po

en the equipment is operated under the conditien of maximum normal load a
, 57.2, and measured with a suitable device.

equipment with a measured input rating of less than 1 ampere may I
th 82.2.

Current Test

bnnected garage equipment, excluding cabinets, rated 240 V or less, and
ductor, is to be tested for leakage current in accordance with 53.2 — 53.4.

arity shall be

ercent of the
5 described in

e marked in

employing a
The leakage

ot be more than 3.6.mA. Systems of interconnected equipment with individug
wer shall have.each piece of equipment tested separately. Systems of i

| connections
terconnected

equipment wit
The tests spe
Appendix A, ¢
shown. When
equipment is t
the possibility

N one comman ‘eannection to primary power shall be treated as a single piece jof equipment.
cified in 532~ 53.6 are to be performed using the measuring instrument described in
r any otheér circuit giving the same results, and using an isolating supply tfansformer as
the .Use”of an isolating transformer does not meet the intent of this requirement, the
b bé.mounted on an insulating stand, not earthed, and precautions are to be tgken in view of
pfithe body of the equipment being at a primary voltage.

53.2 All exposed conductive surfaces are to be tested for leakage currents. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually as well as collectively
where simultaneously accessible, and from one surface to another if simultaneously accessible. A part is
considered to be exposed unless it is guarded by an enclosure that is acceptable for protection against the
risk of electric shock in accordance with Accessiblility of Uninsulated Live Parts, Film-Coated Wire, and
Moving Parts, Section 10. Surfaces are considered to be simultaneously accessible if they can be readily
contacted by one or both hands of a person at the same time. These measurements do not apply to
terminals operating at voltages that are not considered to involve a risk of electric shock, see 29.4. If all
accessible surfaces are bonded together and connected to the grounding conductor of the supply circuit
cord, the leakage current may be measured between the grounding conductor and the grounded supply
conductor. If exposed dead metal parts of a product are connected to the neutral supply conductor, this
connection is to be open during the test.
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53.3 If a conductive surface other than metal is used for an enclosure or part of the enclosure, leakage
current is to be measured using a metal foil with an area of 10 by 20 centimeters (4 by 8 inches) in contact
with the surface. If the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as
the surface.

53.4 Unless the meter is being used to measure leakage from one part of the equipment to another part
of the equipment, the meter is to be connected between accessible parts and the grounded supply
conductor.

53.5 Single phase equipment intended for operation between one phase conductor and neutral is to be
tested using the circuit of Figure 53.1 with the selector switch in each of the positions 1 and 2. For each
position of the selector switch, any switches within the equipment, controlling primary power and operated
in normal use, are to be opened and closed in all possible combinations. None of the current values shall
exceed the limit.

Figure 53.1

Test circuit for leakage current on single-phase equipment

Equipment under test

Isolating transformer

LO
N O '

AL

Selector switch
I
) / N
quipment protective

S3402 \_/ —— earth términal

Megsuring instrument

53.6 Three phase equipment and equipment intended for operation between two phase conductors are
to be tested using the circuit in Figure 53.2, with the selector switch in each of the positions 1 and 2. For
each position of the selector switch, any switches within the equipment, controlling primary power and
operated in normal use, are to be opened and closed in all possible combinations. Any components used
for EMI suppression and connected between phase and earth are to be disconnected one at a time; for
this purpose, groups of components in parallel connected through a single connection are to be treated as
single components. None of the current values shall exceed the limit.
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Isolating transformer

S3403

53.7 Normal
53.6, without

test may be inferrupted to conduct other nondestructive tests.

54 Dielectric

54.1

54.1.1 Thein

Figure 53.2

Test circuit for leakage current on three-phase equipment

Equipment under test

Y Y YN\ 1
| S|
Y Y Y\ 1
| S|
Y Y Y\ 1
| S|

General

A

(1)
U

Measuring instrument earth te

y a sample will be subjected to the complete leakage current test, as specifig
nterruption for other tests..With the concurrence of those concerned, the le

t Voltage Withstand Test

sulation-and spacings of garage equipment shall withstand, without dielectric |

a period of 1 nllinute, the application of the test potentials prescribed in 54.2 — 54 4.

Equipment protective

rminal

d in 53.5 and
bkage current

breakdown for

54.1.2 The test is to be performed when the equipment is complete — fully assembled — and with the
power switch or any other primary switching device in the "on" position. It is not intended that the
equipment be unwired, modified, or disassembled for the test.

54.2 Primary circuits

54.2.1

connected to the supply circuit and any dead metal parts. The test potential shall be:

A 60 Hz essentially sinusoidal potential is to be applied between any live metal part conductively

a) 1000 V for equipment employing a motor rated 375 watts (1/2 horsepower) or less and 250 V or
less; or

b) 1000 V plus twice the rated voltage for equipment employing a motor rated at more than 375

watts o

r more than 250 V.
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c) 1000 V for cabinets rated 120 V; or

d) 1500 V for cabinets rated 240 V.

54.2.2 If an isolating transformer is employed, the test described in 54.2.1 is to be conducted with both
sides of the supply circuit connected together.

54.2.3 If anisolating transformer is employed, a 1000 V, 60 Hz potential is to be applied between any live
or current-carrying part of the primary circuit and any live or current-carrying part of the secondary circuit.

Exception: In the secondary circuit of an isolating transformer, a 1000 V, 60 Hz potential is to be applied
across each capacitor, winding separation, or other insulation employed to reduce the risk of electric
shock, or, which, if short-circuited, would involve a risk of fire either directly or indirectly.

