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PART 1 - ALL EQUIPMENT

INTRODUCTION

1 Scope

1.1

These requirements cover ducted heat recovery ventilators intended to remove air from buildings,

replace it with outside air, and in the process transfer heat from the warmer to the colder air. These units
are intended to be connected to duct systems that interconnect rooms or spaces within buildings for
exhausting the indoor air and/or distributing the outdoor air.

1.2 These
installed in o
also include

1.3 These
resistance h
burners, hes

utilization of fhese heating means are to be those included in other applicable standards.

1.4 Heat rgcovery ventilators are intended for installation inaccordance with the Sta
Installation of Air-Conditioning and Ventilating Systems, NFPA 90Ay and the Standard for the
Warm Air Hepting and Air-Conditioning Systems, NFPA 90B.
2 Compongnts
2.1 A component of a product covered by this Standard shall:
a) Comply with the requirements for that component;
b) Be|used in accordance with its.rating(s) established for the intended conditions of u
c) Belused within its established use limitations or conditions of acceptability; and
d) Additionally comply-with the applicable requirements of this end product Standard.
Exception Np. 1: A component of a product covered by this Standard is not required to ¢

specific com

a) In

e
1ating means. The requirements for the construction and performance of gas, g

+ s o 4 flat ool FaaYaVal Iy 1 ol
CUUncIrictinoe CUVTCT Ticat IUUUVUIy VvCITUIdivuro 1dlCuUu al UUU VUILlo Ul 1ICToOo daAliu 1l
rdinary locations in accordance with the National Electrical Code, NFPA 70~ Ths
means for air filtration.

quirements apply to heat recovery ventilators employing gas-, oil-, 'or gas-oil-fi

t exchangers, electric resistance heaters, and components, for the direct ¢

bonent fequirement that:

olves’ a feature or characteristic not required in the application of the com

tended to be
bse units may

red or electric
il, and gas-oil
ontrol of the

hdard for the
Installation of

omply with a

bonent in the

prod

ct:
7

b) Is superseded by a requirement in this Standard; or

c) Is separately investigated when forming part of another component, provided the component is

used

within its established ratings and limitations.

Exception No. 2: A component complying with the requirements in a component standard other than those
cited in this Standard is acceptable if:

a) The component also complies with the requirements in the applicable component standard; or

b) The component standard:

Copyright Underwriters Laboratories Inc.
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2) Considers long-term thermal properties of polymeric insulating materials in accordance

with UL 746B; and

3) Any use limitations of the other component standard are identified and appropriately

accommodated in the end use application. For example, a component used in

a household

application but intended for industrial use and complying with the requirements in the
relevant component standard may assume user expertise not common in household

applications.

2.2 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.3 A comp
ground-fault
thereof, shall

circuit-interruption, surge suppression, any other similar functions, Or-any
comply additionally with the requirements of the applicable standard(s) that G

that provide those functions.

Exception: W
markings, ing
required to be

24 Acomp
electric shock
standard and

2.5 With reg
requirements
abnormal uss

here these other functions are not required for the applicationvand not identifi
tructions, or packaging for the appliance, the additional.component standa
applied.

bnent not described by the requirements of this Standard and that involves a pg
, fire, or personal injury shall be additionally .evaluated in accordance with t
shall comply with 2.1 (b) — (d).

ard to a component being additionally.evaluated, reference to construction and
in another end product standard is @ppropriate where that standard anticipate
conditions consistent with the application of this Standard.

3 Units of NMleasurement

3.1 Values
approximate

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

3.2 Unless ¢therwise indicated, all voltage and current values mentioned in this Standard ar

4 Referenc

bd Publieations

4.1 Anyund

onent that is also intended to perform other functions, such as over curreth protection,

combination
over devices

ed as part of
rd(s) are not

tential risk of
e applicable

performance

5 normal and

planatory or

B rms.

ated reference to a code or standard appearing in the requirements of this Stan

dard shall be

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

4.2 The following publications are referenced in this Standard:

ASHRAE 34,

Designation and Safety Classification of Refrigerants

ASME B94.11M, Twist Drills

ASTM A90/A90M, Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc
or Zinc-Alloy Coatings

ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process

Copyright Underwriters Laboratories Inc.
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ASTM D256, Standard Test Methods for Determining the I1zod Pendulum Impact Resistance of Plastics
ASTM D638, Standard Test Method for Tensile Properties of Plastics

ASTM D790, Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and
Electrical Insulating Materials

ASTM D1822, Standard Test Method for Determining the Tensile-Impact Resistance of Plastics

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

CSA B51, Bailer, Pressure Vessel, And Pressure Piping Code

IEC 61000-4{5, Electromagnetic Compatibility (EMC) — Part 4-5: Testing and Measureément |Techniques —
Surge Immunity Test

NEMA C80.1, Electrical Rigid Steel Conduit (ERSC)

NFPA 70, Ngtional Electrical Code

NFPA 90A, Ipstallation of Air-Conditioning and Ventilating Systems

NFPA 90B, Ipstallation of Warm Air Heating and Air-Conditioning Systems
UL 1, Flexible Metal Conduit

UL 6, Electri¢al Rigid Metal Conduit — Steel

UL 20, Genefal-Use Snap Switches

UL 44, Thermoset-Insulated WireS\and Cables

UL 62, Flexifjle Cords and.Cables

UL 67, Panelboards

UL 83, Thermoplastic-Insulated Wires and Cables

UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances
UL 98, Enclosed and Dead-Front Switches

UL 207, Refrigerant-Containing Components and Accessories, Nonelectrical

UL 224, Extruded Insulating Tubing

UL 244A, Solid-State Controls for Appliances

UL 248-1, Low-Voltage Fuses — Part 1: General Requirements

UL 248-2, Low-Voltage Fuses — Part 2: Class C Fuses
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UL 248-4, Low-Voltage Fuses — Part 4: Class CC Fuses

UL 248-5, Low-Voltage Fuses — Part 5: Class G Fuses

UL 248-6, Low-Voltage Fuses — Part 6: Class H Non-Renewable Fuses
UL 248-7, Low-Voltage Fuses — Part 7: Class H Renewable Fuses

UL 248-8, Low-Voltage Fuses — Part 8: Class J Fuses

UL 248-9, Low-Voltage Fuses — Part 9: Class K Fuses

UL 248-10, Low-Voltage Fuses — Part 10: Class L Fuses
UL 248-11, Low-Voltage Fuses — Part 11: Plug Fuses

UL 248-12, Low-Voltage Fuses — Part 12: Class R Fuses
UL 248-15, Lpw-Voltage Fuses — Part 15: Class T Fuses
UL 310, Electrical Quick-Connect Terminals

UL 3583, Limit|Controls

UL 360, Liquip-Tight Flexible Metal Conduit

UL 429, Electically Operated Valves

UL 467, Grounding and Bonding Equipment

UL 486A-486B, Wire Connectors

UL 486C, Splfcing Wire Conneetors

UL 486E, Eq4ipment Winihg Terminals for Use with Aluminum and/or Copper Conductors

UL 496, Lampholders

UL 498, Attachment Plugs and Receptacles

UL 508, Industrial Control Equipment

UL 508C, Power Conversion Equipment

UL 510, Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape
UL 514A, Metallic Outlet Boxes

UL 514B, Conduit, Tubing, and Cable Fittings

UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers
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UL 635, Insulating Bushings

UL 651, Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings

UL 719, Nonmetallic-Sheathed Cables

UL 723, Test

for Surface Burning Characteristics of Building Materials

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Po
UL 796, Prin
UL 797, Elec
UL 810, Cap
UL 817, Corq
UL 840, Insu
UL 867, Eleg
UL 900, Air R
UL 917, Clog
UL 935, Fluo
UL 969, Mari
UL 991, Test

UL 1004-1, A

lymeric Materials — Use in Electrical Equipment Evaluations
ed Wiring Boards

frical Metallic Tubing — Steel

beitors

| Sets and Power-Supply Cords

ation Coordination Including Clearances and Creepage Distances for Electrical
frostatic Air Cleaners

ilter Units

k-Operated Switches

rescent-Lamp Ballasts

ing and Labeling-Systems

5 for Safety-Related Controls Employing Solid-State Devices

otating Electrical Machines — General Requirements

Fquipment

UL 1004-2, Impedance Protected Moftors

UL 1004-3, Thermally Protected Motors

UL 1004-7, Electronically Protected Motors

UL 1012, Power Units Other Than Class 2

UL 1029, High-Intensity-Discharge Lamp Ballasts

UL 1059, Terminal Blocks

UL 1063, Ma

Copyright Underwriters Laboratories Inc.
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UL 1097, Double Insulation Systems for Use in Electrical Equipment
UL 1283, Electromagnetic Interference Filters

UL 1310, Class 2 Power Units

UL 1434, Thermistor-Type Devices

UL 1441, Coated Electrical Sleeving

UL 1446, Systems of Insulating Materials — General

UL 1565, Positioning Devices

UL 1581, Refprence Standard for Electrical Wires, Cables, and Flexible Cords

UL 1598, Lumpinaires

UL 1917, Sold-State Fan Speed Controls

UL 1977, Component Connectors for Use in Data, Signal, Controland Power Applications
UL 1998, Soffware in Programmable Components

UL 2043, Fire Test for Heat and Visible Smoke Release for Discrete Products and Their| Accessories
Installed in Air-Handling Spaces

UL 4248-1, Fliseholders — Part 1: General Requirements
UL 4248-4, Fluseholders — Part 4: Class'CC

UL 4248-5, Fliseholders — Part 5:Class G

UL 4248-6, Fliseholders —Part 6: Class H

UL 4248-8, Fliseholders'— Part 8: Class J

UL 4248-9, Fliseholders — Part 9: Class K

UL 4248-11, Fuseholders — Part 11: Type C (Edison Base) and Type S Plug Fuse
UL 4248-12, Fuseholders — Part 12: Class R

UL 4248-15, Fuseholders — Part 15: Class T

UL 5085-1, Low Voltage Transformers — Part 1: General Requirements

UL 5085-3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

UL 8750, Light Emitting Diode (LED) Equipment for Use in Lighting Products
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https://ulnorm.com/api/?name=UL 1812 2025.pdf

APRIL 1, 2025 UL 1812 13

UL 60335-2-40, Household and Similar Electrical Appliances — Safety — Part 2-40: Particular
Requirements for Electrical Heat Pumps, Air-Conditioners and Dehumidifiers

UL 60691, Thermal-Links — Requirements and Application Guide
UL 60730-1, Automatic Electrical Controls — Part 1: General Requirements

UL 60730-2-8, Automatic Electrical Controls - Part 2-8: Particular Requirements for Electrically Operated
Water Valves, Including Mechanical Requirements

UL 60730-2-9, Automatic Electrical Controls - Part 2-9: Particular Requirements for Temperature Sensing

Controls

UL 60950-1,|Information Technology Equipment — Safety — Part 1: General Requiremehts

UL 61058-1,|Switches for Appliances — Part 1: General Requirements

UL 61131-2, Programmable Controllers — Part 2: Equipment Requirements.and Tests

UL 61800-5{1, Adjustable Speed Electrical Power Drive Systems,—Part 5-1: Safety Requirements —
Electrical, THermal and Energy

UL 62368-1| Audio/Video, Information and Communication~ Technology Equipment — Part 1: Safety
Requirements

5 Glossary

5.1 For the|purpose of this Standard the following definitions apply.

5.2 AUTOMATIC CONTROL — A conttelin which at least one aspect is non-manual.

5.3 AUXILIARY CONTROL — Avdevice or assembly of devices that provides a functional utility, is not

relied upon 3
an efficiency
normal or ab

5.4 BARRI

s an operational orprotective control, and therefore is not relied upon for safety.
control not relied upon to reduce the risk of electric shock, fire, or injury to p
hormal operation of the end product is considered an auxiliary control.

ER — Avpartition for the insulation or isolation of electrical circuits or isolation of e

Ol CIRCUIT — The circuit that carries the electric signals directing the perfi

For example,
brsons during

ectrical arcs.

rmance of a

5.5 CONTH

controller. A control circuit does not carry the main power current.

5.6 CONTROLLER - A device or group of devices that governs power delivered to a motor or other load
in the equipment.

5.7 DIRECT-CONNECTED HIGH-VOLTAGE CONTROL CIRCUIT — A circuit that is supplied from a
branch circuit separate from a branch circuit that supplies other loads within the equipment. It is not tapped
from the load side of the overcurrent device(s) of the controlled circuit(s) within the equipment.

5.8 ENCLOSURE - That part of a unit which by itself or in conjunction with barriers reduces the risk of
contacting all or any parts of the unit that may otherwise present a risk of electric shock or injury to persons
and/or prevents propagation of flame initiated by electrical disturbances occurring within.
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5.9 FUNCTIONAL PART — A part other than an enclosure or structural part that is necessary for the
intended operation of a unit.

5.10 HEATER ASSEMBLY — A complete or partial assembly of the heating element, electrical insulation

(for example, refractory or mica), metal sheath, thermal insulation, and frame or adaptor for holding the
assembly together and fastening it in the heater enclosure; and leads and terminal connections, or both.

5.11 HEATING ELEMENT - The electrical conducting medium that is intended to be heated by an
electric current.

5.12 HIGH-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having

circuit charac

5.13 LOW-
current (42.4

aristics in excess of thaose of a low.voltaae circuit
g -

OLTAGE CIRCUIT — A circuit involving a potential of not more than 30y Vol
volts peak) or direct current, and supplied by:

a) A primary battery;

b) A Class 2 transformer; or

c) A ¢ombination of transformer and fixed impedance whichy“as a unit, compliesg
performance requirements for a Class 2 transformer.

A circuit deriy
means of limi

5.14 MANU
control.

5.15 MANU
to open the m
motor circuit.

5.16 OPER
regulates the
thermal cutoy
operating con

5.17 PROT
reduce the r

ed from a high-voltage circuit by connecting resistance in series with the supp
ing the voltage and current is not considered.to-be a low-voltage circuit.

AL CONTROL — A device that requires direct human interaction to activate

AL RESET THERMAL PROTECTOR — A device that incorporates a bimetal tha
otor circuit upon reaching aertain temperature and requires manual resetting {

ATING CONTROL-=*A device or assembly of devices, the operation of wh
end product during normal operation. For example, a thermostat, the failur
t/limiter or another layer of protection would mitigate the potential hazard, is ¢
trol. Operating controls are also referred to as "regulating controls".

FCTIVE'CONTROL — A device or assembly of devices, the operation of which i
sk ‘of electric shock, fire, or injury to persons during normal and reasonabl

s alternating

with all the

y circuit as a

or reset the

is calibrated
0 reclose the

ich starts or
b of which a
bnsidered an

5 intended to
y anticipated

abnormal operation of the appitance. For exampte, a thermat catouttimiter, or-any othercontrol/circuit

relied upon for normal and abnormal conditions, is considered a protective control. Protective controls are
also referred to as "limiting controls" and "safety controls".

5.18 SAFETY CRITICAL FUNCTION — Control, protection, and monitoring functions which are being
relied upon to reduce the risk of fire, electric shock or casualty hazards.

5.19 SECONDARY (BACK-UP) PROTECTION — A protector that does not operate under normal running
or locked rotor test conditions, without further stress applied to the motor by increased winding
temperature, ambient temperature, or voltage.

5.20 SINGLE-OPERATION DEVICE - A device that incorporates a bimetal that is calibrated to open the

motor circuit upon reaching a certain temperature and is resettable only by cooling to minus 35 °C (minus
31 °F) or lower.
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5.21 STRUCTURAL PART — A part used in such a manner that failure of the part may present a risk of
electric shock or injury to persons.

5.22 TAPPED HIGH-VOLTAGE CONTROL CIRCUIT — A circuit that is tapped within the unit from a
circuit supplying one or more loads that are not part of the control circuit.

5.23 THERMAL CUTOFF — A device that incorporates a melting alloy or other material that is calibrated
to permanently open the motor circuit upon reaching a certain temperature.

5.24 THERMAL MOTOR PROTECTOR - A protective device that acts automatically to de-energize the
windings of a motor and is sensitive to temperature and current of the windings.

525 TOTA
between the
Drain holes 4

5.26 TYPE
and the driff
operating se

5.27 TYPE
and the driff
operating se
CONSTRUC

6 General

6.1 A comg
periodic serv|
without the u

6.2 Withre

(Phillips) screwdrivers, and hexagonal-recessed head screw (Allen) wrenches.

6.3 Othert
factory.

LY ENCLOSED MOTOR — A motor that is enclosed to prevent the free,ex
inside and outside of the enclosure for windings but not sufficiently enclosed
re acceptable.

1 CONTROL - The actuation of an automatic control for which the’manufactu

jluence have not been declared and tested under this Standard.

2 CONTROL - The actuation of an automatic contrel for which the manufactu

juence have been declared and tested under this:Standard.

TION

onent of a unit intended to be mManually operated or adjusted by the user or th

5e of tools. See 6.2.

erence to 6.1, ordinary tools are considered to be pliers, flat-bladed and cross-rg

han as indicated in 6.4 and 6.5, a unit shall be completely assembled when shi

6.4 If the

change of air
to be airtight.

ring deviation

(tolerance before and after certain conditions) of its operating value, operating time, or

ring deviation

(tolerance before and after certain conditions) ©f ‘its operating value, operating time, or

at will require

cing by the user (e.g. replagement or cleaning) shall be accessible by use of ordinary tools or

pcessed head

bped from the

factory separate from the remainder of the unit.

arkings described in 76.8 are provided, a motor, a blower-drive package, a remote or unit
mounted commmmmmwmmmmped from the

6.5 A louvered panel or grille for indoor air intake or fresh air discharge intended to be installed as part of
a unit intended for built-in installation or an enclosure panel that is not required for every intended
installation of a unit may be shipped separately if:

a) The unit complies with the performance requirements without the panel or grille installed;

b) Ma

rkings in accordance with 76.8 are provided; and

c) Instructions provided describe installation of the panel or grille.

6.6 Any installation that requires the cutting of wiring or the soldering of connections by the installer is not
acceptable. Installations that require cutting, drilling, or welding are not acceptable in electrical enclosures
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and in other areas where such operations may damage electrical components and wiring within the
enclosure. In general, a distance of 6 inches (152 mm) from the opening is considered adequate to reduce
the risk of damage due to drilling or cutting, but other forms of protection may be acceptable.

6.7 A unit shall be so arranged that condensate from the heat exchanger will not wet uninsulated live
parts or film-coated wire.

6.8 A condensate pan shall be designed and located so that overflow due to a blocked drain will not wet
uninsulated live parts other than motor windings. See 6.9 and Section 42, Overflow Tests. Overflowing
water also shall not be retained within the enclosure containing electrical parts or wiring.

6.9 A suita
dripping of w3

hlocated overflow snout or cutout in the condensate nan mav he accentabla f
24 g 1 Y g

ter on electrical parts.

or preventing

6.10 Each
constructed 9

flucted heat-recovery ventilator incorporating electrostatic air cleaning\functipns shall be

nd tested in accordance with UL 867.

7 Attachmgnt Plugs, Receptacles, Connectors, and Terminals

7.1
appliance (fla|

Exception: A
comply with t

7.2 The attd

general-use
power supply
grounding typ

7.3 Quick-c
conductors, H
6.3 mm), inte
the appliance

Exception: O
insertion-with
requirements

7.4 Single and

Attachni

ent plugs, receptacles, appliance couplers, appliance,inlets (motor attachmen
firon) plugs shall comply with the requirements in UL 498.

tachment plugs and appliance couplers integral:to cord sets or power suppl
e requirements in UL 817 and are not required.to comply with UL 498.

chment plug of the power supply cord\of an appliance provided with a 15- @
onvenience receptacle shall be of. the' 3-wire grounding type. The attachmen

cord of all other appliances not-required to be grounded shall be polariz
e.

bnnect terminals, both connectors and tabs, for use with one or two 22 — 10

aving nominal widths of 0.110, 0.125, 0.187, 0.205, and 0.250 inch (2.8, 3.2,

nded for internal wiring connections in appliances or for the field termination of g
shall comply with.the requirements in UL 310.

ther sizes~of-quick-connect terminals shall be investigated with respect to cr
drawal,("and temperature rise. All tests shall be conducted in accordan
in UE:310.

t plugs), and

cords shall

r 20-ampere
t plug of the
ed or of the

AWG copper
4.8, 5.2, and
onductors to

imp pull out,
ce with the

e | =N | Py fora thot P for o m—adat = | niral nanewanad
MU Imunipurc  Lurmicutur o triat arc 1ur uotc nr udaild, OIUIIGI, CUTTU UL, ariu puUvwTl

applications

within and between electrical equipment and that are intended for factory assembly to copper or copper
alloy conductors or to printed wiring boards shall comply with the requirements in UL 1977. See 7.9.