5424 The rst potentials specified in 54.2.1 — 54.2.3 are to be obtained from a 500 volt-ampere or larger
testing transfgrmer, the output voltage of which is essentially sinusoidal and can be regulafed. Starting at
zero, the apglied potential is to be increased gradually until the required test value is reached or until
breakdown og¢curs. The increase in the applied potential is to be at a substantially uniform rate and as
rapid as is copsistent with its value being correctly indicated by the voltmeter!

Exception: THe test potentials specified in 54.2.1 — 54.2.3 may be replaced be a dc voltage potential which
is equal to 1.414 times the required ac potential.

54.3 Seconfary circuits

54.3.1 A dcpotential of 3 times the maximum voltage determined in accordance with 54.3.2 — 54.3.6, but
not less than|500 V, is to be applied between livegparts of opposite polarity in the secondpry circuit and
between sucH live parts and accessible metal parts.

Exception: A fow-voltage, limited-energy. circuit need not comply with this requirement.

54.3.2 The maximum voltage used as a basis for the calculation of the dielectric withsfand potentials
specified in 54.3.1, is to be determined in accordance with 54.3.3 and 54.3 4.

54.3.3 To oftain the maximum voltage, any combination of tubes and fuses may be removeéd.

54.3.4 An aytomatic voltage regulating device is to be rendered inoperative unless, upon investigation, it
is found that|it can be relied upon to prevent an increase in voltage. The investigation |s to take into
consideration|any likely breakdowns in either the regulating device or the equipment, and the possibility of
the device beimgdisconmectedifitis ot permmanemntty conmectedto theTircuit:

54.3.5 A connector or comparable part that is likely to be disconnected during operation or user servicing
is to be both connected and disconnected during the test to determine the maximum voltage.

54.3.6 If a complex voltage is present, the peak value of the voltage is to be measured.
54.4 Automobile ignition circuits

54.41 An equipment test lead that is intended to be directly connected to a high voltage source within an
automobile, such as a timing light trigger lead, shall withstand for a period of 1 minute a direct current
potential of 35 kilovolts applied between the test lead and the reference lead unless the reference lead is
connected to earth ground through the grounding means. The resistance between the point of connection
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for the reference lead and the equipment grounding means shall not be more than 0.1 ohms when
measured as described in the Grounding Circuit Reliability Test, Section 58.

54.4.2 An inductive (clamp on) type test lead that is intended to measure the high voltage source within
an automobile shall withstand for a period of 1 minute, a direct current potential of 35 kilovolts applied
between metal foil placed inside the clamp and external metal surfaces accessible to the user.

Exception No. 1: The 35 kilovolt dielectric test is not required to be conducted when the resistance
between the point of connection of the internal connectors inside the clamp and the equipment grounding
means to the supply circuit is no more than 0.1 ohm when measured as described in the Grounding Circuit

Reliability Test, Section 58.

Exception No.
with 83.20.

55 Humidity

55.1 Garage
Test, Section
Cabinets shal

performed with each sample subjected to an exposure for 48 hours-te‘air having a relative h

+2.5 percent r

55.2 To dete
temperature ju
equipment is
specified in 55
Section 53, an

56 Starting

56.1 Garage
circuit protectg

a) Is of|

b) Has
intends

2: A timing light is not required to meet this requirement when it is marked.

Conditioning

equipment, excluding cabinets, shall comply with the requirements in Leg
53, and in the Dielectric Voltage Withstand Test, Section-54, following t

plative humidity at a temperature of 42 +2°C (107.6.24°F).

'mine if equipment complies with the requirement in 55.1, the equipment is to
st above 34°C (93°F) to reduce condensation of moisture during conditionin
0 be placed in the humidity chamber_and conditioned for 48 hours under
1. Following the conditioning, the equipment is to be subjected to the Leakagg
d/or the Dielectric Voltage Withstand Test, Section 54, as indicated in 55.1.

Current Test

equipment tested in, accordance with 56.2 shall start and operate as intende
d by a fuse, that:

other than the time-delay type; and

a current rating corresponding to that of the branch circuit to which the
d to beeannected in accordance with the National Electrical Code, ANSI/NFP.

n accordance

kage Current
his exposure.

comply with the Dielectric Voltage Withstand Test following this exposure. The test is

midity of 92.5

e heated to a
. The heated

$he conditions

Current Test,

i on a branch

equipment is
A\ 70.

Tripping of an

overload protective device provided as part of the equipment or opening

pf the fuse is

unacceptable.

Exception: This requirement does not apply if:

a) The construction of the equipment or the nature of its usage is such that the equipment will be
used only on a branch circuit dedicated solely to the equipment at the time of installation;

b) The equipment will only start and operate as intended on a circuit protected by a time-delay fuse;

and

c) The

equipment is marked in accordance with 83.13.

56.2 To determine if equipment complies with the requirement in 56.1, the equipment is to be started
three times with the equipment at room temperature at the beginning of each test. Each start of a motor is
to be made under conditions representing the beginning of normal operation — the beginning of the normal
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operating cycle, in the case of automatic equipment — and the motor is to be allowed to come to rest
between successive starts.

57 Normal Temperature Test

57.1 General
57.1.1 Garage equipment is to be tested as described in Maximum load, 57.2 and shall not:
a) Reach a temperature at any point high enough to result in a risk of fire;
b) Damage any material in the equipment; or
c) Excped the temperature rises specified in Table 57.1.
Table 57.1
Maximum temperature rises
Materials and component parts °C (°F)
1. Any pgint within a terminal box or wiring compartment of a permanently 35 (63)
connelcted equipment in which power-supply conductors are to be connected,
includ|ng such conductors themselves, unless the equipment is markedin
accordlance with 83.14.
2. A surfpce upon which stationary equipment may be mounted in‘service, and 65 (117)
surfades that may be adjacent to the equipment when so mounted
Exteripr surfaces of an overall enclosure 65 (117)
4. Capagitors:
a) Eleftrolytic? 40 (72)
b) Other types® 65 (117)
5. Fuseq 65 (117)
6. Fiber mployed as electrical insulation 65 (117)
7. Wood|and other combustible material 65 (117)
8. Class|105 insulation systems.in windings of a relay, a solenoid, or the like®:
a) Thgrmocouple method 65 (117)
b) Registance method 85 (153)
9. Class|130 insulation systems on windings of a relay, solenoid, or the like:
a) Thgrmoecouple method 85 (153)
b) Resistance-method 465 (189)
10. Class 105 insulation system in coil windings in an ac motor having a diameter
of more than 178 mm (7 inches), in a dc motor, and in a universal motor®:
a) In an open motor:
1) Thermocouple method 65 (117)
2) Resistance method 75 (135)
b) In a totally enclosed motor:
1) Thermocouple method 70 (126)
2) Resistance method 80 (144)
11. Class 105 insulation systems in coil windings in an ac motor having a diameter

of 178 mm or less, not including a universal motor, and in a vibrator coil®4:

Table 57.1 Continued on Next Page
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Table 57.1 Continued
Materials and component parts °C (°F)
a) In an open motor and in a vibrator coil:
Thermocouple or resistance method 75 (135)
b) In a totally enclosed motor:
Thermocouple or resistance method 80 (144)
12. Class 130 insulation system in coil windings of an ac motor having a frame
diameter of more than 178 mm (7 inches), in a dc motor, and in a universal
motord;
a) In an open motor:
1)[Thermocouple method 85 (153)
2)|Resistance method 95 171)
b) In afotally enclosed motor:
1)[Thermocouple method 90 (162)
2)|Resistance method 100 (180)
13. Class 130 insulation systems in coil windings of an ac motor having a diameter
of 178 nm (7 inches) or less, not including a universal motor®¢:
a) In ap open motor:
THermocouple or resistance method 95 (171)
b) In a fotally enclosed motor:
THermocouple or resistance method 100 (180)
14. Class 155 insulation systems in coil windings in an ac motor having a diameter
of morg than 178 mm (7 inches), in a dc motor, and in a whiversal motor®®:
a) In ap open motor:
1)[Thermocouple method 110 (198)
2)|Resistance method 120 (216)
b) In afotally enclosed motor:
1)|Thermocouple method 115 (207)
2)[|Resistance method 125 (225)
15. Class 155 insulation systems in coil windings in an ac motor having a diameter
of 178 mm (7 inches),orless, not including a universal motor, and in a vibrator
coil:
a) In ap open mator and on vibrator coils (thermocouple or resistance method) 120 (216)
b) In a fotally enclosed motor (thermocouple or resistance method) 125 (225)
16. Class 180.insulation system in coil windings in an ac motor having a diameter
of more than 178 mm (7 inches), in a dc motor, and in a universal motor:
a) In an open motor:
1) Thermocouple method 125 (225)
2) Resistance method 135 (243)
b) In a totally enclosed motor:
1) Thermocouple method 130 (234)
2) Resistance method 140 (252)
17. Class 180 insulation system in coil windings in an ac motor having a diameter
of 178 mm (7 inches) or less, not including a universal motor, and in a vibrator
coil®:
a) In an open motor and on vibrator coils (thermocouple or resistance method) 135 (243)

Table 57.1 Continued on Next Page
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Table 57.1 Continued

Materials and component parts °C (°F)

b) In a totally enclosed motor (thermocouple or resistance method) 140 (252)
18. Transformers with Class 105 insulation systems

a) Thermocouple method 65 (117)

b) Resistance method 75 (135)
19. Transformers with Class 130 insulation systems

a) Thermocouple method 85 (153)

b) Resistance method 95 171)
20. TransformerswittrCass+55msutatiormrsysters

a) Thgrmocouple method 110 (198)

b) Registance method 120 (216)
21. Transformers with Class 180 insulation systems

a) Thgrmocouple method 125 (225)

b) Registance method 135 (243)
22. Phenqlic composition employed as electrical insulation or as a part the 125 (225)

deteripration of which would result in a risk of fire or electric shock®
23. Rubbgr- or thermoplastic-insulated wire and cord®"9 35 (63)
24, Sealirlg compound 40 (104y
25. Lamingted phenolic composition® 100 (180)
26. Selenfum rectifiers' 50 (90)
27. Silicor rectifiers™ 75 (135)
28. Varnighed-cloth insulation 60 (108)

& A capacitor operating at a temperature rise higher than@0°C (104°F) may be investigated on the basis of its marked temperature
rating, or if not marked with a temperature rating, may be-investigated to determine its acceptability at the higher t¢mperature rise.
b A capacitor thait operates at a temperature rise.of‘more than 65°C (117°F) may be judged on the basis of its marked temperature
limit.
¢ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperatufe rise measured
by a thermocouple may be higher than the\maximum temperature specified in this table if the temperature, as megsured by the
resistance method, is not more than thatyspecified. The temperature measured by means of a thermocouple may be higher than
the specified vajue by the following amount:

Additional tempegrature rise

Item °C °F
Iltems 8 and 10, subitem a 15 (27)
Item 11, subitem a 5 9)
Item 12, subitem a 20 (36)
Iltem 13, subitem a 10 (18)

9 The diameter of a motor is the diameter of the circle circumscribing the stator frame measured in the plane of the laminations,
excluding lugs, fins, boxes, and the like, used solely for motor mounting, cooling, assembly, or connection.