7.5 Wire connectors shall comply with the requirements in UL 486A-486B.

7.6 Splicing

wire connectors shall comply with the requirements in UL 486C.

7.7 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors shall comply with the requirements in UL 486E.

7.8 Terminal blocks shall comply with the requirements in UL 1059 and, if used for field wiring

connection, s
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7.9 Female devices, such as receptacles, appliance couplers, and connectors, that are intended or that
may be used to interrupt current in the end product shall be rated for current interruption of the specific

type of load when evaluated with its mating plug or connector.

8 Protection of Service Personnel

8.1

An uninsulated high-voltage live part and a moving part within the cabinet shall be located, guarded,

or enclosed so as to reduce the risk of injury as the result of contact by service personnel performing
mechanical service functions that may need to be performed with the unit energized. See 8.2 and 8.3.

8.2 Mechanical service functions that may have to be performed with the unit energized include:

a) Ad|usting the setting of temperature controls with or without marked dial settings;

b) Repetting the control trip mechanism;

c) Opgrating manual switches; and

d) Ad|usting air flow dampers.
A factory setjand sealed control is not considered to be adjustable.
8.3 The requirements in 8.1 are not applicable to mechanical sefvice functions that are n¢t intended to
be performed with the equipment energized. Such functions include opening of drain plugg, adjusting or
replacing driye belts, replacing components, and the like.
8.4 Other than as indicated in 8.5, an electrical component that may require examinatior], adjustment,

servicing, or
a)Af
b) An
c)An
d)An
e) An
f)Am
g9)Ad

maintenance is one of the following:

ise;

adjustable or resettable overload relay;

hanual or magnetic motor controller;
hagnetically operated relay;
adjustable.orresettable temperature controller;
anual ‘switching device;

lock timer; and

h) An incremental voltage-tap or motor-speed-tap terminals for a variable-speed motor.

Such a component in a low-voltage circuit shall comply with the requirements in 8.1 in relation to an
uninsulated live part in a high-voltage circuit and to a moving part likely to cause a risk of injury to persons.

8.5 Under certain conditions, some of the components referred to in 8.4 are not required to be accessible
for service. These components are as follows:

a) A nonadjustable magnetic motor controller or a magnetically operated relay that is inaccessible
for service while energized because it is located behind subbases and the like and is not visible
when the access panel(s) is removed;

b) An enclosed potential or current type single phase motor starting relay; and
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c) An incremental voltage tap or a motor speed tap for a variable speed motor that requires contact
with a bare live part of the voltage or speed tap to affect the speed or voltage change, such as an
uninsulated screw or quick-connect terminal.

8.6 The following are not considered to be uninsulated live parts:

a) Coils of controllers, relays, solenoids, and transformer windings, if the coils and windings are
provided with insulating overwraps;

b) Enclosed motor windings;

¢) Terminals and splices with insulation; and

d) InSlIIIated wire.

9 Enclosur

9.1 Genera

9.1.1 Anen
to resist the &
and use resul

9.1.2 Anen
two are to be

9.1.3 Thee
unique fittings
a freestandin

9.1.4 Aunit

9.15 Thee

=)
-

S

closure shall be so formed and assembled that it will have the-strength and rigid
buses to which it may be subjected without total or partial’collapse in shipmen

ting in reduction of spacings, loosening or displacement.of parts, or other defects.

Closure for an individual electrical component, anrouter enclosure, and a comb
considered in determining compliance with the‘requirements in 9.1.1.

nclosure of a unit shall be provided with means for mounting in the intended
necessary for such mounting shall-beshipped with the unit. Other than as indic
, floor-supported unit is not required to be provided with mounting means. See ¢

designed for installation in.a-mobile home shall have provision for securing it in {

nclosure of a unit shall'not have any projections likely to cause persons to trip V

near the unit after it is installed in‘the intended manner.

9.1.6 An oJ
acceptability
(0.51 mm) if
thickness of
surfaces that

ter cabinet is {0 be judged with respect to the size, shape, thickness of n
for the particular application. Sheet steel having a thickness of less tharn
uncoated *or 0.023 inch (0.58 mm) if galvanized and nonferrous sheet mg
ess than 0.023 inch (0.58 mm) shall not be used except for relatively small
are\cdrved or otherwise reinforced.

ty necessary
, installation,

nation of the
manner. Any
ated in 9.1.4,
lso 9.9.2.
lace.
vhen walking
etal, and its
0.020 inch

tal having a
areas or for

9.1.7 Among the factors that are taken into consideration when judging the acceptability of a polymeric
enclosure or an enclosure of magnesium are:

a) Flame resistance;

b) Mechanical strength;

c) Resistance to impact;

d) Moi

sture absorptive properties; and

e) Resistance to distortion at temperatures to which the material may be subjected under
conditions of normal or abnormal usage.
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For a polymeric enclosure, all these factors are considered with respect to aging. See Section 12,
Polymeric and Other Nonmetallic Materials.

9.2 Enclosure thickness

9.2.1 Sheet metal that serves as an electrical enclosure shall comply with the requirements in Table 9.1
or Table 9.2, whichever applies.

Exception No. 1: If the location of the enclosure is adequate to comply with the requirements in 9.1.1, an
enclosure thinner than specified in Table 9.1 and Table 9.2 may be employed. See 9.4.1.

Exception Ne—2tthe-desigrrand-tocationof-components-are-adequateto-comptywiththejrequirements
in 9.1.1, an enclosure thinner than specified in Table 9.1 and Table 9.2 may be employed~Séee 9.4.1.
Exception No. 3: If the strength and rigidity of the frame and enclosure are adequate’to camply with the
requirementg in 9.1.1, an enclosure thinner than specified in Table 9.1 and Tahle.9.2 may be employed.
See 9.4.1.
Table 9.1
Minimum| Thickness of Sheet Metal for Electrical Enclosures~ Carbon Steel or Stainless Steel
With supporting frame or equivalent
Withou{ supporting frame? reinforcing? Minimum thickness in|inches (mm)
Maximum widith® | Maximum length® | Maximum width® Maximum length Metal coated
Uncoated (MSG)
inches (am) inches (cm) inches (cm) inches (cm) (GSG)

4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020¢ (0.51) 0.023¢ (0.58)

4.75 (12.1) 5.75 (14.6) 6.75 (*1) 8.25 (21.0) (24) (24)

6.0 (1%$.2) Not limited 9.5 (24.1) Not limited 0.026¢ (0.66) 0.¢29° (0.74)

7.0 (17.8) 8.75 (22.2) 10,0 (25.4) 12.5 (31.8) (22) (22)

8.0 (29.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)

9.0 (22.9) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)

12.5 (31-8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)

14.0 (3$.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)

18.0 (49.7) Notlimited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)

20.0 (59.8) 250 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)

22.0 (5$.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)

25.0 (6 R) 34-0 (752 7) 35-0 (QR 0) 43-0 (1{'\0 ')) (1 R) ( 5)

25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)

29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (14)

33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) | 0.084 (2.13)

38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) (13) (13)

42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)

47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (12)

52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)

60.0 (152.4) 74.0 (188.0) 84.0 (213.4) | 103.0 (261.6) (1) (11)

63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)

Table 9.1 Continued on Next Page
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Table 9.1 Continued

With supporting frame or equivalent

Without supporting frame? reinforcing?® Minimum thickness in inches (mm)
Maximum width® | Maximum length® | Maximum width® Maximum length Metal coated
Uncoated (MSG) GSG
inches (cm) inches (cm) inches (cm) inches (cm) ( )
73.0  (1854) | 90.0  (228.6) | 1030 (261.6) [ 1270  (322.6) (10) (10)

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

a) A gingle sheet with single formed flanges (formed edges);
b) A ingle sheet which is corrugated or ribbed; and

c) Arl enclosure surface loosely attached to a frame (e.g. with spring clips).

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfages of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels whigch are not supported along one side (e.g. side panels of boxes), the length of the unsupported side ghall be limited
to the dimensior}s specified unless the side in question is provided with a continuous flangeat least 1/2 inch (12.7 m) wide.

9 Sheet steel fojan enclosure intended for outdoor use shall comply with the requirements,for Outdoor Use Equipment.

Table 9.2
Minimum Thickness of Sheet Metal for Electrical Enclosures — Aluminum, Copper, or Brass

With supporting frame or equivalent Minimym thickness
WitHout supporting frame? reinforcing® incheg (mm) AWG
Maximum wjidth® Maximum length® Maximum width? Maximum length
inches (cm) inches (cm) inches (cm) inches (cm)

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (22)
3.5 (8.9) 4.0 (102) 8.5 (21.6) 9.5 (24.1) (0.58)

4.0 10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) (0.74)

6.0 15.2) Netlimited 14.0 (35.6) Not limited 0.036 (18)
6.5 16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91)

8.0 20.3) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 244) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)

12.0 30.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)

18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (12)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)

25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (10)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41)

37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)

52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)

Table 9.2 Continued on Next Page
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Table 9.2 Continued

Without supporting frame?

Minim
inche

With supporting frame or equivalent
reinforcing®

inches

Maximum width®

Maximum length® Maximum width® Maximum length

(cm) inches (cm) inches (cm) inches (cm)

um thickness
s (mm) AWG

a

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is a rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

) A single sheet with single formed flanges (formed edges);

b

C

® The width is {
enclosure may

¢ For panels w
to the dimensi

4 Sheet coppe
Equipment.

A single sheet which is corrugated or ribbed; and
An enclosure surface loosely attached to a frame (e.g. with spring clips).

he smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surf
have supports in common and be made of a single sheet.

hich are not supported along one side (e.g. side panels of boxes), the length of the, unsupported side
ns specified unless the side in question is provided with a continuous flange at least 1/2 inch (12.7 |

, brass, or aluminum for an enclosure intended for outdoor use shall comply,witfrthe requirements fd

hces of an

shall be limited
hm) wide.

r Outdoor Use

9.2.2 With
damage, sug
steel, less th
less than 0.
accordance

9.2.3 With

a) Tw
locatd

b) Fo

The thicknes|
unless a less
two gage siz
MSG instead

9.2.4 With

eference to Exception No. 1 to 9.2.1, the surface of\an enclosure that will be p
h as by being mounted against a duct, may not be less than 0.020 inch (0.51 mn
n 0.023 inch (0.58 mm) if galvanized steel, lessithan 0.036 inch (0.91 mm) if a
33 inch (0.84 mm) if copper or brass, unless a lesser thickness would be
vith Table 9.1 and Table 9.2.

eference to Exception No. 2 to 9.2, 1\the surface of an enclosure may be:

0 gage sizes less than indicated in Table 9.1 and Table 9.2 if the electrical co
d at least 2-1/2 inches (63:5.mm) from the surface; and

Ir gage sizes less if the components are located at least 5 inches (127 mm) from

s shall not be less-than No. 24 MSG or GSG (steel) or 18 AWG (aluminum, cop
er thickness waould be acceptable in accordance with Table 9.1 and Table 9.2. A
bs less isN0."18 MSG instead of No. 16 MSG. An example of four gage sizes
of No. 16,MSG.

rotected from
n) if uncoated
uminum, and
acceptable in

mponents are

the surface.

per, or brass)
n example of
ess is No. 20

or distortion t

9.3 Doors and covers

9.3.1

eference to Exception No. 3 to 9.2.1, consideration is to be given to the degrej}

of deflection

Except as indicated in 9.3.2 and 9.3.3, the door or cover of an enclosure shall be hinged if:

a) The door or cover gives access to any fuse, circuit-breaker handle, or manually resettable lever
of a temperature control in other than a low-voltage circuit; and

b) Replacement of the fuse or resetting of the manually resettable device exposes uninsulated live

parts.

Such a door or cover shall also be provided with an automatic latch or the equivalent. If live parts other
than the screw shell of a plug fuseholder are exposed inside the enclosure, such a door or cover shall also
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be provided with a captive screw or equivalent means requiring the use of a tool to open and to reliably
secure the door or cover in place. See 9.3.4 and 9.3.5.

9.32 Ahing

ed cover is not required for a device in which the only fuses enclosed are:

a) Control circuit fuses, provided the fuses and control circuit loads (other than a fixed control

circuit

load, such as a pilot lamp) are within the same enclosure; or

b) An extractor type fuse with its own enclosure that is accessible without exposing live parts other

than a

fuse contact of the fuseholder.

9.3.3 The removable portion of a fused pullout switch that complies with the requirements in 9.1.1 and

9.1.2,9.1.6

9.2.4,9.3.7, and 9.3.8 Is considered to be an acceptable cover for the fusehold

required to cd

9.3.4 A spri
door closed

"automatic laf
9.3.5 A cov
latch in 9.3.1
a) It n
energ
b) It w
or cov
9.3.6 A scrg

turned is not acceptable as a required enclosuré securing means.

9.3.7 A doo
against a 1/44
four edges of
wall of the bo

Exception: A
acceptable.

mply with the requirements in 9.3.1.

ng latch, a magnetic latch, a dimple, or any other mechanical arrangément thaf
and would require some effort on the user's part to open is considered to

[ or cover giving direct access to fuses in other than a low-voltage circuit shal
inch (6.4 mm) rabbet or the equivalent or shall have either turned flanges for the
angle strips fastened.to it. Flanges and angle strips shall fit closely with the g

proper and shall oyverlap the edges of the box by no less than 1/2 inch (12.7 mn

construction-that affords equivalent protection or a combination of flange g

9.3.8 A stri
secured:

;r used to provide a rabbet and an angle strip fastened to the edges of a ¢

er and is not

will hold the
provide the

an automatic

ring the door

ching means" for holding the door closed as required in 9.3.1.

br interlocking mechanism is considered to comply with the requirements for

f:

hust be engaged in the closed position of the €aver before any uninsulated live part is
zed; and

Il secure the cover in the closed position, if-provided as the sole means for secy

er closed.

w with a knurled and slotted head {for securing with a screwdriver) and that can

be manually

shut closely
full length of
utside of the

n).

nd rabbet is

oor shall be

a) At no less than two points;

b) No

more than 1-1/2 inches (38.1 mm) from each end of each strip; and

c) At points between these end fastenings no more than 6 inches (152 mm) apart.

9.4 Field wiring system connections

941
than:

a) 0.032 inch (0.81 mm) if uncoated steel,

b) 0.034 inch (0.86 mm) if galvanized steel; and

Copyright Underwriters Laboratories Inc.
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c¢) 0.045 inch (1.14 mm) if nonferrous material.

9.4.2 |If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall or
if an equivalent construction is employed, there shall not be less than three or more than five threads in the
metal. The construction of the device shall be such that a conduit bushing can be attached.

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

same as that

of the corresponding trade size of rigid conduit.

9.4.4 A knd

ckout in a sheet metal enclosure shall be capable of being removed withoutd

the enclosuré that would affect the intended attachment of a conduit fitting.

94.5 AKkng
knockout by
point most liK

9.4.6 Akng
shall be so Ig
result in spa

or Table 35.9,

947 Inme
to be assum
single lockny

ckout shall remain in place when a force of 10 pounds (44 N) is applied at right

ely to cause movement of the knockout.

ckout shall be provided with a flat surrounding surface for seating of a condui
cated that installation of a bushing at any knockout likely to be used during instg
Lings between uninsulated live parts and the bushingJess than those specified
as applicable.

asuring a spacing between an uninsulated live part and a bushing installed in a
bd that a bushing having the dimension indicated in Table 9.3 is in place in conj
t on the outside of the enclosure.

eformation of

angles to the

a 1/4 inch (6.4 mm) diameter mandrel with a flat end. The mandrel shall be applied at the

bushing and
llation will not
in Table 35.1

knockout, it is
Linction with a

Table 9.3
Knockout or Hole Sizes and Dimensions of Bushings
Bushing dimensions

Trade sizq of conduit Knockout or hole diameter Overall diameter He|ght
inches (mm OD) inches (mm) inches (mm) inches (mm)
1/2 (21.3) 718 (22.2) 1 (25.4) 38 (9.5)
3/4 (26(7) 1-3/32 (27.8) 1-15/64 (31.4) 27/64 (10.7)
1 (33.4) 1-23/64 (34.5) 1-19/32 (40.5) 33/64 (13.1)
1-1/4 (42.3) 1-23/32 (43.7) 1-15/16 (49.2) 9/16 (14.3)
1-1/2 (48.3) 1-31/32 (50.0) 2-13/64 (56.0) 19/32 (15.1)
2 (60.3) 2-15/32 (62.7) 2-45/64 (68.7) 5/8 (15.9)
2-1/2 (73.0) 3 (76.2) 3-7/32 (81.8) 3/4 (19.1)
3 (88.9) 3-5/8 (92.1) 3-7/8 (98.4) 13/16 (20.6)
3-1/2 (102) 4-1/8 (105) 4-7/16 (113) 15/16 (23.8)
4 (114) 4-5/8 (118) 4-31/32 (126) 1 (25.4)
4-1/2 (127) 5-1/8 (130) 5-35/64 (141) 1-1/16 (27.0)
5 (141) 5-5/8 (143) 6-7/32 (158) 1-3/16 (30.2)
6 (168) 6-3/4 (172) 7-7/32 (183) 1-1/4 (31.8)
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9.5 User servicing

9.5.1 Uninsulated high-voltage live parts of a unit shall be located, guarded, or enclosed so as to reduce
the likelihood of unintentional contact by persons performing operations such as oiling motors, replacing
filters, or adjusting controls. See 76.1.

9.5.2 A rubber or neoprene boot over the terminal of a motor capacitor that is accessible during user
servicing shall:

a) Not be less than 1/32 inch (0.8 mm) thick;

b) Resist thermal degradation; and

c) Inclrporate means to secure the boot in place, such as a molded lip that fits over

the ca

953 Fanb
risk of injury t

9564 Thed

of the unit. Fa
with moving p

pacitor case.

ades, blower wheels, pulleys, belts, and the like shall be enclosed-orguarded
D persons. See 9.5.4 -9.5.8.

bgree of protection required in 9.5.3 depends upon the geferal design and the

arts are:

ctors to be taken into consideration in judging the acceptability of protection ag

the flange of

o0 reduce the

ntended use
ainst contact

a) Thg degree of exposure afforded by intended locations in use;

b) Thg sharpness of the moving parts;

c) Thelikelihood of unintentional contact with the moving parts;

d) Thg speed of movement; and

e) Thg likelihood of fingers, arms, or-clothing being drawn into the moving parts, such as at points
where| gears mesh, where belts travel onto a pulley, or where moving parts close in a pinching or
shearipg action.

9.5.5 Anint
panel is remo
9.5.3.

9.56 The rn
enclosure arg

ved or opened for access to moving parts is considered to provide the protectio

bquirements in 9.5.3 will ordinarily necessitate that an opening in the requi
und\a’moving part comply with the requirements in Table 9.4.

brlocking mechanism that operates to disconnect power to the drive motor wher

the cover or
h required by

red guard or

Table 9.4
Size of Openings
Maximum diameter rod that will pass through the
Straight line distance to moving part from external plane of opening opening

inches (mm) inches (mm)

<2 (=50.8) 1/4 (6.4)

>2and<6 (>50.8 and < 152) 12 (12.7)
>6and<15 (> 152 and < 381) 1 (25.4)

9.5.7

If the starting or restarting of a motor driving a moving part such as described in 9.5.3 is provided

by an automatic cycling device, such as a thermostat, thermal protector, or the like, a guard shall be
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provided if the part is exposed when making normal operating adjustments or changing air filters or if the
part is accessible without requiring the use of tools.

9.5.8 With reference to 9.5.7, the scroll of a centrifugal blower is an acceptable guard for a blower wheel.

9.6 Electrical components

9.6.1

Other than as indicated in 9.6.2, an opening in the enclosure of a unit or in an externally mounted

component shall be located so that it will not vent into a concealed space of a building structure, such as a
false ceiling space, a hollow space in the wall, and the like, when installed as intended.

9.6.2 The
manufacturin

opening ha

g operation, such as

imension more‘\th

aint drainage, if the snod

(6.8 mm) or an area no more than 0.055 square inch (35.5 mm?).

9.6.3 Othet
shall be prov
insulation, or

964 Ina
device, such

a) No

b) Th
includ

9.6.5 Pane

than as noted in 9.6.4, an opening for ventilation in an enclosurg ‘other than
ided with one or more baffles to reduce the risk of emission of flame, molten n
the like from the unit.

compartment other than one that houses a motor overload relay or overcurr
as a fuse or circuit breaker, the baffles mentioned in 9:6.3 may be omitted if:

ventilating opening in a vertical wall is more than:3/8 inch (9.5 mm) in width; or

e unit is so constructed that it is suitable for the purpose, as shown by an
ing short-circuit tests.

boards shall comply with the requirements in UL 67.

9.7 Accessibility of uninsulated live parts, film-coated wire, and moving parts

9.7.1 To re
uninsulated |

Huce the likelihood of unintentional contact that may involve a risk of electri
ve parts or film-coatéd wire or a risk of injury to persons from a moving part, an

outer enclosuire shall comply with~one of the following requirements:

a)Fo
wire 9

b) Fo
or wir|

an opening that has a minor dimension (see 9.7.5) less than 1 inch (25.4 mm),
hall not bé contacted by the probe illustrated in Figure 9.1; or

" an opening that has a minor dimension (see 9.7.5) of 1 inch (25.4 mm) or mor
b shall be spaced from the opening as specified in Table 9.5.

nail or for a
an 17/64 inch

in the bottom
hetal, burning

ent protective

investigation,

c shock from
bpening in the

such a part or

e, such a part

Exception: A motor complying with the requirements in 9.7.2 is not required to comply with these
requirements.
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Figure 9.1
Articulate Probe with Web Stop
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Table 9.5

Minimum Acceptable Distance from an Opening to a Part That May Involve a Risk of Electric Shock

or Injury to Persons

Minor dimension of opening?® Minimum distance from opening to part
inches® (mm)° inches® (mm)P
3/4° (19.1) 4-1/2 (114)
1¢ (25.4) 6-1/2 (165)
1-1/4 (31.8) 7-1/2 (191)
1-1/2 (38.1) 12-1/2 (318)
148 47-6) 4642 (3P4)
211/8 (54.0) 17-1/2 (4445)
>2-1/8land < 6 (>54.0 and < 152) 30 (7p2)

2See 9.7.5.
b Between 3/4

¢ Any dimensid

Bnd 2-1/8 inches, interpolation is to be used to determine a value between values spetified in the tah

n less than 1 inch applies to a motor only.

e.

9.7.2 With
mentioned in

a) An

b) An
wire i

respect to a part or wire as mentioned in 9.7.1, in/an-integral enclosure @
the Exception to 9.7.1:

1) A moving part cannot be contacted by the probe illustrated in Figure 9.2;
2) Film-coated wire cannot be contacted by the probe illustrated in Figure 9.3;

3) In a directly accessible motor.(see 9.7.6), an uninsulated live part cannot be
the probe illustrated in Figure 9:4; or

4) In an indirectly accessible motor (see 9.7.6), an uninsulated live part cannot
by the probe illustrated in Figure 9.2.

5 spaced from the' opening as specified in Table 9.5.

f a motor as

opening that has a minor dimension (see 9.7.5) less than 3/4 inch (19.1 mm) is acceptable if:

contacted by

be contacted

opening that has a) minor dimension of 3/4 inch (19.1 mm) or more is acceptable if a part or
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Figure 9.2

Probe for Moving Parts and Uninsulated Live Parts
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Probe for Film-Coated Wire
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Figure 9.4
IEC Articulate Probe
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9.7.3 The grobes mentioned in 9.7.1 and 9:72 and illustrated in Figure 9.1 — Figure 9.4 arejto be applied
to any depth|that the opening will permit, and are to be rotated or angled before, during, and pfter insertion
through the ¢pening to any position thatis necessary to examine the enclosure. The probes illustrated in
Figure 9.1 and Figure 9.4 are to be applied in any possible configuration; if necessary, the configuration is
to be changed after insertion through the opening.

9.7.4 The grobes mentigned in 9.7.1 and 9.7.2 are to be used as measuring instruments to judge the
accessibility provided by*an opening, and not as instruments to judge the strength of a material; they are to
be applied with the minimum force necessary to determine accessibility.

9.7.5 With reference to the requirements in 9.7.1 and 9.7.2, the minor dimension of an gpening is the
diameter of thelargestcylindrical probe—having—-a-hemispherical tipthat canbe-insered through the
opening.

9.7.6 With reference to the requirements in 9.7.2, a directly accessible motor is a motor that can be
contacted without opening or removing any part or that is located so as to be accessible to contact. An
indirectly accessible motor is a motor that is:

a) Accessible only by opening or removing a part of the outer enclosure, such as a guard or panel,
that can be opened or removed without using a tool; or

b) Located at such a height or otherwise guarded or enclosed so that it is unlikely to be contacted.

9.7.7 During the examination of a product to determine whether it complies with the requirements in
9.7.1 or 9.7.2, an air filter and a part of the enclosure that may be opened or removed by the user without
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using a tool (to attach an accessory, to make an operating adjustment, or for other reasons) is to be
opened or removed.

9.7.8 With reference to the requirements in 9.7.1 and 9.7.2, insulated brush caps are not required to be
additionally enclosed.

9.8 Bottom

9.8.1

closure

An enclosure shall reduce the risk of molten metal, burning insulation, flaming particles, or the like

from falling onto flammable materials, including the surface upon which a unit is supported. See 9.6.3,
9.6.4,and 9.8.2-9.8.8.

9.8.2 Allint
with the requi

9.8.3 An ad

a) Incl

b) Is
75.13

9.84 Anair

9.8.5 Other
bottom closu

a) Op
clad c

b) An

other than terminals.

L

bnded mounting positions of a unit are to be considered in determining if the
fements in 9.8.1.

Ldes space-heating means (electric, hot water, or steam); or

ntended only for nonresidential applications and provided with a marking ag

filter is not acceptable as part of the bottom closure or as a barrier.

than as indicated in 9.8.3, the requirements in 9.8.1 will necessitate that a n

ing wiring (that is, wiring that is-not separately and immediately enclosed in ¢
hble, metal raceway, or the like); or

electrical component (other than a motor) that is not individually and completg

with no openings be provided for a unit'or a compartment thereof that containg:

Linit complies

ceptable bottom closure is considered to be provided if the botterh opening is always
intended to bg¢ connected to a fresh air discharge duct or an indoor intake air duct-and the unit

specified in

onflammable

pnduit, metal

ely enclosed,

Exception: This requirement does not apply if it can be shown that failure of the component would
not re$ult in a risk of fire.
9.8.6 With reference~te 9.8.5(a), a channel or trough under the wiring is acceptable as a bgttom closure
if:
a) Thg wires do not project through the plane of the top of the trough or channel; and

b) The wiring would be acceptable in accordance with 9.7.1 and 9.7.2 if judged as film-coated wire.

9.8.7 The requirements in 9.8.1 will necessitate the use of a barrier of metal or a material classed 5V in
accordance with UL 94 under an open type motor unless:

a) The structural parts of the motor or unit, such as the bottom closure, provide the equivalent of
such a barrier;

b) An overload protective device provided with a motor is such that no burning insulation or molten
material falls to the surface that supports the unit when the motor is energized under each of the
following fault conditions applicable to the motor:

1) Open main winding;
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9.8.8

2) Open starting winding;
3) Starting switch short-circuited; and

4) Capacitor of a permanent-split-capacitor motor short-circuited, while the rotor is locked;
or

c) The motor is provided with a thermal motor protector that will prevent the temperature of the
motor windings from exceeding 125 °C (257 °F) under the maximum load under which the motor
will run without causing the protector to cycle and from exceeding 150 °C (302 °F) with the rotor of
the motor locked.

The barriet cpcu;f;cd i O-8-—7Fsh
a) Belhorizontal;
b) Bellocated as indicated in Figure 9.5; and

c) Haye an area not less than that illustrated in Figure 9.4.

Openings fof drainage, ventilation, and the like may be employed in the barrier, provided that such
openings wolld not permit molten metal, burning insulation, or the like to fall on flammable material.
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Figure 9.5

Location and Extent of Barrier

EB100A C

A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded and is to
consist of the unshielded portion of a motor winding that is partially shielded by the motor enclosure or equivalent.

B — Projection of outline of motor winding on horizontal plane.

C - Inclined line which traces out minimum area of the barrier. When moving, the line is to be always (1) tangent to the motor
winding, (2) 5° from the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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9.8.9 The assembly shall be so arranged that fuses can be replaced and manually reset devices can be
reset without removing parts other than a service cover or panel.

9.9 Through-the-floor installation

9.9.1 A unit designed for connection to a duct that penetrates the building structure that supports the unit
shall be provided with a mounting base of metal or other nonflammable material so designed that, after the
unit is installed, there will be no open passages through the supporting structure that would permit flame or
hot gases from a fire originating in the space below that supporting structure to travel to the space above
that structure. If the unit is intended to be installed on a supporting structure of combustible material, the
base shall be constructed so that the requisite clearance will be maintained between the supporting

structure an

the unit, plenum, and attached duct and so that the spacers necessary to pr

vide required

clearances g
(76.2 mm) be

Exception: T
3/4 inch (19.

9.9.2 The

hall be integral, attached to the unit mounting base, and shall extend not less
low the upper surface of the supporting structure.

he distance for spacers in a unit intended for use only in a mobile homesshall no
| mm).

nit mounting base specified in 9.9.1 may be furnished as a_separate membe

and is not required to be shipped with the unit if not needed for every intended installation.

9.9.3 The
projections. A

994
locations (bg
opening requ

9.9.5 Ther
a)Re
b) An
duct.
10 Protect

10.1  Other
enameling, g
would be like

surface of the unit mounting base in contact withv/the mounting surface s
\ screw or rivet that penetrates that surface of the.unit shall be flathead or recess

ttom, one or more sides, or the like), a, cComplete enclosure shall be provided
ired at a position where the duct may, be attached.

equirements in 9.9.4 will necessitate provision of either:
movable panels that can be.moved to obtain the opening at the desired location;

area with completesenclosure that can be cut, as required, to permit attachm

on Against Corrosion

than as_hoted in 10.2 and 10.3, a ferrous part shall be protected against
alvanizing, plating, or other equivalent means if the deterioration of such an un
Iy.t0 cause a risk of fire, electric shock, or injury to persons.

than 3 inches

t be less than

[ or members

hall have no
ed.

If a unit is so designed that it can be installed in the field with an air duct attached at @ny of several

except for an

or

ent of the air

corrosion by
brotected part

10.2

If the oxidation of ferrous metal due to exposure to air and moisture is not likely to be appreciable,

thickness or metal and temperature also being factors, surfaces of sheet steel and cast iron parts within an
enclosure may not be required to be protected against corrosion.

10.3 The requirements in 10.1 do not apply to bearings, laminations, or minor parts of iron or steel, such
as washers, screws, and the like, unless such parts are relied upon to maintain a permanent grounding
bond. See Section 16, Bonding for Grounding.

11 Materials in Air-Handling Compartments

11.1  Thermal or acoustic insulating material shall be securely positioned where loosening reduces or
blocks air flow that causes temperatures in excess of those acceptable in the temperature test or where
loosening results in the reduction of electrical spacings below the required values, short-circuiting, or
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grounding. Leading edges of insulation shall be protected against damage from the effects of the velocity
of the moving air.

11.2 A mechanical fastener for each square foot (0.093 m?) of exposed surface is considered to securely
position insulating liners to comply with the requirements in 11.1. Mechanical fasteners shall be bolts,
metal clamps, wire rods, or the equivalent. Butting edges of insulation against bulkheads is considered to
provide protection for leading edges against damage from the effects of the velocity of moving air. Rigid or
semirigid sheets of insulating material shall not require fastening to the extent required for less rigid
material or protection of leading edges when the material possesses inherent resistance to damage.

11.3 An adhesive provided to securely position insulating material to comply with the requirements in

11.1 shall ret

in its adhesive qualities at any temperature attained by the adhesive when the

under the pg
equipment or|

11.4 The fla
a duct syster]
accordance
normalized o
peak heat rel

Exception: TH

minus 28.9 °C (minus 20 °F) for outdoor use equipment.

Ime spread index of a material in a compartment handling air intended for circul
n shall not be over 25 and its smoke developed index shall not,be)over 50 w
vith UL 723. Alternately, the material shall be evaluated and determined to
ptical density of 0.5 or less and an average normalized optical density of 0.15
base rate of 100 kW or less when tested in accordance withiUL 2043.

is requirement does not apply to the following:

rformance requirements of this Standard and at minus 17.8 °C (0 °F)<{fef

unit is tested
indoor use

ption through
nen tested in
have a peak
br less and a

a) An
applie
insula

air filter that meets the test requirements in UL 900, drive belt, electrical insulafion, paint as
0 for corrosion protection, and tubing of material equivalent to one of the fypes of wire
ion permitted by this Standard;
b) Gaskets forming an air or water seal between metal parts;

hount, a wire
hg 25 square

c) Mis
tie, a (
inches

cellaneous small parts, such as‘an insulating bushing, a resilient or vibration n
lamp, a label, and a drain line-fitting, with an exposed surface area not exceedi
(0.016 m?);

d) An omplies with

the re

adhesive that, when tested in combination with the specific insulating material, (
yuirement;

e) He
requir
UL 72

at transfer media, polymeric materials, or other nonmetallic materials that meet the
bments in/12:3.1 or have a flame-spread index not over 200 when tested in acgordance with
3 in a uhitynarked "FOR RESIDENTIAL INSTALLATION ONLY" or equivalent marking;

n the Flame-
DI

f) Hea
Expo

[ transfer media that complies with the requirements for air filters in UL 900. Whe

e’ Jest is condl mh:\r‘l’ nnly two Qnmplne of the media are n:\quirnrl to be h:mfnrl"

g) Polymeric materials in such quantities that their total exposed surface area within the
compartment does not exceed 0.93 m? (10 ft2) in accordance with the requirements of 11.5.

11.5 Polymeric materials as specified in (g) of the Exception to 11.4 shall have a flame-spread index of
not more than 25 or shall comply with the requirements of the vertical burning test for classifying materials
5V in accordance with UL 94.

11.6 Exposed unimpregnated asbestos material shall not be used in an air handling compartment. The
unprotected edge of a gasket sandwiched between two parts is considered to be exposed.
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12 Polymeric and Other Nonmetallic Materials
12.1 General

12.1.1 This Section specifies the construction requirements applicable to polymeric and other
nonmetallic materials used in a unit. Details of the performance requirements are specified in Section 48,
Tests for Polymeric Materials.

12.1.2 These requirements apply to a unit intended for indoor use only, having a maximum normal
operating temperature on the material that does not exceed 100 °C (212 °F). See Section 41, Normal
Temperature Test.

12.1.3 Thelacceptability of polymeric material for use in a unit shall be determined for-eagh application.
See Table 13.1 for properties to be evaluated depending on use of the material.

Table 12.1
Evaluation of Properties of Polymeric Materials
Thermal and
Structural acoustical Functional

Chdracteristics to be evaluated Enclosures parts insulation parts

Flammability®
External Jource of ignition Yes Yes Yes®
Internal sgurce of ignition Yes Yes Yes Yes

Heat deflection Yes Yes Yes®
Water absorptipn Yes Yes®
Environmentallexposure Yes Yes
Air oven aging Yes Yes
Tensile and flekural strength Yes Yes
1zod or tensile mpact strength Yes Yes
Impact Yes Yes
Volume resistiyity Yes® Yes® Yes Yes¢
@ A material having a flame-spread rating of no more than 25 when tested in accordance with UL 723 is acceptable [from a
flammability standpoint.
b When applicgble. See 232:8.
¢ When applicgble.
4 When applicgble. See 12.1.4.
¢ When the thermal and acoustical insulation is employed on the outside of the enclosure.

12.1.4 For the purpose of evaluating electrical spacings between an uninsulated live part and a
polymeric material, the material shall be treated as a metal part unless it complies with the requirements of
48.11, Volume resistivity tests.

12.1.5 Consideration shall be given to the possibility of external ignition of a nonmetallic outer enclosure
and of a structural part.

12.2 Polymeric materials and enclosures

12.2.1 Unless otherwise specified in this end product standard, polymeric electrical insulating materials
and enclosures shall comply with the applicable requirements in UL 746C.
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12.2.2 Metallized or painted polymeric parts or enclosures shall comply with the applicable requirements

in UL 746C.

Exception: This requirement is not applicable to exterior surfaces of polymeric enclosure

materials or

parts, provided that the metallized coating or paint does not offer a continuous path for an internal flame to

propagate externally.

12.3 Material classification

12.3.1 A polymeric material or other nonmetallic material used in a unit shall have flammability
classification of 5V, V-0, V-1, V-2, HF-1, HF-2, HBF, or HB as indicated in Table 12.2.
Table 12.2
Acceptable Uses of Materials Based on Flammability Classifications
Type of material
Degree of exposure to ignition
gource HB or HBF HF-1 HF-2 V-2 V-0 or V-1 5V
Not exposed Yes Yes Yes Yes Yes Yes
Exposed but is¢lated, as shown in No No° No#¢ Yes? Yes Yes
Figure 12.1
Exposed No No®© N> Nobe Nob© Yes
NOTE - The flgmmability classifications are in accordance with UL 94.
@ May not be used in Space A illustrated in Figure 12.1 if there are openings in the enclosure bottom in that space.
b Vertically orieted material, when laminated between two metal stitfaces each no less than 0.010 inch (0.25 mm) thick, may
have an exposgd vertical surface no more than 3/8 inch (9.5 mmjwide.
¢ May be used if the only ignition sources are flexible cord or,appliance wiring material of the types described in 14.1.17.

12.4 Ignition sources

12.4.1 With|reference to 12.5.3, Figure 12.1, and Table 12.2, possible ignition sources withi
considered tq be wiring in a highsvoltage circuit and any other electrical component, such
relay, transfofmer, or motor winding, not completely enclosed in:

a) Metal not less than'0.010 inch (0.25 mm) thick; or

b) 5V polymeric’material.

h the unit are
as a switch,

Exception: Wjiring is not required to be isolated as indicated in 12.5, Material applications,

if it complies

with the VW-1 flame test or the vertical flame test described in UL 1581.
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Figure 12.1

Exposure to Ignition Source

300/——'|‘\3OO

\ Polymeric /
\ Space Material /

\

Minitnum Distance \
Between Ignition
Sourlce and Material
as Measured Around
End |of Barrier =

e

/
/  Polymeric ~~

N

X +|Y = 4 inches Material
(102 mm). I
Ignition | |
Source l |
|
Barrier | \\
| |
I \ Minimum Straight —
| | Line Distance o
,I | 4 inches (102 mm)
o ) Sncce/;‘—Bﬂmn_LgniLi.o_n
h"AU'Y”tC:"' I‘\"A \ Source and Material,
ateria I except that this
| distance may be no
less than 2 inches
(51 mm) if the only
ignition source is
wiring.
EB151

Space A — The volume below the ignition source, determined by a straight line that moves about the ignition source while remaining
at an angle of 5° from the vertical and that is always so oriented that the volume is a maximum.

Space B — The volume above the ignition source, determined in the same manner as Space A, except that the angle is 30° from the

vertical.
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12.5 Material applications
12.5.1 Material employed for sole or partial support of live parts shall be classed 5V.

12.5.2 A barrier as illustrated in Figure 12.1 shall be of metal or of 5V material and shall be mechanically
secured in place.

12.5.3 The acceptability of an opening in a control compartment, other than that of minimum size for the
passage of a control shaft or rod, shall be judged on the basis of the necessity for its existence. On any
one surface, the minor dimension of an opening shall not exceed 3/8 inch (9.5 mm), and the maximum
area shall not exceed 0.25 square inch (1.61 cm?), except that this may be increased to a maximum of
1.00 square mnch (R'A’-_\ r\mz) if 2 harriear of motal or 5\/ pnl\]lmnrin material-is—secured—in place and
interposed bgtween ignition sources and combustible material. In any case, the maximumfaggregate area
of all openingp in any one surface shall not exceed 1.00 square inch (6.45 cm?).