¢ The maximum temperature requirements for phenolic composition and for rubber and thermoplastic insulation do not apply to
compounds that have been investigated and found acceptable for use at higher temperatures.

fRubber-insulated conductors within a Class-A-insulated motor, rubber-insulated motor leads, and a rubber-insulated flexible cord
entering a motor may obtain a temperature rise of more than 35°C (63°F), if a braid is employed on the conductor of other than a
flexible cord. However, this does not apply to thermoplastic-insulated wires or cords.

9 A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of more than 60°C (140°F), such as at
terminals, is acceptable if supplementary heat-resistant insulation of adequate dielectric strength is employed on the individual
conductors of the cord.

Table 57.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 201 2023.pdf

60

UL 201

APRIL 7, 2023

Table 57.1 Continued

Materials and component parts °C

(°F)

not melt at a tem

M A rectifier operating at a temperature rise higher than 75°C (135°F) is to be judged on the basis of its case temperature at the
actual current compared with the case temperature at rated current (derating curves).

"This requirement does not apply to a rectifier which has been investigated and found suitable for a higher temperature rise.
IValues are maximum acceptable temperatures (not temperature rises) less than the melting point. The sealing compound shall

perature less than 65°C (149°F).

57.1.2 All values for temperature rises in Table 57.1 are based on an assumed ambient temperature of
25°C (77°F). Tests may be conducted at any ambient temperature within the range of 10 — 40°C (50 —

104°F).

57.1.3 Ifthe
to be unreeled

57.1.4 Temp
stabilization is

Exception: If t
be conducted
equipment. Sq

57.1.5 Small
not attain a t
combustible

57.1.6 To d¢
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stationary duri

57.1.7 With
thermal stabili
of the previous

57.1.8
intermittent or
it would take

continuously t

In reference to/the Exception to 57.1.4, garage equipment that is obviously

bquipment incorporates a reel for the supply circuit cord, one-third of the dength
for the temperature test.

obtained.

he equipment is obviously not intended for continuous’operation, the tempere
so that it will take into consideration the probable intermittent or short time of
e 57.1.11.

cord connected garage equipment of the hand-supported type (such as a tim

aterials, and there shall be no emission.ef smoke or molten metal.

termine if the equipment complies with the requirement in 57.1.5, the equip|

hg the test, and simulation-of actual service conditions need not be attempted.

reference to those tests which are to be continued until thermal stabilizatio
ration is considered'to exist when three successive readings taken at intervals
ly elapsed duration’ of the test, but not less than 5 minute intervals, indicate no

short time operation may be cycled during the test. Consideration shall be givj
o exchange parts and begin a new operation cycle. The equipment shall th

of the cord is

brature tests are to be performed under the conditions of continuous operatiof until thermal

ture test may
eration of the

ng light) shall

pmperature of more than 125°C (257°E){on any exterior surface which may be laid on

ment is to be

b conditions indicated in 57.2.3 until thermal stabilization is attained. The equipment may be

n is attained,
of 10 percent
change.

intended for
en to the time
en be cycled

bking” into account the downtime due to the nature of operation of the equipn

hent. The test

shall still be ¢

ntmuea untll thermal StablliZation.

57.1.9 For equipment that is capable of continuous operation, but is declared by the manufacturer to
operate intermittently, a duty cycle shall be imposed. If a duty cycle is imposed on the equipment, the
temperature test shall be performed using the on and off times specified by the manufacturer, until thermal
stabilization, when the unit is marked in accordance with 81.7.

57.1.10 Coil or winding temperatures are to be measured by thermocouples unless the coil is
inaccessible for mounting of thermocouples, such as a coil immersed in sealing compound, or unless the
coil wrap includes thermal insulation or more than two layers (1/32 inch maximum) of cotton, paper, rayon,
or the like. For a thermocouple measured temperature of a coil of an alternating current motor, other than a
universal motor, having a diameter of 178 mm (7 inches) or less (11 and 13 in Table 57.1), the
thermocouple is to be mounted on the integrally applied insulation on the conductor.
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57.1.11 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than
30 AWG (0.05 mm?). When thermocouples are used in determining temperatures in electrical equipment,
it is standard practice to employ thermocouples consisting of 30 AWG iron and constantan wire and a
potentiometer type instrument; and such equipment is to be used whenever referee temperature
measurements by thermocouples are necessary. The thermocouple wire is to conform with the
requirements listed in the Initial Calibration Tolerances for Thermocouples table in Temperature-

Measurement Thermocouples, ANSI/ISA MC96.1.

57.2 Maxim

57.2.1

um load

General

57.2.1.1 In
approximates|
overload excq

load conditiois which are recommended by the manufacturer of the equipment!\Test loa

been found to
—57.2.8fors
these test pro

57212 Ar
equipment, is

57.2.2 Tune

57221 Ga
connected to
eight-cylinder|

57.2.3 Timi

57.2.3.1 At
(representing
minute on ang
thermal stabil

57.2.4 Wheel balancers

57241 Aw

ests on garage equipment, maximum normal load is considered to berth
as closely as possible the most severe conditions of normal use. It-is| Ng
pt as the conditions of actual use are likely to be somewhat more seveéte-than

be close approximations of the most severe conditions of normal use are indi

bme common forms of equipment. However, equipment having features not ¢
cedures may be tested as necessary to meet the intent of thése requirements.

bceptacle and an accessory connector that is not utilizeéd for the connection ¢
to be loaded to the ratings specified by the manufacturer during the test.

-up testers, ignition testers, engine analyzers

rage equipment intended to be connected to the ignition system of an autorn
Bn ignition simulator supplying 4800 ignition sparks per minute (representing 1
four-cycle engine). The equipment-isto be operated until thermal stabilization

hg lights
ming light is to be connected to an ignition simulator supplying 600 ignition sp3

5 minute off operation cycle (to simulate the moving of the equipment to a ne
zation is attained.

at load which
t a deliberate
the maximum
is which have
cated in 57.2.2
bntemplated in

f a part of the

nobile is to be
P00 rpm for an
s attained.

rks per minute

1200 rpm for an eight-cylinder four-cycle engine). The equipment is to be operated with a 2

W vehicle) until

for this test.

heelof the largest mass indicated in the marking on the balancer is to be used

57.2.4.2 A wheel balancer is to be cycled continuously until thermal stabilization is attained. Each cycle
of operation is to consist of one complete rotational balancing cycle (prescribed by the design of the
equipment) followed by a 1 minute "off" period to simulate wheel exchange.

57.2.5 Tire changers

57.2.51

A tire is to be removed from its rim and replaced continuously with a 10 second "off" time

between cycles to simulate wheel exchange. The test is continued until thermal stabilization has been

attained.
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57.2.6 Roll-up brake lathes

57.2.6.1 A brake lathe is to be operated continuously at the manufacturer’'s maximum specified speed
and cutting depth, with a 30 second "off" time to simulate parts exchange. The test shall be continued until
thermal stabilization is attained.

57.2.7 Dynamometers

57.2.7.1 A dynamometer is to be operated at the maximum time and rotation resistance (such as hill
simulation) recommended by the manufacturer, followed by a 2 minute "off" period to simulate vehicle
exchange. If no maximum time is recommended by the manufacturer, the cycle is to consist of 4 minutes
on with rollers at maximum rotation resistance, followed by 2 minutes off. The test shall be continued until
thermal stabilization is attained.

57.2.8 Powdred cabinets

57.2.8.1 All feceptacles are loaded to their normally rated load. All accessories, light fixfures, and the
like, are operated in a manner to create the maximum normal load on the cahinet.

57.2.9 Automotive lifts
57.2.9.1 Autpmotive lifts shall be tested at the maximum load forwhich the lifting system is fHesigned.
58 Grounding Circuit Reliability Test

58.1 The voltage drop across the point of connectiohof the equipment grounding means, gt or within the
equipment, and any other point in the grounding cireuit, shall not be more than 4 volts when| measured as
described in 58.2.

58.2 An altefnating current, derived from-a power supply of not more than 12 volts, is to be¢ passed from
the point of connection of the equipment/grounding means to a point in the grounding circuif The value of
the alternating current used for this test shall be equal to twice the rating of the overcurrgnt protective
device in the building. The duration for the test is also based on the rating of the overcurnent protective
device in the Huilding. See Table-58.1 for the proper duration of the test. The resulting drop in[potential is to
be measured pcross the twie, points tested. The grounding conductor of a supply circuit cord is not to be
included in the test.

Table 58.1
Grounding reliability duration

Current rating of circuit, A Time, minutes
<30 2
>30<60 4
>60<100 6
> 100 <200 8
> 200 10

59 Overspeed Test

59.1 With reference to 37.3 for equipment employing a series motor, a part that may result in a risk of
injury to persons shall not work loose as a result of the test described in 59.2.
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59.2 The equipment employing a series motor is to be operated for 1 minute at the no-load speed
resulting from application of 1.3 times the rated voltage. Equipment in which the rotating load may be
varied is to be tested for each condition of loading that can occur.

60 Motor Tests

60.1 General requirements

60.1.1 Motors, both ac and dc, located in either primary or secondary circuits, are required to comply
with the applicable tests in 60.3 — 60.6.

60.1.2 Air handling maotors, such as fans, do not need to comply with running overload tests.

60.1.3 Stepper motors are not required to be tested.
60.2 Maximum temperature

60.2.1 For the tests covered by 60.3 — 60.6, the temperature limits specified in Table §0.1 and Table
60.2, as appligable, shall not be exceeded.

Table 60.1
Permitted temperature limits for motor winding during locked rotor tests

Maximum temperature °C

Method of protection Class A Class E Class B Class F Class H
Protection by inherent or external 150 165 175 190 210
impedance
Protection by protective device which 200 215 225 240 260

operates during|the first hour

Protection by any protective device:

- Maximugn after first hour 175 190 200 215 235

- Arithmefic average during the 150 165 175 190 210
second hour and during the
seventy{second hour

Table 60.2
PTrmitted temperature limits for motor winding during running overload teTts

Maximum temperature °C

Class A Class E Class B Class F Class H
140 155 165 180 200

60.3 Running overload test for primary motors

60.3.1 The motor is operated under normal load. The load is increased in gradual steps, allowing for the
motor temperatures to stabilize before each increase. The load is increased until the overload protection
device operates. The load on the motor shall not induce a locked rotor condition at any time during this
test.