12.5.4 With|reference to 12.5.3, wiring in the control compartment is to beiodted awjay from any
openings thal expose the wire to combustible materials. In judging the need for @ barrier, copsideration is
to be given to|grouped openings that have an aggregated area exceeding 0.25 square inch (1|61 cm?).

13 Power Supply Connections
13.1 Permanently connected appliances

13.1.1  An appliance intended for permanent connection to\the power supply shall be constructed so that
it may be perfnanently connected electrically to one of the‘wiring systems that would be acceptable for the
appliance in gccordance with the National Electrical Code, NFPA 70.

13.1.2 In agdition to the requirements specified in this Standard, conduit shall comply with the
requirementsjin:

a)UL{l;
b) UL B60;
c)UL B; or

d) UL p51 for conduit, schedule 40 and 80 PVC.

13.1.3 In additiorn<to the requirements specified in this Standard, fittings for conduit and outlgt boxes shall
comply with tII1e requirements in:

a) UL 514B;
b) UL 514A; or

c) UL 514C.
13.1.4 In addition to the requirements specified in this Standard, electrical metallic tubing — steel (EMT)
and elbows for use as a metal raceway for installation of wires and cables shall comply with the

requirements in UL 797.

13.1.5 A knockout, hole, or threaded hub for connection of a conduit field-wiring system to a field-wiring
compartment shall accommodate conduit of the trade size determined by applying Table 13.1.
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Table 13.1
Trade Size of Conduit in Inches

Wire size Number of wires
AWG (mm?) MCM (mm?) 2 3 4 5 6
14 (2.1) - - 1/2 1/2 12 12 12
12 (3.3) - - 12 12 1/2 3/4 3/4
10 (5.3) - - 12 12 1/2 3/4 3/4
8 (8.4) - - 3/4 3/4 1 1 1-1/4
6 (13.3) - - 3/4 1 1 1-1/4 1-1/4
4 {242y = = 4 4 =tt4 =4 1-1/2
3 (26.7) - - 1 1-1/4 1-1/4 1112 1-1/2
2 (33.6) - - 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) - - 1-1/4 1-1/4 1-1/2 2 2
1/0 (54.0) - - 1-1/4 1-1/2 2 2 2-1/2
2/0 (67.0) - - 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) - - 1-1/2 2 2 2-1/2 2-1/2
4/0 (107.2) - - 2 2 2-1/2 2-1/2 3
- - 250 (127) 2 2-112 2-1/2 3 3
- - 300 (152) 2 2-1/2 3 3 3-1/2
- - 350 177) 2-1/2 2-1/2 3 3-1/2 3-1/2
- - 400 (203) 2-1/2 3 3 3-1/2 4
- - 500 (253) 3 3 3-1/2 4 4
NOTES
1 - This table i based on the assumption that all conductors will be of the same size and that there will be no morelthan six
conductors in the conduit. If more than six conducters will be involved or if all of them are not of the same size, the ipternal cross-
sectional area pf the smallest conduit that may be(used is determined by multiplying by 2.5 the total cross-sectional area of the
wires, based oh the cross-sectional area of Type " THW wire.
2 — Trade size per NEMA C80.1.

13.1.6 An ¢pening for the_entry of a conductor(s) in a low-voltage circuit shall be proyided with an
insulating bushing. The bushing may be mounted in place in the opening or may be provided with the unit
so that it may be propérly mounted when the unit is installed.

13.1.7 A bushing of rubber or rubber-like material provided in accordance with 13.1.6 sh3ll be 1/8 inch
(3.2 mm) or|mere in thickness: however, it may not be less than 3/64 inch (1.2 mm) thick if the metal
around the hole is eyeleted or treated to provide smooth edges. A hole in which such a bushing is
mounted shall be free from sharp edges, burrs, projections, and the like that might damage the bushing.

13.1.8 The wiring of a unit may terminate in a length of flexible metal conduit with an outlet box, control
box, or equivalent enclosure intended for connection of the appliance to the wiring system specified in
13.1.1. Unless the conduit is terminated in an outlet box not larger than 4 by 4 by 2 inches (102 by 102 by
50.8 mm) and for splice connections only, locknuts on the fittings are not considered an acceptable means
for reducing the risk of loosening of the conduit fittings. A grounding conductor of the size specified by the
National Electrical Code, NFPA 70, shall be included unless:

a) The total length of flexible metal conduit of any ground return path in the product does not
exceed 6 feet (1.83 m);

b) No circuit conductor protected by an overcurrent device rated more than 20 amperes is included;
and

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1812 2025.pdf

40

UL 1812

APRIL 1, 2025

Exception: The overcurrent device may be rated up to 60 amperes if 3/4 to 1-1/4 inch trade size
liquidtight flexible metal conduit is used.

c) The conduit is not larger than 3/4 inch trade size, or the fittings are identified as providing
grounding.

13.1.9 With reference to the requirements specified in 13.1.1, an appliance intended for permanent
attachment to a building structure or to a duct-connected appliance shall be provided with means for
permanent electrical connection to the power supply.

Exception: An appliance is not required to be provided with a means for permanent electrical connection if
it is provided with a power-supply cord that:

a)ls

b) Hag three conductors, one being an equipment-grounding conductor;

c)ls

d)Is

e) Complies with the requirements in 13.3.1.2 and 13.3.2, Strain‘relief.

13.1.10 A tgrminal box or compartment in which power-supply{connections are to be mad
located that thhese connections may be inspected after the unit\has been installed as intended

13.1.11 A
requirements

13.1.12 Thqg
will not be rer]

13.1.13 An
area of the re

13.1.14 AW
a supply race|

13.1.15 Adsg
the conducto
least a 6-inch

least 18 inches (45 cm) and not more than 6 feet (1.83 m) long;

pe S, SJ, SJO, SJT, SO, SP-3, SPT-3, or ST;

rmanently attached to the appliance; and

viring compartment for power-supply sConnections is considered to com
in 13.1.10 if it is accessible upon the removal of an air filter or of a panel for serv

wiring compartment for power-supply connections on a built-in unit shall be so
dered inaccessible when installed.

Linwired convenience receptacle may be provided on a unit if the unit is legibly 1
Ceptacle in accordanee with 76.7.

ring compartment secured directly to the enclosure of the unit and intended for
way shall be.se attached to the unit as to be prevented from turning with respect

quate‘space shall be provided in the field-wiring outlet box or compartment for
s of.the number and size required by 13.2.1 and 13.2.3, using Type TW or THY

e shall be so

bly with the
cing.

ocated that it

narked in the

tonnection of
thereto.

nstallation of
V wire with at

(152-mm) length of each conductor brought into the wiring compartment. If nec

bssary, a trial

installation shall be made to determine if the outlet box provides the required space.

Exception: Other types of conductors may be used if specified in the installation instructions.

13.1.16 Nonmetallic-sheathed cables containing two — four thermoplastic-insulated circuit conductors
and with a grounding conductor shall comply with the requirements in UL 719.

13.2 Leads

13.2.1

and terminals

For the purpose of these requirements, field-wiring terminals (or leads) are considered to be the

terminals to which power-supply, control, or equipment-grounding connections will be made in the field
when the unit is installed. It is to be assumed that 60 °C (140 °F) wire will be used for connections
requiring an ampacity of 100 amperes or less and that 75 °C (167 °F) wire will be used for connections
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requiring an ampacity of more than 100 amperes, even if such wire would not be necessary because of the
temperatures measured in the temperature test. See 76.14.

13.2.2 Connection of one supply source shall be to a single set of terminals or leads, but the leads to
which a field wire may be connected may consist of more than one lead when acceptably grouped and
identified.

13.2.3 A unit or remote control assembly shall be provided with field-wiring terminals or leads for
connection to the field installed conductors. Other than as indicated in 13.2.7, each such terminal or lead
shall be acceptable for connection of a conductor having an ampacity, in accordance with the National
Electrical Code, NFPA 70, not less than 125 % of the rated current at that terminal or lead. If a single

conductor la

ger than 500 MCM (253 mm?) would be required. the unit shall have provision f

r connection

of conductor

13.24 Ifa
copper, copp
with the requ

13.2.5 A fig

place (e.g. fimly bolted or held by a screw).

Exception N
accommoda
hold the wire

Exception N

terminal intepded for connection of other than an equipment-grounding conductor.

13.2.6 A fig
friction betw
mortises; by
equivalent m

13.2.7 With
if it is accept
in a low-volt
(1.3 mm?) or
a control circ

5 in parallel.

Linit or remote control assembly is marked to indicate that it is acceptable for us

er-clad aluminum, or aluminum power-supply conductors, a field-winingtermina
rements in 13.2.3 for a wire of each metal.

Id-wiring terminal shall be provided with a pressure terminal_connector secure

o. 1. A wire binding screw may be employed™at a field-wiring termina
e a 10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the equivalent a
in position.

. 2: A soldering lug may be used in place*of a pressure terminal connector for

Id-wiring terminal shall be prevented from turning or shifting in position by meg
pen surfaces. This may be accomplished by two screws or rivets; by square
a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent
ethod.

reference to 13.2.3,'a terminal for field connection of a control circuit conductor

hge circuit_as\defined in 5.13 is acceptable if it is acceptable for connection
18 AWG{0.82 mm?) copper conductor. With reference to 13.2.8, a lead for field
Uit conductor may be 16 or 18 AWG copper.

13.2.8 Othg

e with either
shall comply

y fastened in

intended to
re provided to

a field-wiring

ns other than
shoulders or
part; or by an

is acceptable

hble for the corlnéction of a 14 AWG (2.1 mm?) copper conductor, except that siich a terminal

of a 16 AWG
connection of

connection of

an NEC Class 2 Iow voltage cwcwt shall not be more than two standard W|re sizes smaller than the
branch-circuit power-supply or control circuit conductor (copper) to which it will be connected. In no case
shall such a lead be smaller than 18 AWG (0.82 mm?).

13.2.9 Leads provided for connection to an external high-voltage circuit shall not be connected to wire
binding screws or pressure terminal connectors located in the same compartment as the splice unless:

a) The screws or connectors are rendered unusable for field-wiring connections; or

b) The leads are insulated at the unconnected ends and a marking on the unit clearly indicates the
use of these leads.
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13.2.10 The free end of any lead that may not be used in every installation, such as an equipment-
grounding lead, shall be insulated if that end could reduce spacings below the minimum acceptable values
indicated in Section 35, General.

13.2.11 The lead described in 13.2.8 may be more than two wire sizes smaller than a field-provided
copper conductor to which it will be connected, but no smaller than 18 AWG (0.82 mm?), if more than one
factory-provided copper lead is intended for connection to the same field-provided lead and the

construction complies with the following conditions:

a) The wire connector for the splice connection to the field-provided wire is provided as part of the
unit or remote control assembly, and the wire connector is suitable for the combination of wires that

will be

spliced;

b) A n
splice
inspeq

c) The

13.212 Ind

arking is included indicating that the provided wire connector is to be used for'th
connection. The marking is to be plainly visible in the field-wiring area dufing’in
tion. See 76.17; and

factory-provided leads are grouped in a manner to prevent stress.on’an individu

etermining the size of the power-supply conductors in equipment intended for

e field-wiring
stallation and

al lead.

onnection to

multiple power supplies and in which it is likely that more than six(conductors will occupy the same
raceway, the|additional ampacity deratings given in the National\Electrical Code, NFPA |70, shall be
applied.

13.2.13 Other than as noted in 13.2.14, the free length”of a lead inside an outlet box or wiring
compartment|shall be 6 inches (152 mm) or more if the Jéad is intended for field connection tp an external
circuit.

13.2.14 Thqg lead may be less than 6 inches (1562 mm) in length if it is evident that a longér lead might

result in a risk

13.2.15 A v
diameter).

Exception NQ.

connection of

of fire or electric shock.

ire binding screw at a-field-wiring terminal shall not be smaller than No.

1: A No. 8 (4.2)mm diameter) screw may be used at a terminal intended
a 14 AWG (2. 7~mim?) conductor.

10 (4.8 mm

only for the

Exception Nd. 2: A No~6 (3.5 mm diameter) screw may be used for the connection of a 16 or 18 AWG
(1.3 or 0.82 mm?) eentrol circuit conductor.
13.2.16 A terminat-ptate—tappedfora—wirebinding—screw—shal-be—of-metalnotdess—than 0.050 inch

(1.27 mm) thick. There shall be no fewer than two full threads in the metal.

Exception: A plate not less than 0.030 inch (0.76 mm) thick is acceptable if the tapped threads have
adequate mechanical strength.

13.2.17 A terminal plate may have the metal extruded at the tapped hole to provide two full threads for
the wire binding screw.

13.2.18 Upturned lugs or a cupped washer shall be capable of retaining a supply conductor of the size
indicated in 13.2.3 under the head of the screw or washer.

13.219 Aw
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13.2.20 A unit intended for connection to a grounded conductor and employing a single-pole switch or
overcurrent-protective device other than an automatic control shall have one terminal or lead identified for
the connection of such conductor. The identified terminal or lead shall be the one to which no switches or
overcurrent protective devices of the single-pole type are connected, other than automatic controls without
a marked off position.

13.2.21 A lead provided for connection of a grounded conductor shall be finished to show a white or gray
color, and no other leads other than grounded conductors shall be so identified. See 13.2.23.

13.2.22 A field-wiring terminal for the connection of a grounded conductor shall be identified by means of
a metallic plated coating substantially white in color and shall be readily distinguishable from the other

terminals, or

proper identification of the terminal for the connection of the grounded cond

ctor shall be

clearly show

13.2.23 Th
that is visibl
requirementg
2 wiring and

13.2.24 |Its
is the smalle

h in some other manner, such as on an attached wiring diagram.

b requirements in 13.2.21 and 16.12 relating to color coding of a lead apply to i
b in a wiring compartment in the area in which field connectionsare to be

do not apply to leads of wiring of low-voltage circuits intended to be field conne
hat are separated or segregated from high-voltage circuit field-wiring connectior

hould be noted that, according to the National Electrical Code, NFPA 70, 14 AV
5t conductor that may be used for branch circuit wiring,&and thus is the smallest g

nternal wiring
made. These
cted to Class
s by barriers.

VG (2.1 mm?)
onductor that

may be anticjpated at a terminal for the connection of a power-supply wire.

13.3 Cord-connected appliances

13.3.1 Cordls and plugs

13.3.1.1 In

addition to the requirements specified in this Standard, cords and plugs shall cg
requirementg i

n:

mply with the

a) UL|817; or

b) UL|62.

13.3.1.2 Th
from the face

e length of cord external to the appliance shall be no longer than 6 feet (1.83
of the attachment plug to the point of attachment to or entry into the enclosure.

m) measured

13.3.1.3 TH
inches (91 ci

eater than 36
75.20.

e supply.cord of a heat recovery ventilator intended for use with a power cord g
h) to less than or equal to 72 inches (1.83 m) shall be marked in accordance with

13.3.1.4 Aflexible cord shall be rated for use at a voltage not less than the rated voltage of the appliance
and shall have an ampacity not less than the current rating of the appliance.

13.3.1.5 An attachment plug shall be rated for the current and voltage ratings of the appliance. If an
appliance can be adapted for use on two or more different values of voltage by field alteration of internal
connections, the attachment plug shall be rated for the voltage for which the appliance is connected when
shipped from the factory. Instructions shall be provided to indicate the type of plug that should be used if
the appliance is reconnected for the alternative voltage.

13.3.2 Strain relief

13.3.2.1 Strain relief shall be provided so that the mechanical stress on the flexible cord is not
transmitted to terminals, splices, or internal wiring. See 58.1.
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13.3.2.2 A metal strain-relief clamp or band is acceptable without supplementary protection on a Type
SJ, SJO, SJT, SJTO, S, SO, ST, STO, SV, or SVO cord.

13.3.2.3 A strain-relief clamp or band of metal shall not be used on Type SP-2 or lighter rubber-insulated
cord or on Type SPT-1, SPT-2, SVT, or SVTO cord unless such a cord is protected by varnished cloth
tubing or the equivalent under the clamp and the construction of the clamp complies with the requirements
specified in 58.3.

13.3.2.4 Means shall be provided to prevent the flexible cord from being pushed into the appliance
enclosure through the cord-entry hole if such displacement might subject the cord to mechanical damage
or to exposure to a temperature higher than that for which the cord is suitable or might reduce spacings,

suchastoan

netal strain-relief clamp, below the minimum acceptable values

13.3.25 If4
be free from

13.3.3 Buslhings

13.3.3.1 AL
opening in a
have a smoo
provided if;:
a) The
b) The

c) The

Exception: Fq

material, a smoothly rounded surface is considered to be the equivalent of a bushing.

13.3.3.2 Ce

13.3.3.3 Vu
formed and s

13.3.34 A
the frame of 3

knot in a flexible cord serves as the strain relief, the surfaces that the knot im4
rojections, sharp edges, burrs, fins, or the like that may damage the conductors

ushing or the equivalent shall be provided at a point where a\flexible cord passe
vall, barrier, or enclosing case. The bushing shall be substantial, secured in pl3
th, well-rounded surface against which the cord may bear. An insulating bus

cord is Type S, SJ, SJO, SJT, SO, SP-3, SPT:3,)ST, SP-1, or heavier cord;
wall or barrier is of metal; and

construction is such that the cord may,be subjected to stress or motion.

r a cord hole in wood, porcelain; phenolic composition, or other acceptable n

ramic materials and some molded compositions are acceptable for insulating bu

canized fiber may-be employed if the bushing is not less than 3/64 inch (1.2 mn
bcured in place S0 that it will not be damaged by conditions of ordinary moisture.

eparate_soft-rubber, neoprene, or polyvinyl chloride bushing may be employed
motorif the bushing is:

a) NotH

y touch shall

s through an
ce, and shall
hing shall be

bnconductive

shings.

h) thick and if

in a fan or in

thaon
ICoo uidri

b) Located so that it will not be exposed to oil, grease, oily vapor, or other substances that may
deteriorate the compound employed.

13.3.3.5 A bushing of a material specified in 13.3.3.4 may be employed at any point in an appliance only
if used in conjunction with a type of cord for which an insulating bushing is not required.

13.3.3.6

shall be smooth and free from sharp edges.

If a bushing of a material specified in 13.3.3.4 is used, the hole in which the bushing is mounted

13.3.3.7 A bushing of the same material as and molded integrally with the supply cord is acceptable on
Type S, SJ, SJO, SJT, SO, SP-3, SPT-3, ST, SP-1, or heavier cord if the built-up section is not less than
1/16 inch (1.6 mm) thick at the point where the cord passes through the enclosure.
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13.3.3.8 An insulated metal grommet is acceptable in place of an insulating bushing if the insulating
material is not less than 1/32 inch (0.8 mm) thick and completely fills the space between the grommet and
the metal in which it is mounted.

13.4 Power supplies

13.4.1 A Class 2 power supply shall comply with the requirements in one of the following:

a) UL 1310;

b) UL 60950-1 with an output marked "Class 2" or that complies with the limited power source

(LPS) requirements and is marked "LPS"; or

c) UL|62368-1, evaluated to either:

1) ES1 and PS1; or
2) ES1 and LPS.

13.4.2 A ngn-Class 2 power supply shall comply with the requirements in_.one of the followir|g:

a) uL{1012;

b) UL|60950-1; or

c) UL(62368-1.
14 Internal Wiring
141 Geneiral
14.1.1  The|requirements in this Section apply to all internal wiring except that which is locpted in a low-
voltage nonspfety circuit.
14.1.2 For the purpose of theserequirements, the internal wiring of a unit, including wiring which may not
be completely enclosed and-wiring which may be in the form of flexible cord or equivalent appliance wiring
material, is donsidered totbe all the interconnecting wiring beyond the wiring terminals or I¢ads for field-
wiring conneftions.
14.1.3 No temperature limit is applicable to a conductor (except as noted in the requirements for copper
conductor, bareof insulated, without tinning, nickel coating, or silver plating in Table 41.1) [provided with
beads of noncarbonizabte materiator the equivatent:

14.1.4 The wiring and connections between parts of a unit not enclosed within the entire enclosure shall
be protected by use of conduit, electrical metallic tubing, metal clad cable with appropriate fittings, or by
other equivalent means (including the enclosure of the unit). See 9.8.5.