60.3.2 The motor winding temperatures are determined during each steady period. The maximum
temperature is recorded and shall not exceed the limits specified in Table 60.2.


https://ulnorm.com/api/?name=UL 201 2023.pdf

64

UL 201

APRIL 7, 2023

60.4 Locked rotor test for primary motors

60.4.1
follows:

A locked rotor test is carried out starting at room temperature, and continued for a duration as

a) A motor protected by inherent or external impedance is operated with its rotor locked for 15 days
except that testing may be discontinued when the windings of the motor reach a constant
temperature, provided the temperature does not exceed the limits specified in Table 60.1;

b) A motor with an automatic reset protection device is cycled with its rotor locked for 18 days;

¢) A motor with a manual reset protection device is cycled with its rotor locked for 60 cycles, the

in closed, but

protection device being reset after each operation as soon as possible for it to rem
after not less than 30 seconds; and

d) A mptor with a non-resettable protection device is operated with its rotor locked u
operatgs.

60.4.2 Temp
impedance, o
protection dey|
exceed the lim

60.5 Running overload tests for secondary motors

60.5.1
motor tempera
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a) Tem
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b) The
approx|
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directig
threadg
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with an automatic reset protection device, or for the first'ten cycles for a
ce, or at the time of operation of a non-resettable device( Maximum temperaf
its specified in Table 60.1.

tures to stabilize before each increases The load is increased until the overlq

j this test.

liance is checked by one of thefollowing methods:

peratures are recorded during each steady period during the test of 60.5.1. 1
atures shall not exceed the limits specified in Table 60.2; or

motor is covered with a single layer of bleached cheesecloth having
mately 26 =28 m?kg mass (14 — 15 square yards per pound mass) and h
in the trade-as a "count of 32 by 28", that is, for any square centimeter, 13 t
n and 41 in the other direction (for any square inch, 32 threads in one dirs
inthe.other direction). There shall be no ignition of the cheesecloth during the

ntil the device

ht or external
manual reset
ures shall not

lowing for the
ad protection
r condition at

'he maximum

an area of
aving what is
Nreads in one
pction and 28
test.

60.6 Locked rotor tests for secondary motors

60.6.1

The same test durations as outlined in 60.4.1 apply to secondary motors.

60.6.2 Compliance is checked by one of the following methods:

a) Temperatures are recorded during each steady period during the test of 60.6.1. The maximum
temperatures shall not exceed the limits specified in Table 60.1; or

b) The motor is covered with a single layer of bleached cheesecloth having an area of
approximately 26 — 28 m%kg mass (14 — 15 square yards per pound mass) and having what is
known in the trade as a "count of 32 by 28", that is, for any square centimeter, 13 threads in one
direction and 11 in the other direction (for any square inch, 32 threads in one direction and 28
threads in the other direction). There shall be no ignition of the cheesecloth during the test.
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60.7 Electric strength

60.7.1 If the motor voltage exceeds 42.4 V peak or 60 Vdc, the motor shall pass the electric strength test
as outlined in the Dielectric Voltage Withstand Test, Section 54.

61 Stability Tests
61.1 General

61.1.1 The tests are to be performed with the equipment loaded to approximate as closely as possible
the most severe conditions of normal use. An accessory — such as a wheel rotor — is to be installed as
intended in u i i ng the largest
mass indicated in the marking on the balancer.

61.1.2 If units are designed to be fixed together on site and not used individually,/the sfability of each
individual unifis exempt from the requirements of 61.3 — 61.5.

61.1.3 Unitg are not to be powered during these tests.

61.1.4 Each test described in 61.3 — 61.5 is carried out separately. During the tests, coptainers are to
contain the agount of substance within their rated capacity producing the most unfavorablg¢ condition. All
casters and jacks, if used in normal operation, are placed in the most unfavorable positiop, with wheels
and the like Ipcked or blocked. However, if the casters are intended only to transport the bnit, and if the
installation ingtructions require jacks to be lowered after jpstallation, then the jacks (and npt the casters)
are used in thpse tests.

61.2 Stabiliging means

61.2.1 Undgr conditions of operator use, a stabilizing means, if needed, shall be automatic in operation
when drawerg, doors, etc., are opened.

61.2.2 During operations performed by service personnel, the stabilizing means, if ne¢ded, shall be
automatic in |operation, or a /marking shall be provided to instruct service personnel [to deploy the
stabilizing mejans.

61.3 Ten degree tilt test

61.3.1 A unit shall)not overbalance when tilted to an angle of 10 degrees from its normal upright position.
Doors, drawefs;.etc., are closed during this test.

61.3.2 If a part of surface of the product not normally in contact with the horizontal supporting surface
touches the supporting surface before the product has been tipped through an angle of 10 degrees, the
tipping is to be continued until the surface or place of the surface of the product originally in contact with
the horizontal supporting surface is at an angle of 10 degrees from the horizontal supporting surface.

61.4 Horizontal force test

61.4.1 A floor-standing unit, excluding cabinets, having a mass of 22 kg (50 Ibs) or more, shall not tip
over when the force indicated in Table 61.1 is applied in any direction at the point of maximum moment.