14.1.5 Internal wiring that is exposed through an opening in the enclosure of a unit is considered to be
protected as required in 14.1.4 if, when judged as though it were film-coated wire, the wiring would be
acceptable according to 9.7.1 and 9.7.2. Internal wiring that can be touched with the probe is acceptable if
it is so protected or guarded that it cannot be grasped or hooked in a manner that would subject the wire to
stress.

14.1.6 The internal wiring shall consist of wires of a type(s) that are rated for the particular application,
when considered with respect to:
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a) The temperature and voltage to which the wiring is likely to be subjected;
b) Its exposure to oil or grease; and

c) Other conditions of service to which it is likely to be subjected.

14.1.7 Building wires acceptable for internal wiring include thermoset-insulated conductors such as
Types RH, RHH, and RHW; and thermoplastic-insulated conductors such as Types TW, THHN, THW,
THWN, and MTW.

14.1.8 Fixture wires acceptable for internal wiring include thermoset-insulated conductors such as Types
RFH-2, SF-2, SFF-2, and FFH-2; and thermoplastic insulated conductors such as Types TF, TFF, TFN,

and TFFN.
14.1.9 In addition to the requirements specified in this Standard, building and fixture wire |shall comply
with the requirements in:

a) UL #4;

b) UL B3; or

c) UL [1063.
14.1.10 Flexible cords acceptable for internal wiring includexTypes HPN, HS, HSJ, HSJO,[HSO, S, SJ,
SJO, SJT, SJ[NO, SO, ST, STO, SP-2, SP-3, SPT-2, and SPT-3.
14.1.11 Apgliance wiring material having thermoplastic insulation not less than 2/64 inch (9.8 mm) thick
for 18 — 10 AWVG (0.82 — 5.3 mm?), 3/64 inch (1.2 mm) thick for 8 AWG (8.4 mm?), and 4/64 ipch (1.6 mm)
thick for 6 — 2] AWG (13.3 — 33.6 mm?) is acceptable for internal wiring.
14.1.12 Appliance wiring material having-rubber, neoprene, or thermoplastic insulation with properties

equivalent to

4/64 inch (1.6 mm) for 18 — 16 AWG0.82 — 1.3 mm?) and 5/64 inch (1.9 mm) for 14 — 10

5.3 mm?), is 2

14.1.13  Wir
use in moist |

14.1.14 If w
cable or shall

the jacket of Types SJ, SJO; SJTO, or SJT cord, with an insulation thickness

cceptable for internabwiring where permitted by 14.1.21.

ng that may be.subject to moisture, such as condensation, shall be of a type th
bcations.

ring is:located so that it may be in proximity to combustible material, it shall &
beenclosed in conduit, electrical metallic tubing, metal raceway, or equivalent. §

not less than
AWG (2.1 —

At is rated for

e metal clad
bee 14.1.15.

14.1.15 With reference to 14.1.14, wiring that is adjacent to an opening in an enclosure that will abut a
building structure after installation of the unit and wiring in a compartment containing thermal insulation or
other material that is not self-extinguishing are considered to be in proximity to combustible material.

14.1.16 Other than as noted in 14.1.17, wiring that is located so as to be subject to physical damage,
such as in the compartment where plumbing connections must be made, or that is in a duct-connected
assembly shall be enclosed as described in 14.1.14.

14.1.17 With reference to the requirements in 14.1.16, if the wiring is cord such as Type SO, ST, SPT-3,
SJO, or SJT, or single or multiple conductor appliance wiring material having an insulation wall thickness
not less than 1/16 inch (1.6 mm) for 18 or 16 AWG (0.82 or 1.3 mm?) or 5/64 inch (2.0 mm) for 14 — 10
AWG (2.1 — 5.3 mm?), and is rated for refrigeration or air conditioning use, it is not required to be so
enclosed.
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14.1.18 Other than as indicated in 14.1.19 — 14.1.21, wiring in a compartment through which air to or
from the conditioned space is circulated shall be in metal-clad cable or in rigid metal conduit, electrical
metallic tubing, or other metal raceway.

14.1.19 The requirements in 14.1.18 do not apply to wiring in a control compartment through which
bypass air is circulated; that is, a portion of the total air that is taken from within the unit, passes through
openings in the compartment, and returned within the unit. The total area of openings for bypass air in any
surface of a control compartment shall not exceed 10 % of the total area of that surface.

14.1.20 Other than as noted in 14.1.21, lengths not exceeding 4 inches (102 mm) of unenclosed wiring
of the types specified in 14.1.7, 14.1.8, and 14.1.11, or equivalent may be employed if enclosed within the
unit cabinet and supported to prevent damage from air movement

14.1.21
conductor a

Types SJO, SJT, SJTO, SO, ST, STO, or SPT-3 flexible cords or equivalent\sindle or multiple

protected as

bpliance wiring material (see 14.1.12), without limitation on length, may be
described in 14.1.20.

employed if

14.1.22 Unpenclosed wiring of the types described in 14.1.11, without limitation on the length, may be
employed within the unit cabinet if:
a) The unit cabinet has no openings other than duct openings;
b) The wiring is secured and supported to prevent damage from air movement; and
c) No| combustible material other than electrical insulation or an air filter is located within the unit
cabingt unless the wiring complies with the Exception to 12.4.1.

14.1.23 Af
the cord is Ty

Bn motor may be provided with a cord,and attachment plug to permit removal f
pe SO, ST, STO, SPT-3, SJO, SJT;-or SJTO, or the equivalent.

or servicing if

14.2 Methqgds
14.2.1 Strajn relief intended to prevent mechanical stress from being transmitted to termjnals, splices,
and the like ghall be provided orfwiring that is likely to be moved during installation and user $ervicing.

14.2.2 Wirg

s within an_enclosure, compartment, raceway, or the like shall be so disposeq

or protected

that no damage to conductor insulation can result from contact with any rough, sharp, or moving part or

from air mov

14.2.3 A hd

bment,

le by’which insulated wires pass through a sheet-metal wall within the overall e

hclosure shall

be provided

ith= Smootnly rounaea Dusning or sndll nave smootn, rounaed surfaces U

wires may bear, to prevent abrasion of the insulation.

14.2.4
enclosure.

on which the

Insulated wires may be bunched and passed through a single opening in a metal wall within the

14.2.5 Splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered.

14.2.6 A splice in an air handling compartment shall be in a separate enclosure unless normal air motion
in the compartment is not likely to cause movement of the splice or conductors.

14.2.7 A splice shall be provided with insulation equivalent to that of the wires involved if spacing
between the splice and other metal parts can be unintentionally reduced.
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14.2.8 Insulation consisting of two layers of thermoplastic tape, or of one layer of friction tape on top of
one layer of rubber tape, is acceptable on a splice if the voltage involved is less than 250 volts. In
determining if splice insulation consisting of coated fabric, thermoplastic, or other tubing is acceptable,
consideration is given to such factors as its dielectric properties and its heat resistant and moisture
resistant characteristics. Thermoplastic tape wrapped over a sharp edge is not acceptable.

14.2.9 Loose strands of stranded internal wiring connected to a wire binding screw shall be prevented
from contacting uninsulated live parts that are not always of the same polarity as the wire and from
contacting dead metal parts. This may be accomplished by use of pressure terminal connectors, soldering
lugs, crimped eyelets, soldering all strands of the wire together, or other equivalent means.

14.2.10 Oth e thermal- or
overcurrent-protected motors or one or more such motors in combination with an electric resigtance heater
wired for corjnection to one supply line shall withstand short-circuit and ground-fault. cenditions when
tested in accqrdance with Section 49, Short-Circuit Tests.

14.2.11  With reference to 14.2.10, conductors are considered acceptable without test if:

a) The conductors have an ampacity of not less than one-third,'the ampacity of the supply
condugtors as determined in accordance with 13.2.1 and 13.2.3:*Ampacities are to bg¢ determined
from the ampacity tables in the National Electrical Code, NEPA 70, for the type of|wire or cord
emplolyed or for the wire or cord equivalent to appliance wiring*material;

b) The conductors, including those enclosed in raceways, are 18 AWG (0.82 mm?) pr larger and
not more than 4 feet (1.22 m) long, and the circuit will'be protected by a fuse or circuif breaker that
is rated 60 amperes or less as specified on the unit-hameplate or that is provided as pfgrt of the unit
and agceptable for branch-circuit protection;

c) The conductor is a jumper lead between controls and is not longer than 3 incheg (76.2 mm),
unlesg the conductor is located in a control panel; or

d) Theg conductor is connected between two fixed impedances that reduce the risk of a high vault
current within the conductor (e€xamples of two such impedances are a motor-running ¢apacitor and
a starff winding of a permanent-split-capacitor motor).

15 Separatjon of Circuits

15.1 Conduftors of different circuits (e.g. low-voltage and high-voltage circuits) in internal wiring,
including insylated wires in a wiring compartment, shall be:

a) Proyided'with insulation rated for the highest voltage involved; or

b) Separated by a barrier or otherwise segregated from an uninsulated live part connected to a
different circuit.

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

15.3 Other than as noted in 15.5 and 15.6, barriers shall be provided to separate conductors that will be
field installed from:

a) Conductors of any other circuit that will be field installed;
b) Conductors of any other circuit that are factory installed;

c¢) Uninsulated live parts of any other circuit; and
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d) Uninsulated live parts of the same circuit, if short-circuiting of the live parts may result in a risk of
fire, electric shock, or injury to persons.

Exception No. 1: The barriers required in 15.3 (a) and (b) may be omitted if the conductors involved are
insulated for the maximum voltage of either circuit.

Exception No. 2: The barriers required in 15.3 (c) and (d) may be omitted if the field installed conductors
will have a voltage rating not less than the potential on the uninsulated live part.

15.4 With respect to 15.3 (a) and (b), a removable barrier or one having openings for the passage of

conductors may be employed if:

a) Instructions for the use of the barrier are given in a permanent manner on the unit; and

b) Usg of the barrier does not require any manipulation of factory-installed leads (othe
provided for field-wiring connections).

Exception:

removable barrier or one having openings for the passage of cohductors may

complete ingtructions, in conjunction with a wiring diagram, will provide.forthe acceptable

the high-volt,

15.5 Segre
live parts of
openingsin t
parts, so tha
following sh

wiring
assur

I
a) If’]\

ge and low-voltage circuits.

he unit connected to different circuits may be accomplished by arranging the |
he enclosure for the various conductors, with respect to the terminals or other ur
there is no likelihood of the intermingling of;the conductors or parts of differen
| be considered in determining compliancg with this requirement:

e number of openings in the enclosure does not exceed the minimum required
of the unit and if each such opening is located opposite a set of termina
ned, for the purpose of determining compliance with 15.3, that the conductor

r than pigtails

be omitted if
separation of

hation of field installed conductors from other field installed conductors and from uninsulated

bcation of the
insulated live
[ circuits. The

for the proper
s, it is to be
5 entering an

opening will be connected to the terminals opposite that opening;

kelihood of a
tended to be
to a different

b) If gnore than the minimum“number of openings are provided, there shall be no |
condyctor that enters at a.point other than opposite the terminals to which it is in
conngcted, contacting/insulated conductors or uninsulated live parts connected
circuif; and

c) To
servig
stowq

t would be in
slack is to be

determin€ if-a unit complies with the requirements in 15.3, it is to be wired as
e. In so.doing, slack is to be left in each conductor within the enclosure, and this
d in the'wiring compartment.

15.6 Unclosed openings in a barrier for the passage of conductors shall not be Targer in diameter than
1/4 inch (6.4 mm) and shall not exceed in number, on the basis of one opening per conductor, the number
of wires that will need to pass through the barrier. The closure for any other opening shall present a
smooth surface wherever an insulated wire may be in contact with it, and the area of any such opening,
with the closure removed, shall not be larger than required for the passage of the necessary wires.

15.7 A metal barrier shall have a thickness of at least 0.020 inch (0.51 mm) if uncoated steel, 0.023 inch
(0.58 mm) if galvanized steel, and 0.023 inch (0.58 mm) if nonferrous metal. A barrier of insulating material
shall be no less than 1/32 inch (0.8 mm) in nominal thickness with a minimum thickness of 0.028 inch
(0.71 mm) and shall be of greater thickness if its deformation may be readily accomplished so as to defeat
its purpose.

15.8 The output of a transformer device supplying an NEC Class 2 low-voltage circuit shall not be
interconnected with the output of another such transformer device provided as part of the equipment
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unless the voltage and current measurements at the output terminals of the interconnected devices do not
exceed the limits for a single Class 2, 30-volt or less transformer device.

15.9 Two or more transformer devices supplying circuits classified as low-voltage circuits and provided
as a part of the equipment shall be treated as separate circuits unless the devices are interconnected as
permitted in 15.8. If more than one such circuit is to be field wired, the several circuits shall be separated
by barriers in accordance with 15.3, and the field wiring connection point of each circuit shall be marked to

warn that the

separation shall be maintained.

16 Bonding for Grounding

16.1 Electrigal r\r\nfinllify shall he prn\lirlnd hetween all avpnenrl dead metal parfe and-all dead metal
parts within the enclosure that are exposed to contact during any user-servicing operationjfand that can
become energized and:
a) The equipment-grounding terminal or lead, and to the metal surrounding the knockout, hole, or
bushing provided for field power-supply connection for an appliancelintended for permanent
electrical connection; or

b) The point of connection of the equipment-grounding conductér of the power-supply cord for an
appliapce equipped with a power-supply cord of the grounding type. See 16.7.
16.2 In addjtion to the requirements specified in this Standard, equipment used for grounding and
bonding shalljcomply with the requirements in UL 467.
16.3 Other than as indicated in 16.4 and 16.5, a .field-wiring terminal or lead for connection of an

equipment-gr|

a) The
shall b

b) The
groun
Groun
NFPA

NOTE:
NFPA 7]

c) If m
field g

bunding conductor shall be provided as:follows:

equipment-grounding terminal or{ead shall be located in the field-wiring com
e identified in accordance with 16211 and 16.12;

equipment-grounding terminal or lead shall be acceptable for connection of a
jing conductor of at least-the size required by the requirements for Minimum Siz
ding Conductors foriGrounding Raceway and Equipment in the National El¢
70, based on the(Size of the overcurrent device protecting the circuit;

[The Minimum Size Equipment Grounding Conductors for Grounding Raceway and Equipment
D can be found'in‘Table 250.122.

ore than-one circuit is to be connected to the equipment, the terminal or lead
onnection of an equipment-grounding conductor shall be acceptable for cor

bartment and

N equipment-
e Equipment
ctrical Code,

requirements of

provided for
nection of a

separate-grounding conductor for each circuit; and

d) If there is provision for connection of two or more power-supply conductors in parallel at each
terminal, as specified in 13.2.3, provision shall be made for connection of an equal number of
equipment-grounding conductors. The size of each of these equipment-grounding conductors shall
comply with the requirements in (b), except that it need be no larger than one of the power-supply

conductors.

Exception: A permanently connected appliance provided with double insulation in accordance with UL
1097 is not required to comply with this requirement.

16.4 The equipment-grounding terminal or lead specified in 16.3 is not required for a low-voltage (NEC
Class 2) control circuit connection, and may be omitted for a high-voltage circuit connection if:
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a) The rating of the product is such that the power-supply conductors are likely to be larger than 2

AWG

(33.6 mm?). See 16.5;

b) The construction is such that a terminal can be acceptably installed in the field (e.g. the terminal
can be secured without a drilling or cutting operation upon installation and acceptable space for the
equipment-grounding conductor is provided); and

¢) The product is marked as required in 76.22.

16.5 With reference to 16.4(a), a field-wiring power-supply conductor is likely to be larger than 2 AWG

(33.6 mm?) if

a) T
ampe
condy

b) An
than ]
alumi

c) An

76.19

16.6  With
grounding cq
employed if
may serve fo

16.7 A pow
Exception: A

dead metal
provided with

16.8 A corgl-connected appliance provided with double insulation in accordance with U

required to b

16.9 Aneq

a) Fin

lllallr\cl:lI III;II;IIIUIII U;Ibu;t alllpau;ty fUI thc b;lbu;t ulldcl bUIIO;dCIGt;UII ;D LILIL
res for copper conductors or more than 75.5 amperes for aluminum or copper-g
ctors;

hinimum circuit ampacity is not required to be marked (see 75.8) andithe’rated ¢
6.4 amperes for copper conductors or more than 60.4 amperes for-aluminum d
hum conductors; or

y marking on the product indicates use of a conductor larger than 2 AWG (33

eference to 16.3 (¢) and (d), an individual terminal or lead for each field wire
nductor may be provided. A single terminal for¢connection of all such condu
hcceptable for the application. A lead for cennection of an equipment-ground
r connection of more than one circuit.

ppliances with no parts regliiring electrical continuity in accordance with 16.1 3
parts likely to become ‘energized which are in contact with water are not r¢
an equipment grounding conductor.

b provided with an equipment-grounding conductor. See also 7.2.

Llipment-grounding conductor of a flexible cord shall be:

ished to show a green color with or without one or more yellow stripes;

pre than 95.5
lad aluminum

rrent is more
r copper-clad

16 mm?). See

d equipment-
ctors may be
ng conductor

er-supply cord of an appliance for Us€ on a circuit operating at a potential of more than 150
volts to ground shall include an equipment-grounding conductor.

nd having no
bquired to be

L 1097 is not

b) Connected to the grounding member of an attachment plug of the grounding type; and

c) Connected to the dead metal parts mentioned in 16.1 by a screw or other acceptable means not
likely to be removed during servicing. Solder alone is not acceptable for making this connection.

16.10 The screw mentioned in 16.9(c) shall be of corrosion-resistant metal or shall be adequately
protected against corrosion. A lock washer or equivalent means shall be employed to prevent the screw
from becoming loosened by vibration. The screw shall have a green-colored head that is hexagonal,
slotted, or both, and shall be located so that it is not likely to be removed during intended servicing of the
appliance.

16.11 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. A pressure wire connector intended for
connection of such a conductor shall be plainly identified, such as by an adjacent marking "G", "GR",
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"Ground", "Grounding", by being colored green, by the symbol @ or the equivalent, or by a marking on a
wiring diagram provided on the unit. The wire binding screw or pressure wire connector shall be so located
that it is not necessary to be removed during servicing of the unit.

16.12 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be green, with or without one or more yellow stripes, and no lead visible to the installer
other than grounding conductors shall be so identified except in a separate low-voltage NEC Class 2
wiring compartment. See 13.2.23.

16.13 Splices shall not be employed in wire conductors used to bond electrical enclosures, motor

frames, or other electrical components.

16.14 A bor
metal, it shall
of acceptable
damage. See|

16.15 Bond
connection, 4
coatings such

16.16 A bol
screwhead is

16.17 If the

ding conductor shall be of material acceptable for use as an electrical conducto
be protected against corrosion by painting, plating, or the equivalent. The\cond
size. A separate bonding conductor shall be installed so that it is protected fron
14.1.14.

ng shall be by a positive means, such as by a clamped, riveted, bolted, or sq
y brazing, or by welding. The bonding connections shallcreliably penetrate n
as paint.

ted or screw-secured connection that incorporates d star washer or serratio
acceptable for penetrating nonconductive coatings if required for compliance wi

bonding means depends upon screw threads, two or more screws, or two full

single screw ¢ngaging metal, it shall comply with the requirements in 16.15.

16.18 Metal
bonding the d

16.19 A mo

-to-metal hinge-bearing members~for a door or cover are considered to be
oor or cover for grounding if a multiple-bearing pin-type hinge is employed.

or frame shall be bonded for grounding. A motor frame bonding connection shg

by riveting; bolting; welding, soldering, or brazing with material having a softening or melting

than 454 °C
depends upo

16.20 A cor

849 °F); or equivalent positive means. Other than as indicated in 16.20, a co
h the clamping action of rubber or similar material is not acceptable.

comply with the requiréments in:

a) Seq

tion\53, Grounding Means Overload Test; and

. If of ferrous
ictor shall be
h mechanical

rew-secured
bnconductive

hs under the
h 16.15.

threads of a

a means for

Il be secured
point greater
hnection that

nection that.depends upon the clamping action exerted by rubber or similar material shall

b) Section 49, Short-Circuit Tests, under any degree of compression permitted by a variable
clamping device and after exposure to the effects of oil, grease, moisture, and thermal degradation
likely to occur in service.