61.4.2 A cabinet shall not tip over when the force indicated in Table 61.1 is applied in any direction,
except upward, at any point on a cabinet including the highest point not exceeding 1 meter (3 feet) from
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the floor. Doors, drawers, and the like are placed in their most unfavorable position, consistent with the
manufacturer's instruction manual.

Table 61.1
Force applied in stability test

Weight of equipment, Force to be applied,
kg (Ibs) N (Ibs-f)
22 -45 (50 — 100) 67 (15)
46 -68 (101 -150) 110 (25)
69-90 (151 —200) 180 (40)
91-159 (201 -350) 222 (50)
160 — p27 (351 -500) 267 (60)
228 -p95 (501 - 650) 31 (10)
296 —B63 (651 —800) 356 (30)
364 —}53 (801—1000) 445 (100)
454 —p44 (1001 —1200) 534 (1R0)
545 -25 (1201 —1600) 623 (140)
726 —p07 (1601 —2000) 712 (160)
908} 2001+ 800 (1180)

61.5 Downward force test
61.5.1 A flogr-standing unit shall not overbalance.when a constant downward force of 800/ N (180 Ibf) is
applied at the point of maximum moment to any-horizontal surface of at least 12.5 cm (5 inchges) by at least
20 cm (9 inchgs), at a height up to 1 m (3 ft) above the floor. The 800 N force is applied by & suitable test

tool having a flat surface of approximately,12.5 cm by at least 20 cm. Doors, drawers, and the like are
closed during this test.

62 Loading [Tests
62.1 Generdl

62.1.1 For cabinets\that are provided with shelves or drawers, the test of 62.2 shall apply.

62.1.2 For cabinets that are provided with sections that are connected together, the tesi of 62.3 shall
apply.

62.2 Shelf and drawer loading test
62.2.1 This test is performed on cabinets that are provided with shelves and drawers.

62.2.2 The drawers and shelves shall be installed as intended. If the position of shelves or drawers is
adjustable either by the manufacturer or the user, the most disadvantageous positioning should be used. If
drawers are provided, the loading is to be performed with the drawer fully extended.

62.2.3 Each load is to be uniformly applied along the entire width of the shelf or drawer, centered on the
line at mid-depth of the shelf or drawer or at a line 0.1 m (4-1/4 inches) from the front edge of the shelf or
drawer, whichever is furthest from the rear edge of the shelf or drawer. The loads are gradually increased
from zero to the specified value and maintained for 5 minutes after full loading is attained. If the
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manufacturer does not specify a maximum load for each shelf or drawer, then each shelf or drawer is
subjected to a load as shown in Table 62.1 based on the drawer depth. If the manufacturer specifies a
maximum load for each shelf or drawer, then each shelf or drawer is subjected to a load equal to 4 times
the manufacturers specified load.

Table 62.1
Loading values for shelves and drawers

Load based on depth (d) of shelf or drawer
Drawer or shelf width® d<0.2m(8in) 0.2m<d<0.4m(16in) 04m(16in)<d

m (in) kg (Ibs) kg (Ibs) kg (Ibs)
0.15 (6) 8.2 (18) 13.6 (30) 19.0 (42)
0.30 (12) 16.4 (36) 27.2 (60) 381 (84)
0.46 (18) 245 (54) 40.8 (90) 57.1 (126)
0.61 (24) 32.6 (72) 54.4 (120) 76.2 (168)
0.76 (30) 40.8 (90) 68.0 (150) 95.2 (210)
0.91 (36) 49.0 (108) 81.6 (180) 114.3 (252)
1.07 (42) 57.2 (126) 95.2 (210) 1334 (294)
1.22 (48) 65.3 (144) 108.8 (240) 152.4 (336)

@ For drawer or ghelf widths that are in between values in the table, interpolation is allowed.

62.2.4 Durin
from their orig
injury tothe u

62.3 Sectio
62.3.1 This
62.3.2 The

connections, these connections-may be omitted for this test.

62.3.3 All se
the loads spe
maintained fo

g the 5 minute loading duration, the shelyes’and drawers under test shall n
inal positions. There shall be no damage to mounting means that would increg
Ser.

h loading test

est is performed on cabinets provided with sections that are connected togeth
bections are to be-Gonnected together as intended. If the cabinet is provided
ctions of the cabinet are to be loaded, one at a time if more than one section

cified below. The loads are to be gradually increased from zero to the specifi
r 5 minutes.

a) For

bt break or fall
ase the risk of

\V

with electrical
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ed values and

acaction-that containe shelves or drawers  the shalvas or drawers ara td
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be loaded in

accordance with 62.2.3, except the drawers are to be closed for this test.

b) For a section that contains hooks, pegboard, or some other device to hang items, the
manufacturer shall specify a maximum load and four times this specified load shall be applied.

c) For sections that consist of one structure, such as overhead bins, the section shall be loaded as
a shelf in accordance with 62.2.3.

d) When the maximum load for a section is specified in the manufacturer’s installation instructions,
the load used for the test is to be four times the specified weight.

Exception: Sections of a cabinet that are supported by the floor and are only physically connected together

for aesthetics

or stability support, need not comply with this test.
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62.3.4 This test may be combined and performed at the same time as the Shelf and drawer loading test,
62.2, if acceptable to all those involved.