The effect of assembling and disassembling such a clamping device, as for maintenance purposes, is also
to be considered with particular emphasis on the likelihood of the clamp being reassembled in its intended

fashion.

16.21

A separate conductor employed to bond an electrical enclosure, motor frame, or the like shall:

a) Be a copper or aluminum conductor at least as large as specified in Table 16.1 based on the
rating of the branch-circuit overcurrent device by which the unit or section of the unit will be
protected;
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b) Be at least as large as the conductors supplying the component being bonded; or

c) Comply with the requirements in:

1) Section 53, Grounding Means Overload Test; and

2) Section 49, Short-Circuit Tests.

Exception: The short-circuit tests may be waived if the conductor is an 18 AWG (0.82 mm?) or
larger copper conductor, not more than 4 feet (1.22 m) long, and connected in a circuit that will be
protected by a fuse or circuit breaker rated 60 amperes or less.

Table 16.1
Bonding-Wire Conductor Size
Size of bonding conductor?
Rating of ovefcurrent Copper wire Aluminum wire
device, amperes AWG (mm?) AWG (mm?)
15 14 2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
@ Or equivalen{ cross-sectional area.

17 Refrige

17.1  Refrig

a) Th
othen

b) Ex
with t
17.4;

c) Tu

rant, Hot Water, and Steam Coils

erant-containing componernts’shall comply with the following requirements:

by shall be constructed ‘of corrosion-resistant material, or shall be plated, dipp
vise treated to resistexternal corrosion;

and

bing used in the construction of refrigerant-containing components, such as an

condé

nser r\nil, that is nr‘lnqunfnly prnfnr\fnd hy the inherent construction shall co

¢d, coated, or

Cept as stated,in'(c), tubing used to connect refrigerant-containing componentg shall comply
ne minimum'wall thickness requirements of Table 17.1 and with the strength refiuirements of

evaporator or
mply with the

strength requirements specified in 17.4.
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Table 17.1
Tubing Wall Thickness
Minimum wall thickness?
Copper
Outside diameter Protected Unprotected Steel
inches (mm) inches (mm) inches (mm) inches (mm)
3/16 (4.8) 0.0245 (0.622) 0.0265 (0.673) 0.025 (0.64)
1/4 (6.4) 0.0245 (0.622) 0.0265 (0.673) 0.025 (0.64)
5/16 (7.9) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64)
3/8 95) U.0245 (0-622) U0.0285 (0-72%) 0.025 (0.64)
1/2 (12.7) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64)
5/8 (15.9) 0.0315 (0.800) 0.0315 (0.800) 01032 (0.81)
3/4 (19.1) 0.0315 (0.800) 0.0385 (0.980) 07032 (0.81)
7/8 (22.2) 0.0410 (1.041) 0.0410 (1.041) 0.046 (1.17)
1 (25.4) 0.0460 (1.168) 0.0460 (1.168) 0.046 (1.17)
1-1/8 (28.6) 0.0460 (1.168) 0.0460 (1.468) 0.046 (1.17)
1-1/4 (31.8) 0.0505 (1.283) 0.0505 (1.283) 0.046 (1.17)
1-3/8 (34.9) 0.0505 (1.283) 0.0505 (1.283) 0.046 (1.17)
1-1/2 (38.1) 0.0555 (1.410) 0.0555 (1.410) 0.062 (1.58)
1-5/8 (41.3) 0.0555 (1.410) 0.0555 (1.410) 0.062 (1.58)
2-1/8 (54.0) 0.0640 (1.626) 0.0640 (1.626) - -
2-5/8 (66.7) 0.0740 (1.880) 0.0740 (1.880) - -
NOTE - "Prote¢ted" implies that the tubing is shielded by the,cabinet or assembly to the extent that unintended damage caused
by objects, suclh as tools, falling on or otherwise striking the tubing during handling and after installation of the unit i prevented.
This protection nay be provided in the form of baffles, channels, flanges, perforated metal, or equivalent means. If § cabinet is
employed for the intended installation of a unit, thetubing is considered shielded. Tubing not so shielded is considered to be
unprotected with respect to this table.
@ Nominal wall thickness of tubing shall be greatér than the thickness indicated to maintain the minimum wall thickngss.

17.2 Refriggrant-containing ¢omponents that comply with the requirements in UL 207 meet the

requirements|of 17.1.

17.3 Refriggrant cails' shall only utilize refrigerants classified as A1 in accordance with ASHRAE 34.
Coils utilizing| refrigerants with other classifications shall comply with the applicable requirdments of UL

60335-2-40.

17.4 All parts of equipment subject to a refrigerant pressure shall have sufficient strength to withstand
the pressure test requirements specified in Section 61, Strength Tests. The test pressure shall be three
times the minimum design pressure specified in Table 17.2.

Exception No. 1: Pressure vessels that comply with the requirements in 17.7 are not required to meet the

requirements of Section 61.

Exception No. 2: Pressure gauges and control mechanisms are not required to meet the requirements of

Section 61.

Exception No. 3: A part or a complete system that complies with Section 62, Fatigue Test Analysis, is not
required to meet the requirements of Section 61.
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Exception No. 4: ASME pressure vessels bearing the code U or UM symbol with a working pressure not
less than that required by 17.4 are acceptable without test.

Table 17.2
Refrigerant Minimum Design Pressures
Minimum design pressures?®
High side
Refrigerant Name Low side Water or evaporatively Air-cooled
cooled
PSIG (kPa) PSIG (kPa) PSIG (kPa)
R-13 Chlorotrifluoromethane 521 (3592) 547 (3772) 547 (3772)
R-13B1 Bromotrifluoromethane 230 (1586) 321 (2213) 410 (2827)
R-14 Tetrafluoromethane 544 (3751) 544 (3751) 544 (3751)
R-22 Chlorodifluoromethane 144 (993) 21 (1455), 278 (1917)
R-134a Tetrafluoroethane 88 (606) 135 (930) 186 (1282)
R-C318 Octafluorocyclobutane 34 (234) 59 (407) 85 (586)
R-404A 44 % pentafluoroethane, 174 (1200) 253 (1745) 331 (2281)
52%1,1,1,
trifluoroethane, 4 % 1, 1,
1, 2 tetrafluoroethane
R-407A 20 % difluoromethane, 175 (1205) 255 (1757) 335 (2308)
40 % pentafluoroethane,
40%1,1,1,2
tetrafluoroethane
R-407C 23 % difluoromethane, 162 (1116) 238 (1640) 315 (2170)
25 % pentafluoroethane,
52%1,1,1,2
tetrafluoroethane
R-410A 50 % difluoromethane, 236 (1626) 341 (2349) 448 (3086)
50 % pentafluoroethane
R-500 Dichlorodifluoromethang 102 (703) 153 (1055) 203 (1399)
73.8 % and Ethylidene
Fluoride 26.2 %

R-744 Carbon Dioxide 955 (6685) 1058 (7295) 1058 (7295)
@ For other refrlgerants, the miimum design pressure shall be no less than the saturation pressure of the refrigerarjt at the
following tempgratures:

a) 26.5 °C (80 °F)forlow sides;
b) 40.5 °C (105 °F)for water-cooled high sides; and
¢) 51.7 °C (125°F) for air-cooled high sides.

17.5 A water coil operating at more than 93 °C (200 °F) and a steam coil shall withstand a hydrostatic
pressure equal to three times the marked operating pressure without leakage or rupture when tested as
described in Section 61, Strength Tests.

17.6 A water coil operating equal to or less than 93 °C (200 °F) shall withstand a hydrostatic pressure
equal to 1035 kPa (150 psig) or two times the marked operating pressure, whichever is higher, without
leakage or rupture when tested as described in Section 61, Strength Tests.

17.7 If the equipment includes pressure vessels having an inside diameter over 152 mm (6 inches) and
having an internal or external design pressure greater than 15 psig (103.4 kPA gauge), they shall comply
with the requirements in CSA B51 and shall be designed, tested, and stamped in accordance with the
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ASME Unfired Pressure Vessel Code for a design pressure in compliance with the requirements specified
in Section 61, Strength Tests.

Exception: Pressure vessels with a design pressure not exceeding 15 psig (103.4 kPa) are not required to
be designed, tested, and stamped in accordance with CSA B51 and the ASME Unfired Pressure Vessel
Code.

17.8 The tubing connections of dissimilar metals, such as aluminum and copper, shall be protected

against moist

ure to minimize galvanic action.

CONSTRUCTION - ELECTRICAL COMPONENTS

18 Mountir]g of Components

18.1 A swit
component s
turning. See

18.2 The r¢

ch, a lampholder, an attachment-plug receptacle, a motor attachment“plug,
hall be mounted securely and, other than as noted in 18.2 and 18.3,"shall be pr
8.4.

quirement that a switch be prevented from turning mayc¢be/waived if all of

conditions ar¢ met:

a) The switch is to be of a plunger or other type that does’ not tend to rotate when

toggle
of the

b) The

c) The

switch is considered to be subject to forces thatitend to turn the switch during
switch;

spacings are not to be reduced below’the minimum required values if the switch

d) Operation of the switch is to be by mechanical means rather than direct contact by g

18.3 Alamg

holder of a type in whichthe lamp cannot be replaced, such as a neon pilot or

in which the lamp is sealed in a nonremovable jewel, is not required to be prevented from turn

cannot reduc

18.4 Them
surfaces. A
acceptable as

b spacings below the minimum acceptable values.

bans for preventing the turning indicated in 18.1 shall consist of more than fric
foothed lock *washer that provides both spring takeup and mechanical in
the means for preventing a small stem-mounted switch or other small device h3

hole mounting meaps from turning.

or a similar
bvented from

the following

operated. A
he operation

means for mounting the switch is not subject to loosening as the result of its opération;

rotates; and

ersons.

ndicator light
ing if rotation

tion between
erference is
ving a single

18.5 An uni

latad L ot = ot thaot TS [HWS P ball kb rad 4t
OUIdiTUu TIive pdadit diiu ad pdait uliat oUppuUrio a 1vo part olfiail v oU oULuUrTou U

the base or

mounting surface that it will be prevented from turning or shifting in position if such motion may result in a
reduction of spacings below the minimum acceptable values shown in Table 35.1 and Table 35.2.

18.6 Friction between surfaces is not acceptable as a means to prevent shifting or turning of a live part
as indicated in 18.5, but a lock washer as described in 18.4 is acceptable.

19 Printed Wiring Boards

19.1

Printed wiring boards, including the coatings, shall comply with the requirements in UL 796.

Exception: A printed-wiring board in a Class 2 nonsafety circuit is not required to comply with the bonding
requirements in UL 796 if the board is separated from parts of other circuits such that loosening of the
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bond between the foil conductor and the base material will not result in the foil conductors or components
coming in contact with parts of other circuits of the control or of the end-use product.

20 Live Parts

20.1 Metal employed for a current-carrying part shall be acceptable for the application. Plated iron or
steel may be used for current-carrying parts whose temperature during intended operation is more than
100 °C (212 °F). Regardless of the temperature attained, unplated iron or steel shall not be used, but
stainless steel and other corrosion resistant alloys may be used.

20.2 With reference to 20.1, ordinary iron or steel, if provided with a corrosion resistant coating, may be
used for ac wrent. r\arrying pgr{-:

a) If permitted in accordance with 2.1; or

b) Within a motor.
21 Electridal Insulating Material

21.1 Material for the mounting of uninsulated live parts shall be porcelain, phenolic composition, cold-
molded composition, or a material having equivalent electrical and physical properties. See 2[1.2.

21.2 Vulcanized fiber may be used for insulating bushings, washers, separators, and barrigrs, but not as
the sole sugport for uninsulated live parts. Polymeric materials may be used for the sdle support of
uninsulated ljve parts if found to have mechanical strength and rigidity, dielectric withstand,|resistance to
heat, flame gropagation, arcing, creep, moisture, andxother properties required for the appligation without
displaying a loss of these properties beyond the minimum acceptable level as a result of aging.

22 Supplemental Insulation, Insulating Bushings, and Assembly Aids

221 The rgquirements for supplemental-insulation (e.g. tape, sleeving or tubing) are not spgcified unless
the insulation or device is required to fulfill 14.2.8 or a performance requirement of this Standard.

22.2 In accprdance with 22.1;supplemental insulation shall comply with the following requirements:
a) Insplating tape_shall comply with the requirements in UL 510;

b) Slgeving shall'’comply with the requirements in UL 1441;

c) Tutring shall comply with the requirements in UL 224; and

d) Electrical insulation systems shall comply with requirements in UL 1446.

22.3 Wire positioning devices shall comply with the requirements in Section 16, Bonding for Grounding,
and Section 20, Live Parts.

Exception: A device that complies with the requirements in UL 1565 is considered to fulfill this
requirement.

22.4 Insulating bushings that comply with the requirements in Section 2, Components, of this end
product Standard and with the requirements in UL 635 are considered to fulfill the requirements of this
Standard. Tests specified in this Standard (e.g. Strain Relief Test) may still need to be performed to
confirm that the combination of the insulating bushing and the supporting part comply with the

performance requirements.
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23 Motors and Motor Protection

231

23.1.1

General

electric shock, or injury to persons.

23.1.2 A motor winding shall resist the absorption of moisture.

A motor shall handle the maximum intended load of the unit without resulting in a risk of fire,

23.1.3 With reference to the requirements in 23.1.2, film-coated wire is not required to be additionally
treated to prevent absorption of moisture, but fiber slot liners, cloth coil wrap, and sim

absorptive mate

23.2 Overlg

23.21 Othe

a) An
with:

b) An
NFPA

The protectio
with (b) shall

23.2.2 The
over 1 horseq

a) The
Excep

b) The
unit;

ad protection

I than as specified in 23.2.2, 23.2.7, and 23.2.9, each motor shall be protected b,

integral thermal protector that provides running and locked.rotor protection ir

1) UL 1004-1 and UL 1004-3; or

2) Electronic protection that meets the test requirements of UL 1004-7 and the
of Section 60, Controls — End Product Test Parameters; or

overcurrent protective device rated or set(in“accordance with the National Ele
70.

h for a motor rated at 15 horsepower (11.2 kW output) or less and protected in
hlso comply with the requirements’in 43.1.

bverload protection of a(Single speed, continuous-duty blower motor having a n
ower (746 W output).is not required to be provided as part of a unit if:

motor is outside the air stream;
tion: If the moftor is totally enclosed, it may be in the air stream.

motor.is.to be field-wired to a separate circuit that does not supply any other log

ilar moisture

:

accordance

requirements

ctrical Code,

accordance

harked rating

ds within the

Exce

oA Class 2 power Supply provided as part of the aritana protected iimac

ordance with

the Wiring and Protection — Overcurrent Protection requirements of the National Electrical Code,

NFPA

70, is not required to be supplied by a separate circuit.

NOTE: The Wiring and Protection — Overcurrent Protection requirements of NFPA 70 can be found in Article 240, Parts |

through

VIl per Article 430.53(C)(6).

c) The motor overload protection is part of separate field-provided motor control equipment that
does not require wiring interconnection to the unit, other than for the motor circuit (see 23.2.3 and

75.5);

and

d) Energization of electric heaters, if any, does not occur without motor operation or evidence of air

flow.
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23.2.3 A separate motor protection device must be installed for each motor in this unit, and must be
marked with output voltage, phase, HP or Watts output, and FLA not exceeding the motor ratings on this
unit nameplate. See 23.2.4.

23.2.4 A separate overload device which combines the functions of overload and overcurrent protection
and is responsive to motor current, rated or set at values not greater than the percentages of the motor
nameplate full-load current rating as specified in Table 23.1, shall be capable of fully protecting the circuit
and motor both under overload and short circuit conditions. If the marked service factor of a motor is less
than 1.15, or if the service factor or service factor current is not marked on the motor, the rating or setting
of separate overload devices, if used, shall not exceed 115 % of the full load current of the motor. If the
percentage protection specified in Column A of Table 23.1 does not correspond to the percentage value of
an overload relay of a standard size, the device of the next higher size may be used. However, the
overload device of the next higher size shall protect against currents exceeding the percentage values
specified in Golumn B of Table 23.1.

Table 23.1
Protective Device Activation Level

Maximum percentage full-load curnent rating

protection
Motor nameplate marking A B
Motor with maiked service factor no less than 1.15 125 140
Motor with marked temperature rise no more than 40 °C (72 °F) 125 40
Any other motgr 115 N30

23.2.5 For

protection, th

2326 A3-
a) Th

b) Th
of prg

h multispeed motor that employs a separate overcurrent protective device to pr
e protection is to be effective at all-speeds at which the motor is intended to ope

bhase motor shall be provided:with overcurrent protection as follows:
ee overcurrent units (see-23.2.1); or

brmal protectors, combinations of thermal protectors and overcurrent units, or g
tection where the,specific protective arrangement has been investigated and fou

prote
conn

Ction under_‘primary single-phase failure conditions when supplied from
cted wyesdelta or delta-wye. Assemblies so investigated shall be marked to ing

pvide running
ate.

ther methods
nd to provide
transformers
icate that the

motor is protected under primary single-phasing conditions. This marking may b¢ on a paper
stickgdr or decal or a permanently attached wiring diagram and shall be located where it is
accegsible after installation. See 76.3.

23.2.7 A direct drive fan motor is considered to comply with the requirements in 23.2.1 if it is provided
with either:

a) An integral protector that meets the test requirements in UL 1004-1 and UL 1004-3, exclusive of
temperature requirements applying to running overload conditions; or

b) Electronic protection that meets the test requirements of UL 1004-7 and the requirements of
Section 60, Controls — End Product Test Parameters.

23.2.8 A direct drive fan motor, other than an impedance-protected motor as described in 23.2.9,
employed with nonmetallic parts, such as fans, scrolls, or shaft supports, shall have running overload
protection as described in 23.2.1, or the nonmetallic part shall comply with the requirements in 48.3, Heat
deflection test, or alternatively the Mold Stress-Relief Distortion test in UL 746C.
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23.2.9 An impedance-protected motor is considered to comply with the requirements in 23.2.1 if it:

a) Complies with the requirements in UL 1004-1 and the requirements in UL 1004-2 under
conditions of use in the application, including such factors as evaluated ambient temperatures and

any re

stricted ventilation; and

b) Does not generate smoke with the rotor of the motor locked under any required test condition for

the un

it.

23.2.10 An electronically protected motor shall comply with the requirements in UL 1004-1 and the

requirements

in UL 1004-7.

23.2.11 A fu
fuse that can
is used. The
acceptable fq
circuit in whig
marked in ac

23.2.12 Ele
electronic cirg
UL 1998. If sq

Exception: C
cireuit if:

a) The
electrq

b) It c
is rely
using
consig

c) Iti
requir
motor

23.2.13 The
circuit.

se may be used to provide the necessary overload protection If the largest
be mounted in the fuseholder complies with the requirements or if a noninterch

r branch circuit protection) provided the fuse has a short-circuit rating “accep
h it is used. See Table 49.1. If a supplementary type fuse is used, the equipn
ordance with the requirements in 76.20.

ctronically protected motor circuits shall comply with the requirements in UL 99
uit is relying on software as a protective component, it.shall comply with the req
ftware is relied upon to perform a safety function, it shall be considered softwarg

bmpliance with UL 991 and UL 1998 is not reqQuired for an electronically pro

re is no risk of fire, electric shock, or castialty noted during abnormal testing w
nic circuit rendered ineffective (opencr'short circuited);

bmplies with the requirements in(JL 60730-1 and UL 60730-2-9. When the ele
ng on software as a protective_component, it shall comply with the requirement
software in UL 60730-1._If.software is relied upon to perform a safety functio
ered software class B; or.

5 a power conversion controller incorporating overcurrent protection compl)
bments in UL 5086 or UL 61800-5-1 and is rated or set to trip at not more than
nameplate full-load current rating.

requirements in Table 23.2 are among the factors to be used in evaluating t

pere-rated

m
geable fuse
fuse used to provide this protection may be of the supplementary type(not required to be

table for the
nent shall be

1. When the
uirements in
class 1.

tected motor

ith the motor

Ctronic circuit
s for controls
n, it shall be

ing with the
115 % of the

he protective

Table 23.2
Application of UL 991 and UL 1998 or UL 60730-1 and UL 60730-2-9

Application of UL 991 and UL 1998

Application of UL 60730-1 and UL 60730-2-9

Conduct a failure-mode and effect analysis (FMEA) for the
protective circuit identified in 23.2.12.

Conduct a failure-mode and effect analysis (
protective circuit identified in 23.2.12.

FMEA) for the

2) A control becoming permanently inoperative and A control becoming permanently inoperative and
disconnecting power meets the criteria for electrical disconnecting power meets the criteria for electrical
supervision of critical components and trouble indication. supervision of critical components and trouble indication.

3) Assumed temperature ranges are as follows: Assumed temperature ranges are as follows:
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Table 23.2 Continued

Application of UL 991 and UL 1998 Application of UL 60730-1 and UL 60730-2-9
a) Indoor Use: 0.0 +2 °C (32.0 £3.6 °F) and 40.0 +2 °C a) Indoor Use: 0.0 +2 °C (32.0 £3.6 °F) and 40.0 +2 °C
(104 £3.6 °F); and (104 3.6 °F); and
b) Outdoor Use: minus 35.0 £2 °C (minus 31.0 3.6 °F). b) Outdoor Use: minus 35.0 £2 °C (minus 31.0 £3.6 °F).

4) Cycling test duration shall be 14 days. Cycling test duration shall be 14 days.

5) Endurance test duration shall be 100,000 cycles. Endurance test duration shall be 100,000 cycles.

6) Radio-frequency electromagnetic field immunity: Radio-frequency electromagnetic field immunity:

a) Immunity to conducted disturbances — Test level 3 a) Immunity to conducted disturbances — Test level 3
shall be used; and shall be used; and

b)|Immunity to radiated electromagnetic fields — field b) Immunity to radiated electromagnetic fields — field
strength of 3 V/m shall be used. strength of 3 V/m shall be used.

7) For gxposure to humidity, the following conditions shall For exposure to humidity, the following condglitions shall
apply: apply:

a)|Indoor Use: 21.1 —26.7 °C (70 — 80 °F) and a) Indoor Use: 21.1 — 267y°C (70 — 80 °H) and minimum
minirpnum 50 % relative humidity; and 50 % relative humidity; and
b)|Outdoor Use: minimum 98 % relative humidity. b) Outdoor Usexminimum 98 % relative humidity.

8) Surge immunitytest — Test with installation [Class 3 used
for other than-outdoor use protective devicgs. Class 4 shall
be used for'protective devices intended for putdoor use.

9) Elecfrical fast transient/burst immunity such that a test Electrical fast transient/burst immunity sucH that a test
levell3 shall be used for all equipment other than outdoor level'3'shall be used for all equipment other than outdoor
use gquipment. Test level 4 shall be used for outdoor use useequipment. Test level 4 shall be used fgr outdoor use
equipment. equipment.

10) Electrostatic Discharge Test with a Severity|Level of 3
having Contact Discharge at 6 kV for accespible metal
parts and air discharge at 8 kV for accessib|e parts of
insulating material.

23.3 Shorttcircuit protection
23.3.1 A nmotor circuit shall Jbe. protected against short-circuit and ground-fault conditions by an

overcurrent

23.3.2 Oth
one motor
conditions

conditions specified in Section 49.

rotective device ¢onforming with the National Electrical Code, NFPA 70.

r than as indicated in 23.3.3, a motor overload protective device in a unit havi
ired for\€onnection to one supply circuit shall withstand short-circuit and
thout_arisk of fire or electric shock when tested in accordance with the re
Section 49, $hert-Circuit Tests. These tests are not required to be conducted if the device is

ng more than
ground-fault
Juirements in
rated for the

23.3.3 The short-circuit test for risk of fire specified in 23.3.2 may be waived if:
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a) A thermally protected motor or a separately enclosed motor-overload protective device is within

a cabinet of a product or section of a product;

b) The motor or device is intended to be protected by a fuse or circuit breaker as specified on the
unit nameplate or provided as part of the product and is acceptable for branch-circuit protection;

c) The assembly is constructed so that flame and molten metal will be confined within the cabinet;

and

d) Combustible material, except electrical insulation or an air filter, is not located below the motor

and has the characteristics specified in 12.3.1.
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However, if short-circuiting of live parts of different circuits may result, the test shall not be waived.
24 Motors for Use in Unattended Areas

24.1 General

24.1.1 In addition to any other motor requirements specified in this Standard, the requirements specified
in this Section apply to any motor used in fan products which operate unattended or in situations in which
the operator may not detect a locked rotor condition. Examples include wall-insert HRVs, through-wall
HRVs, ceiling-insert HRVs, attic HRVs, whole house HRVs, and ducted HRVs.

4
T.

n device, a
locked rotor

Exception Naq-
thermal cutoff, or a manual reset thermal protector when the device opens during the norma
testing in accprdance with UL 1004-1 and UL 1004-3.

Ll H s ol s L rs rs L H H L s
rricoC TCYUITTITICTINS UU TIUL G,J'.Ily U Triovtvuro cllllJlUy”ly d Olllylc UpTral

Exception Nd
enclosure thr
fall onto flamn

24.1.2 Ther

. 2: These requirements do not apply to a motor in which there"aré no op¢
bugh which molten metal, burning insulation, flaming particles, ortether ignited n
nable material or through which a flame could be projected, sueh,as a totally end

e shall be no increased risk of fire as evidenced by the blrning of cotton. All cg

bnings in the
haterial could
losed motor.

tton used for

this test is to be sterile or surgical 100 % cotton.

24.1.3 A maqtor shall be tested in accordance with this Section.at each speed and rated voltage. A motor
with a single fapped winding is required to only be tested at high speed.

24.2 Performance

24.21 Test|preparation — fan motor failure mode analysis

24211 Th
complete fan

b test procedure specified-jin 24.2.1 — 24.2.2 is to be conducted on either ten
or ten samples of the mator:

samples of a

Exception: For a motor employing: a thermal cutoff or a manual reset thermal protector as
(back-up) profection, only three-samples are to be tested. See 5.15, 5.19, and 5.23.

a secondary

24212 Fo
thermal prote

the purpose of this test, motor samples are to be provided without an aufomatic reset

Ctor. Aback-up protector is to remain in the circuit.

24.2.1.3 A thermocouple is to be attached to the motor winding to verify constant temperatu
heating) during the test. The rotor is to be Tocked.

e rise (motor

24.2.1.4 Each sample of a complete fan is to be oriented as intended in the application. One layer of
cotton is to be loosely draped around the area of the motor and any other area of the fan where flame or
molten metal is emitted. When a barrier or guard is provided for the purpose of preventing flames or
molten metal from escaping from the motor area, the cotton is to be loosely draped around the barrier or
guard.

24.21.5 Each sample of a fan motor is to be placed on one layer of cotton on a wood surface. Each
motor is then to be surrounded with one layer of loosely draped cotton.
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24.2.2 Test procedure — fan motor failure mode analysis

24.2.2.1 The supply circuit is to be provided with a 20 amp slow blow fuse. If the fuse opens during the
test procedure, it is to be replaced with the largest standard size fuse needed to continue the test.

24.2.2.2 The fan motor is to be energized in a room ambient temperature of 10 — 40 °C (50 — 104 °F)
initially at the rated voltage of the fan until the winding temperature stabilizes.

24.2.2.3 Following stabilization, the voltage is to be gradually increased to achieve a maximum 10 °C
temperature rise per minute until ultimate results are observed (opening of motor winding, opening of

back-up protection, or ignition of the cotton).

24224 Cq

25 Capacitfors

251

25.2 Acap
against expu
requirements
used. See T4

Exception Ng
start winding|
49.1 but not

component(s).

Exception N
requirements

26 Circuit

26.1 A circ
grounded ne
The use of a

26.2 Afuss
parts, other

A capacitor shall comply with the requirements in UL 810.

tton ignition on one of the samples during the test is considered a failure.

bcitor employing a liquid dielectric medium more combustiblethan askarel shal
Ision of the dielectric medium when tested in accordance with the applicable|
of this Standard, including faulted overcurrent conditions based on the circuif
ble 49.1.

. 1: If the available fault current is limited by other components in the circuit, su
the capacitor may be tested using a faultccurrent less than the test current spe
ess than the current established by dividirig the circuit voltage by the impedang

0. 2: Electromagnetic interference filters with integral enclosures that corn
in UL 1283 are considered tofulfill the requirements.

Breakers and Fuseholders

Lit breaker used to protect a circuit having more than one ungrounded cond
utral shall betof.the multipole common trip type arranged to open all ungrounde
 externalshandle tie does not in itself constitute a common trip mechanism.

holder shall be designed, installed, or protected so that adjacent uninsulated hig
than“the screw shell of a plug fuseholder, cartridge fuse clips, or wiring ter|

be protected
performance
in which it is

ch as a motor
cified in Table
e of the other

nply with the

uctor and no

d conductors.

h-voltage live
minals to the

fuseholder, wittrmotbeexposedto contact by persons Termoving or Tepracing fuUses.

Exception: Live parts disconnected by an interlock switch are exempted from this requirement.

26.3
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In addition to the requirements specified in this Standard, fuseholders shall comply with the
requirements in UL 4248-1 and:

a) UL 4248-4;
b) UL 4248-5;
c) UL 4248-6;
d) UL 4248-8;
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e) UL 4248-9;
f) UL 4248-11;
g) UL 4248-12; or

h) UL 4248-15.

26.4 With reference to 26.2, a separation less than 4 inches (102 mm) from the insulating body of a fuse
is considered to be adjacent.

27 Overcurrent Protection, General

27.1 The oVercurrent protection specified in 27.2 and 27.3 shall be circuit breakers, cartrifige fuses, or
Type S plug fuses of a type and rating acceptable for branch-circuit protection for the-circuit involved in
accordance with the requirements of the National Electrical Code, NFPA 70.

27.2 Overcurrent protection at not more than 20 amperes shall be provided by a circuit brepker or fuses
as a part of the unit for each:

a) General-use duplex receptacle circuit; and

b) Lampholder circuit, independent of a heating element;*unless the unit would be fonnected in
accordlance with the National Electrical Code, NFPA 70, to a branch circuit rated at 20 amperes or
less.

Exception No. 1: A neon pilot lamp that is integral with\the lampholder is not required to have overcurrent
protection at 20 amperes or less.

Exception Nq. 2: A receptacle circuit in awnit marked in accordance with 76.7 is exempfed from this
requirement.

27.3 Overcurrent protection at no more than 15 amperes shall be provided by a fuse or circyit breaker for
each general|use single receptacle.to a branch circuit rated at 15 amperes or less, unless the unit would
be connected in accordance with)the National Electrical Code, NFPA 70.

Exception: A feceptacle.in:a unit marked in accordance with 76.7 is exempted from this requirement.

27.4 If a fuseholdenis incorporated in a unit, the fuses shall be shipped with the unit by the manufacturer
but are not repuired to be mounted in the fuseholder.

28 Overcurrent Protection, High-Voltage Control Circuit Conductors
28.1 General

28.1.1 If a control circuit is supplied through a transformer provided as part of the equipment, see
Section 29, Transformer Protection, for additional requirements.

28.2 Direct-connected high-voltage control circuits

28.2.1 A unit employing a direct-connected high-voltage control circuit shall be marked in accordance
with 76.23.
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28.3 Tapped high-voltage control circuits

28.3.1 Tapped high-voltage control circuit conductors shall be provided with overcurrent protection. The
rating of the overcurrent protective device(s) shall not exceed the applicable value specified in Table 28.1.

Exception No. 1: 18, 16, and 14 AWG (0.82, 1.3, and 2.1 mm? respectively) conductors that do not
exceed 4 feet (1.2 m) in length between points of opposite polarity may be protected by fuses or circuit
breakers rated 60 amperes or less.

Exception No. 2: An overcurrent protective device of a higher rating may be provided if the conductors
withstand short-circuiting when tested as specified in Section 49, Short-Circuit Tests.

Exception Np. 3: A lead 12 inches (305 mm) or less in length is not required to bé>provided with
overcurrent grotection.

Exception Ng. 4: A control circuit conductor supplied from the secondary of a,single-phasg transformer
that is conngcted so that only a 2-wire (single voltage) secondary is used '‘may be prdtected by an
overcurrent device(s) located on the primary side of the transformer if the protection:

a) Complies with requirements specified in Section 29, Transformer Protection; and

b) Does not exceed the applicable value specified in. Table 28.1 multiplied by the ratio of
secorjdary-to-primary rated transformer voltage.

Exception N¢. 5: A control circuit conductor that is tapped from the main power circuit at a pint outside of
the control equipment enclosure shall be protected as specified in the requirements for Maximum Rating
of Overcurrent Protective Device in Amperes — Separate Protection Provided in the Natignal Electrical
Code, NFPA[70.

NOTE: The Majimum Rating of Overcurrent Protective Device in Amperes — Separate Protection Provided requirenpents of NFPA 70
can be found in [Column A of Table 430.72(B)(2).

Overcurrent Protective Devic-eraRbakEir?g-f‘lor Control Circuit Conductors
Maximum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending heyond control
Tapped control-circuit'conductor size equipment enclosure equipment enclosure

AWG (mm?) Copper Aluminum? Copper Aluminum?

18 {6-82) 25 7 -

16 (1.3) 40 - 10 —

14 (2.1) 100 - 45 -

12 (3.3) 120 100 60 45

10 (5.3) 160 140 90 75
>10 (>5.3) b b c c

2 Includes copper-clad aluminum.

® 400 % of value specified for 60 °C conductors in the requirements for Ampacities of Single-Insulated Conductors in Free Air in

the National Electrical Code, NFPA 70.

¢ 300 % of value specified for 60 °C conductors in the requirements for Ampacities of Insulated Conductors with Not More Than
Three Current-Carrying Conductors in Raceway, Cable, or Earth (Directly Buried) in the National Electrical Code, NFPA 70.
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28.4 Overcurrent protective devices

28.4.1

shall be provided as part of the equipment.

Overcurrent protection for a tapped high-voltage control circuit conductor, as required by 28.3.1,

Exception: The overcurrent device(s) is not required to be provided as part of the equipment if, based on
the marked rating(s) of the equipment, the rating of the branch circuit overcurrent protective device(s)
does not exceed the values specified in Table 28.1.

28.4.2 A control circuit overcurrent protective device(s) shall:

a) Be

rovided for all ungrounded conductors:

b) Be

c) Hay

The device(s
branch circuit

Exception: A
supplementa
49.1. If the s{
76.20.

29 Transfo

29.1 High-y

29.11

29111 A
transformers,

a) Be
Therm

b) Be
Overc

5ized in accordance with requirements in 29.1.2.1; and

e a voltage rating not less than the circuit in which it is used.

shall be a circuit breaker acceptable for branch circuit protection or a fuse a
protection, such as a Class CC, G, H, J, K, L, R, or T cartridge.fuse or Type S pl

device used for overcurrent protection of a tapped’ control circuit ma)
v type if it has a short-circuit rating acceptable for the circuit in which it is use
pplementary type device used is a fuse, the equipment shall be marked in acg

mer Protection

oltage transformers

General

ransformer (including an.autotransformer) other than one as described in 29.2,
is considered a highsvoltage transformer and shall:

al protection;

protected by an overcurrent device in accordance with the requiremen
Lirrent-protection;

c) Be

cceptable for
g fuse.

be of the

d. See Table
ordance with

Low-voltage

provided with thermal overload protection in accordance with the requirements in 29.1.2,

s in 29.1.3,

provided with electronic protection that meets the test requirements of 29.

1.2, Thermal

protection, and the circuits requirements of UL 1004-1; or

d) Comply with the requirements in Section 52, Burnout Test — High-Voltage Transformer.

Exception: A transformer rated less than 50 volt-amperes supplying only a motor control circuit and
located in the same enclosure as the motor controller is not required to comply with this requirement.

29.1.2 Thermal protection

29.1.21

If a high-voltage transformer is provided with a thermal overload protective device, the device

shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings,
under overload conditions, to that permitted for the class of insulation employed in the windings. See
Section 51, Overload Test — High-Voltage Transformer.
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Exception: If the thermal protective device provided is a nonrenewable thermal cutoff, a burnout test is to
be conducted in place of the overload test. See Section 52, Burnout Test — High-Voltage Transformer.

29.1.2.2 Thermal cutoffs shall comply with the requirements in UL 60691. A manual or automatic
resetting thermal protector shall have an endurance rating of not less than 6,000 cycles and shall comply
with the requirements pertaining to the calibration of temperature limiting controls specified in UL 60730-1

and UL 6073
29.1.3 Ove

29.1.31
with the req

0-2-9.

rcurrent protection

romenits cpnr\ifinr] in29.1 _'2_’), 20 1 _Q_Q, and ')Q_Q, Qvercurrent prnfnr\fi\/n devices.

If a high-voltage transformer is protected by an overcurrent device, such protection shall comply

29.1.3.2 Of
device(s) loc

Exception: If
does not co
protective de
Standard An

NOTE: The Star

her than as noted in 29.1.3.3, a high-voltage transformer shall be protected by g
bted in the primary circuit and rated or set as indicated in Table 29.1. See 29.2.2

n overcurrent

the rated primary current of the transformer is 9 amperes or more‘and 125 %
respond to a standard rating of fuse or circuit breaker, the next higher stan
vice may be used. Standard ratings of protective devices are specified in the reg
pere Ratings in the National Electrical Code, NFPA 70.

dard Ampere Ratings requirements of NFPA 70 can be found in"Section 240.6.

Table 291
Rating of Overcufrent Devices

bf this current
Hard rating of
uirements for

Maximum rating of overcurrent device,

Rated primary current, amperes transformer primary current rati

!

ercent of
g

<2
=22and <9
29

300°
167
125

@ Does not apy

ly to an autotransformer. May be increased to 500 % if transformer supplies a motor control circuit.

29.1.3.3
protection ra

overcurrent protection)is not required in the primary circuit provided the secondary circuit i

not more tha

If {he circuit supplying a transformer other than an autotransformer is provided wi

ed or set{at:not more than 250 % of the rated primary current of the transfor

h 125'% of the rated secondary current of the transformer. See 29.3.2.

h overcurrent
er, additional
5 protected at

Exception No. 71: Tf the rated secondary current of the tfransformer is 9 amperes or more and

125 % of this

current does not correspond to a standard rating of fuse or circuit breaker, the next higher standard rating
of protective device may be used in the secondary circuit. Standard ratings of protective devices are
specified in the requirements for Standard Ampere Ratings in the National Electrical Code, NFPA 70.

NOTE: The Standard Ampere Ratings requirements of NFPA 70 can be found in Section 240.6.

Exception No. 2: If the rated secondary current of the transformer is less than 9 amperes, the overcurrent
device(s) in the secondary circuit may be rated or set at not more than 167 % of the rated secondary
current.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1812 2025.pdf

68 UL 1812 APRIL 1, 2025

29.2 Low-voltage transformers

29.2.1 Other than as indicated in 29.2.2, a transformer having a rated output of not more than 30 volts
and 1000 volt-amperes (NEC Class 1, power-limited circuit) shall be protected by an overcurrent device
located in the primary circuit. The overcurrent device shall be rated or set at not more than 167 % of the
primary current rating of the transformer. See 29.3.1.

29.2.2 A transformer that directly supplies an NEC Class 2 circuit shall, in accordance with UL 5085-1
and UL 5085-3, either limit the output current (inherently limited transformer) or be equipped with an
overcurrent device (not inherently limited transformer) and is not required to comply with the requirements

in29.2.1.

29.3 Overc

29.3.1 Over
is not require
the rating of
specified in 2

irrent protective devices

current protection in the primary circuit of a transformer, as described,in 29.1.3.

P and 29.2.1,

| to be provided as part of the equipment if, based on the marked rating(s) of th
the branch circuit overcurrent protective device(s) does not exceed the app
D.1.3.2 0r 29.2.1.