62.3.5 During the 5 minute loading duration, the sections under test shall not break or fall from their
original position. There shall be no damage to mounting means that would increase the risk of injury to the
user.

63 Mounting Tests

63.1 The mounting means of equipment intended for wall or ceiling mounting shall withstand a force of
four times the weight of the equipment, but not less than 4.5 kg (10 Ibs), without malfunction of or damage
to the mounting bracket, its securing means, or that portion of the equipment to which it is attached. When
tested as desgribed, the equipment and mounting systems shall remain in place with-ng evidence of
damage to thgf mounting system.

63.2 To detefmine if the equipment complies with 63.1, the equipment is to be-mounted in accordance
with the manufacturer’s installation instructions, using the hardware and construction as prescribed by the
manufacturer. [If the details of wall construction are not specified, 10 mm meétric size (3/8 inch trade size)
thick plasterbdard (gypsum wallboard or drywall) on nominal 38 by 89 mm (4<1/2 by 3-1/2 ingh, 2 by 4 inch
trade size) wood studs spaced on approximately 406 mm (16 inch) cefters is to be used gs the support
surface. The hHardware is to be applied as specified in the instructiens, and if not otherwise findicated, the
securing screys are to be positioned between the studs and s€cufed into the plasterboafd. Adjustable
equipment is tp be adjusted to the position that will give the maximum projection from the wa|l. The force is
to be applied through a 76 mm (3 inch) wide strap at the dimensional center of the equipment and is to be
increased ovef a 5 to 10 second interval, until a load equalito the weight of the equipment plus a force of
three times the weight of the equipment, but not less'than 4.5 kg (10 Ibs), is applied to [the mounting
system. The Idad is to be maintained for one minute.

64 Handle Strength Test

64.1 A handle intended for lifting and-carrying equipment shall withstand a force equal to four times the
weight of the gquipment when tested.in“accordance with 64.2.

64.2 The forge is to be applied with the handle in the intended carrying position, over a 76 mm (3 inch)
length at the genter of the handle. The force is to be applied gradually such that the required value is
attained in 5 tp 10 seconds:'and then maintained for 1 minute. If more than one handle is|provided, the
force is to be determined by the percentage of the equipment weight sustained by each handle with the
equipment in the intended carrying position. If equipment weighing less than 25 kg (55 Ibs) is|provided with
more than one handle, but can be carried using only one handle, each handle is to he capable of
withstanding g force based on the total weight of the equipment.

65 Strain Relief Test
65.1 General

65.1.1 All cords that are permanently connected and may result in a risk of fire or electric shock if internal
connections are damaged shall be subjected to the tests outlined in 65.2 and 65.3.

65.2 Pull force relief test

65.2.1 The cord is subjected to a steady pull of the value shown in Table 65.1, applied in the most
unfavorable direction. The test is conducted 25 times, each time for a duration of 1 second.
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Table 65.1
Force values for strain relief tests on power cords

Mass (M) of the equipment Pull
kg N

M<1 30

1<M<4 60

M>4 100

65.2.2 During the tests, the cord shall not be damaged. This is checked by visual inspection, and by an
electric strength test between the cord conductors and accessible conductive parts, in accordance with
Dielectric Voltage Withstand Test, Section 54-.

65.2.3 After|the test, the power supply cord shall not have been longitudinally displaced By more than 2
mm (2/25 ingh) nor shall there be appreciable strain at the connections, and\spacings shall not be
reduced, as described in Spacings, Section 33.

65.3 Push-back relief test

65.3.1 To de¢termine compliance with 12.2.3, a product shall be tested in accordance with 62.2 without
occurrence offany of the conditions specified in 12.2.3 (a) — (c).

65.3.2 The ¢ord or lead is to be held 25.4 mm (1 inch) from the point where the cord or|lead emerges
from the prodluct and is then to be pushed back into thé product. When a removable bushing which
extends further than 25.4 mm is present, it is to be ,removed prior to the test. When the[bushing is an
integral part df the cord, then the test is to be carried*out by holding the bushing. The cord ¢r lead is to be
pushed back finto the product in 25.4 mm increments until the cord buckles or the force to[push the cord
into the prodyct exceeds 26.7 N (6 Ibf). The sapply cord or lead within the product is to be fnanipulated to
determine compliance with 13.2.3 (a) — (c):

66 Tests for Switches, Controls, Interlocks, and Overload Protective Devices
66.1 Contrqls for solenoids)| relay coils, and the like

66.1.1 To dgtermine if @'switch or other control device complies with 24.3.1, the device is tp be subjected
to the overvoltage test\described in 66.1.2. There shall not be any electrical or mechanicgl failure of the
device or unglue burning or pitting of the contacts as a result of the test. The fuse in the grounding
connection shall\not rupture during the test.

66.1.2 The device is to be connected to a supply circuit of rated frequency and 110 percent of maximum
rated voltage. The load on the device being tested is to be the same as that which it is intended to control
during normal operation. During the test, exposed dead metal parts of the equipment are to be connected
to ground through a 3 ampere plug fuse. The device is to be operated for 50 cycles, at a rate of not more
than 10 cycles per minute.

Exception: The device may be operated at a faster rate if agreeable to all concerned.
66.2 Controls for motors

66.2.1 To determine if a switch or other control device complies with 24.4.1 the device is to be subjected
to the test described in 66.2.2. There shall not be any electrical or mechanical failure of the device or
undue pitting or burning of the contacts. The fuse in the grounding connection shall not rupture during the
test.
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