29.3.2 Over
provided as p

29.3.3 Ared
a) Be
b) Be

c) Hay

The device s
branch circuit

Exception: If
overcurrent p
has a short-c
marked in acq

29.34 In a

current protection in the secondary circuit of a transformer)as required by 29.1
art of the equipment.

uired transformer overcurrent protective device provided as part of a unit shall:
brovided for each ungrounded conductor;

5ized in accordance with the requirements in 29.1.3.2 — 29.2.1, as applicable; an

e a voltage rating not less than thecircuit in which it is used.

hall be a circuit breaker acceptable for branch circuit protection or fuses a
protection, such as a Class'CC, G, H, J, K, L, R, or T cartridge fuse or a Type S

h transformer supply.is tapped from a circuit supplying other loads in the unit, a
rotection may berof a supplementary type other than indicated in 29.3.3 provi
rcuit rating acceptable for the circuit in which it is used. See Table 49.1. The
ordance with the requirements specified in 76.20.

ddition, to the requirements specified in this Standard, fuses shall com

e equipment,
licable value

.3.3, shall be

o

cceptable for
blug fuse.

fuse used for
ded the fuse
unit shall be

ply with the

requirements|in UL 248-1 and:

a) UL 248-2;
b) UL 248-4;
c) UL 248-5;
d) UL 248-6;
e) UL 248-7;
f) UL 248-8;
g) UL 248-9;
h) UL 248-10;
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i) UL 248-11;

j) UL 248-12; or

k) UL

248-15.

30 Switches and Controllers

A switch or other control device shall have a rating not less than that of the load that it controls.

In addition to the requirements specified in this Standard, switches shall comply with the

917;
98;

20; or

30.1
30.2
requirements in:
a) UL
b) UL,
c) UL
d) UL

Exception: Sj
required to ¢

30.3 Withr
load, such a
unless the sy

30.4 A swit

intended use\.

30.5 A swi
perform accsq
Switch Overl

30.6 A swit
off position is

61058-1.

witches used in extra-low-voltage non-safety circuits that will not cause a risk of
bmply with this requirement.

eference to the requirements in 30.1, the ampere rating of a switch that control
5 a transformer, shall not be less than twice’the rated full load current of the i
itch is rated for the particular application:

ch shall be so located or protected\that it will not be subjected to mechanical

ch or other device that-controls a motor of a unit, unless rated for the app
ptably when subjected to-an overload test in accordance with the requirements
pad Test.

ching device, such as a contactor, controlled by a remote thermostat having a
not required-to 'disconnect all ungrounded conductors of the power supply circu

30.7 If a

equivalent, theré.shall be no exposed live parts when the switch is in the off position and wh
panel(s) or cover(s) to the unit or control assembly is opened

r{anual switch in a unit or separate control assembly has a marked off pq

injury are not

5 an inductive
nductive load

Hamage in its

lication, shall
n Section 44,

marked on or
t.

sition or the
bn the access

Exception: This requirement does not apply to:

a) A switch in a unit that is clearly marked to indicate that a remote disconnect shall be opened
before the access panel(s) or cover(s) is opened; or

b) A switch that has its operating handle located behind a panel or cover that serves as the
required enclosure for live parts.

30.8 A shield or barrier used to cover supply wiring terminals that may be live when a switch as specified
in 30.6 is in the off position shall comply with the requirements in 15.6 and 15.7 and shall be marked in
accordance with 76.18.
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30.9 More than one switch may be used to comply with the requirements in 30.7 provided the manual
switches are grouped and identified. A cover interlock switch with terminals independently covered may be
used to disconnect some conductors, such as control circuit conductors, from a supply separate from the
main power supply.

30.10 If an appliance provided with a power-supply cord and an attachment plug employs a motor rated
more than 1/3 horsepower (250 W output), a motor controller — a device for starting and stopping the
motor — shall be provided in the appliance.

30.11 A motor controller is considered to fulfill the construction and rating for the application
requirements of this Standard if it complies with the requirements in one of the following:
a) UL p08;
b) UL p1800-5-1;
c¢) UL $0730-1 and UL 60730-2-9; or
d) UL p08C.
31 Control$
31.1 Generpl
31.1.1 Auxiljary controls shall be evaluated using the ‘applicable requirements of this [end product

Standard and

Exception: TH

31.1.2 Opefating (regulating) controls shaill-be evaluated using the applicable compon

requirements
Product Test

Exception: TH

the parameters in Section 60, Controls — En@ Product Test Parameters.

is requirement does not apply to circdits that comply with the requirements in S

specified in 31.2 — 31.4 and;if applicable, the parameters in Section 60, Cg
Parameters, unless otherwjse specified in this end product Standard.

is requirement dogs:not apply to circuits that comply with the requirements in S

ction 60.

ent standard
ntrols — End

ction 60.

31.1.3 Opetating controls, that rely upon software for the normal operation of the end ptoduct where

deviation or
changing its g

a) UL

drift of the).control may result in a risk of safety, such as a speed control
utput, shalt comply with the requirements in:

P91.and UL 1998;

Inexpectedly

b) UL 60730-1; or

c¢) Section 60, Controls — End Product Test Parameters.

31.1.4 Protective (limiting) controls shall be evaluated using the applicable component standard
requirements specified in 31.2 — 31.4 and, if applicable, the parameters in Section 60, Controls — End
Product Test Parameters, unless otherwise specified in this end product Standard.

Exception: This requirement does not apply to circuits that comply with the requirements in Section 60.

31.1.5 Solid-state protective controls that do not rely upon software as a protective component shall
comply with the requirements in:

a) UL
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b) UL 60730-1, except the requirements for Controls using software; or

c¢) Section 60, Controls — End Product Test Parameters.

31.1.6 Protective controls that rely upon software as a protective component shall comply with the
requirements in:

a) UL 991 and UL 1998;
b) UL 60730-1; or

c¢) Section 60, Controls — End Product Test Parameters.

31.2 EIectrIomechanicaI and electronic controls

=)

31.2.1 A cantrol, other than as specified in 31.3 — 31.4, shall comply with the requirements i
a) UL{60730-1;
b) UL|61131-2; or

c) Segtion 60, Controls — End Product Test Parameters.
31.3 Motor and speed controls

31.3.1 A control used to start, stop, regulate, or control the speed of a motor shall comply with the
requirementg in:

a) UL{508;

b) UL|61800-5-1;
c) UL[60730-1;
d) uL1917;

e) UL[244A,

f) UL pO8C; or

g) Segtion £0,-Controls — End Product Test Parameters.

31.4 Temperature controls

31.4.1 A temperature control shall comply with the requirements in:
a) UL 508;
b) UL 60730-1 and UL 60730-2-9; or

c) Section 60, Controls — End Product Test Parameters.
31.4.2 A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient

(NTC) thermistor that performs the same function as an operating or protective control shall comply with
the requirements in UL 1434.
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32 Valves (Electrically Operated) and Solenoids

321

Electrically operated valves shall comply with the requirements in:

a) UL 429; or

b) UL 60730-1 and UL 60730-2-8.

33 Light Sources and Associated Components

33.1 Lamph

olders and indicating lamps shall comply with the requirements in UL 496.

Exception: L4g
considered td

33.2 Lightin
a) UL

b) UL

Exception: B
considered tg

33.3 Lighte
34 Safety D

341 Thete

that they will be protected against unintentional short-circuiting or damage.

342 The b
depended up
as to be protg

34.3 In con
being installe

34.4 A safe

mpholders forming part of a luminaire that complies with the requirementsdn
fulfill this requirement.

j ballasts shall comply with the requirements in:
D35; or

1029.

bllasts forming part of a luminaire that complies with the requirements in
fulfill this requirement.

mitting diode (LED) light sources shall comply with the requirements in UL 8750
evices

minals of a safety device within the enclosure of a unit shall be located or furthe

Llb, capillary tubing, or\other sensing element of a temperature limiting cq
bn to reduce the risk©f fire, electric shock, or injury to persons shall be located g
cted from mechanical damage during installation and use of the unit.

nection with.the requirements in 34.1, particular attention is to be paid to a un
1, requireS/partial disassembly or permits rearrangement of internal parts.

y control device or a temperature limiting control (one designed to reduce thej

UL 1598 are

UL 1598 are

enclosed so

ntrol that is
r guarded so

it that, when

likelihood of
ve whenever

operation tha

may result in a risk of fire, electric shock, or injury to persons) shall be operati

the unit is connected to its power supply.

34.5 A component, such as a pilot light, capacitor, or resistor, shall not be connected across the contact

terminals of a

34.6 Asolid

safety control or a limit control.

state safety control shall comply with the requirements in UL 991.

Exception No. 1: A control that complies with the temperature limiter, thermal cutout, or protective control
requirements of UL 60730-1 and UL 60730-2-9, as appropriate, is considered to fulfill the requirements of

UL 991.

Exception No. 2: This requirement does not apply to circuits that comply with the requirements in Section

60, Controls —
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CONSTRUCTION - SPACINGS

35 General

35.1

value specified in Table 35.1. See 13.2.1.

The spacings at field-wiring terminals, fuseholders, and thermal cutoffs shall not be less than the

Table 35.1
Spacings at Field Wiring Terminals, at Fuseholders, and at Thermal Cutoffs
L . Between parts mentioned above and other N t
petween parts uninsulated metal parts not always of the peyween parts
mentioned above g mentigned above and
same polarity
over surface or enclosure (shortest
through air Over surface Through air diistance)

Potential invdlved in volts | inches (mm) inches (mm) inches (mm) inchgs (mm)
<250 (0 — 2004 volt- 1/4 (6.4) 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
amperes)
<250 (> 2000 Jolt-amperes) 1/4 (6.4) 3/8 (9.5) 1/4 (6.4) 12 (12.7)
251 -600 1/2° (12.7) 1/2b (12.7) 318 (9.5) 12 (12.7)
NOTES

1 —These spad
thermal cutoffs

2 — These spad
3 — Spacings in
@ Applies to the|

b A spacing of 1
or terminal box

ngs do not apply to connecting straps or busses extending away from wiring terminals, from fusehol
Such spacings are judged under Table 35.2.

ngs apply with fuses installed in the fuseholders.

low-voltage nonsafety circuits are not specified.

sum of the spacings involved where an isolated-dead metal part is interposed.

o less than 3/8 inch (9.5 mm), though air and,over surface, is acceptable at wiring terminals in a wiri
if the compartment or terminal box is integral with a motor.

ders, or from

hg compartment

35.2 Other

opposite polarity and between an uninsulated live part and a dead metal part shall not be

value specifi

than as noted in 35.1, 353, 35.4, and 35.6, the spacings between uninsulate

j live parts of
less than the

bd in Table 35.2.

Spacipgs Othef Than at Field Wiring T;'?:ilﬁagig:zat Fuseholders, and at Thermal Qutoffs
Minimum spacings
Rating® Through air Over surface To ehclosure

Volt-amperes Volts inches (mm) inches (mm) inches (mm)
0-2000 <250 1/8 (3.2) 1/4 (6.4) 1/4 (6.4)
0-2000 > 250 3/8 (9.5) 12 (12.7) 12 (12.7)
> 2000 0-125 1/8 (3.2) 1/4 (6.4) 12 (12.7)
> 2000 126 — 250 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
> 2000 251-600 3/8 (9.5) 1/2 (12.7) 112 (12.7)
NOTE — Spacings in low-voltage nonsafety circuits are not specified.
@ The spacings at an individual component are to be judged on the basis of the total volt-ampere load of the circuit in which the
component is installed.

35.3 At closed in points only, such as the screw and washer construction of an insulated terminal
mounted in metal, a spacing of 3/64 inch (1.2 mm) is acceptable if the potential involved is 250 volts or
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less, and a spacing not less than 1/4 inch (6.4 mm) is acceptable if the potential involved is 251 — 600
volts.

35.4 The spacing requirements indicated in Table 35.2 are not applicable to the inherent spacings of a
component such as a motor or a snap switch; such spacings are judged on the basis of the requirements
for the component. However, the electrical clearances resulting from the assembly of the component into
the complete unit, including clearances to dead metal or an enclosure, shall not be less than those
specified in Table 35.2.

35.5 Uninsulated live parts connected to different circuits shall be spaced from one another as though
they are parts of opposite polarity in accordance with the requirements specified in 35.1 and 35.2 and shall

be judged on

the basis of the highest voltage involved

356 The s
enclosure of

35.7 Anins
other moistun
would otherw
thick, except
air spacing of]
will not be aff

Exception: In
insulating, ph

35.8 The sp
reactor or an
motor is conn|

36 Clearan

36.1 Asan
than as noteq
the requireme

36.2 The cl
requirements

!

acings "To Enclosure" as specified in Table 35.2 are not to be applied, to
component that is within an outer enclosure or cabinet.

Lilating liner or barrier of vulcanized fiber, varnished cloth, mica, {phenolic co
e resistant material employed in addition to a through air spacing where the
se be less than the minimum acceptable values shall not be.less than 0.028 in
hat a liner or barrier not less than 0.013 inch (0.33 mm) thick may be used in 3

bcted adversely by arcing.

sulating material having a thickness less thantthat specified may be used if it h
ysical, and flammability properties.

acings within a motor connected across a portion of a resistance element or in
autotransformer shall be those specified for the full rated voltage of the circuit
ected.

e and Creepage Distances

blternative approach_te the spacing requirements specified in Section 35, Gene
in this Section, (clearances and creepage distances may be evaluated in acg|
nts in UL 840, as/described in 36.3.

barance~ahd creepage distance at field wiring terminals shall be in accorda
in Section 35, General.

an individual

mposition, or
total spacing
th (0.71 mm)
ddition to an

not less than one-half of the through air spacing required. The liner shall be located so that it

hs equivalent

series with a

in which the

al, and other

prdance with

nce with the

36.3 In con

1||r\ﬁng evaluations in accaordance with the rnqllirnmnni‘e in U RAﬂ, the gllir’lnl

nes in Table

60.1 — Table 60.3 shall be used.

37 Electric

371
requirements

Heaters

in this Section.

An electric heater intended to be used with a unit shall be tested with the unit in accordance with the

37.2 A heating element shall be supported in its intended position in a substantial and reliable manner
and shall be protected against mechanical injury and contact with outside objects. In determining if a
heating element complies with this requirement, consideration shall be given to sagging, loosening, and
other similar conditions resulting from:

a) Continuous heating of the element; and
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b) Flexing of the element supports or related wiring due to alternate heating and cooling of the
element.

37.3 Heating elements shall be so supported that, even if heaters are subjected to extreme conditions of
operation, including the requirements in Section 63, Electric Heater Tests, short circuits cannot occur
between turns, between sections of the heating elements, or between uninsulated live parts and non-
current-carrying metal parts, and the spacings of Table 35.2 and Table 37.1 are maintained.

Table 37.1
Minimum Spacings at Electric Heating Elements

Potential involved, Spaging

Description of spacing v inch ( )
inches mm

Between uningulated live parts of opposite polarity; and 0-250 1/16 (1.6)
between an unjinsulated live part and a dead metal part, other
than the enclogure, that either is exposed to contact by
persons or may be grounded

Between unindulated live parts of opposite polarity; and 251 -600 1/42 (6.4)7
between an unjinsulated live part and a dead metal part, other
than the enclogure, that either is exposed to contact by
persons or may be grounded

Between a livelpart and the enclosure 0600 1/4 (6.4)
NOTES

1 - These spagings are applicable only to parts of the heating element and its terminals located inside the conditiorjed (heated or
cooled) air harjdling compartment. If an uninsulated live part is not rigidly supported, or if a movable dead metal patt is in proximity
to an uninsulated live part, the construction shall be such that at leastthe minimum spacing is maintained under all joperating
conditions and|under all normal conditions of handling. Spacings:at a thermal cutoff shall comply with the requireménts in Table
35.1.

2 — Metal-shegthed heater elements that have spacings.at terminations between live parts and noncurrent-carrying metal parts as
defined below ghall be sealed against moisture.

Spacing
Potential involved, V
inches (mm)
0-300 116 -<1/8 16-<3.2
> 300 -600 1/8-<1/4 3.2-<64

@ A spacing of pot less thand/16 inch (1.6 mm) is permissible at a heating element rated for 300 V or less.

37.4 Coiled wire’heating elements may be supported on porcelain, hook type insulators depending upon
the stiffness of the coif, the spacing between hooks, the shape of the hook, etc. Porcelain insulators of all
types will normally be required to be retained in place by means other than the heating element.

37.5 Heating elements shall be securely fastened to terminals (under the heads of terminal binding
screws) in such a manner that the wire is not likely to become loosened during the lifetime of the heater.

37.6 If an auxiliary control device, such as a thermostat or a combination thermostat and control switch,
in a product with electric heat or remote control assembly has a marked ON or OFF position or is marked
with another wording or symbol such as "NO HEAT, COLD, O" or similar wording that conveys the same
meaning as "OFF", it shall disconnect the element or elements and controls from all ungrounded
conductors of the supply circuit when placed in that position. This requirement applies to a thermostat in a
remote control assembly that is referred to on the product nameplate but does not apply to a remote
auxiliary control device in an NEC Class 2 circuit, such as a room thermostat.
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37.7 An auxiliary control is considered to be one that is intended primarily for regulating time,
temperature, etc. under conditions of intended operation but is not intended for protection against overload
or excessive temperature conditions, etc.

37.8 Electric heaters employing resistance-type heating elements intended for comfort heating shall be
protected at not more than 60 A, and the protected circuit shall not have a concurrent load exceeding 48 A.
These heating elements shall be connected in protected subdivided circuits if any total concurrent load of
the unit exceeds 48 A based on nameplate ratings. If the overcurrent protective devices are in a separate
assembly for independent mounting, as described in 37.9, the rating of the overcurrent protective devices
also shall not exceed 1.5 times the current rating of the connected load if such rating is more than 16.7 A.

Exception: If
resistance-ty,
and physicall)
to be conside

37.9 The oV
the product m

37.10 The d

type S plug fuses of a type and rating appropriate for branch circuit protection, in accords

requirements

3711 Anel
controls that
temperatures
be factory-ins

37.12 Thet
a) UL

b) UL

e elements, with or without their control circuit, in a wiring enclosure having ase
separated from the power supply for other loads, the rating of the other loads is
red in applying this requirement.

ercurrent protective devices for subdivided circuits as required by37.8 may be
anufacturer as a separate assembly for independent mounting.

vercurrent protection specified in 37.8 and 37.9 shall be circuit breakers, cartri

of the National Electrical Code, NFPA 70.

bctric heater shall be equipped with one or mérerautomatically resetting temper
will disconnect the heating element or(elements from the supply circui
from exceeding the limits specified in Table 41.1. These temperature-limiting
talled as an integral part of the heater.,

pmperature-limiting controls shall'comply with the applicable requirements of eith
B53; or
50730-2-9 as Type 2, Protective controls.

y for only the
parate cover
not required

provided by

Hge fuses, or
nce with the

ature-limiting
[ to prevent
controls shall

er:

37.13 A safety control or a~temperature-limiting control intended to prevent heater operation that can

result in risk g
to its power
temperatures

37.14 A uni

f fire, electricishock, or injury to persons shall be operative whenever the heater
supply and).shall interrupt operation of a sufficient number of heating elemen
from exceeding applicable temperature limits.

employing an automatically resetting temperature-limiting control shall interry

is connected
Is to prevent

pt the power

supply to th

nedaier by direct means or Dy means O a single magnelically operated rel

y device or

contactor that complies with the requirements for the endurance test for the limit control.

37.15 Contactors and sequence controls, such as thermal relays or mechanical step controls, used to
control one or more sections of the heater element load shall be able to withstand 100,000 cycles of
making and breaking the load controlled.

37.16 All contactors and sequence controls that are used on open electric heaters shall break all
ungrounded conductors. Phase break on three phase heaters shall not be permitted. Where silicon
controlled rectifiers (SCRs) are used, the safety contactor shall break all ungrounded conductors.

37.17 A unit employing electric heaters shall be provided with one or more manually resettable or
replaceable backup protective devices of the type specified in 37.18 that will, with the contacts of the
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automatically resetting temperature-limiting control permanently closed, limit the temperatures to comply
with the requirements specified in Section 64, Backup Protection Tests.

37.18 The manually resettable or replaceable protective devices specified in 37.17 shall be functionally
independent of the automatically resetting temperature-limiting control. The following types of controls
comply with this requirement:

a) One or more thermal cutoffs, nonresettable temperature-limiting controls, or manually resettable
limit controls connected to open a sufficient number of ungrounded conductors to permit the unit to
comply with the specified temperature limits; and

b) A combination consisting of one or more normally open switching device(s) and thermal cutoffs,
; - r limit control
e connected in the coil circuit of the switching device. The combination shall’'b¢ integral with
the product, be able to open a sufficient number of ungrounded supply conductors|{to permit the
product to comply with the specified temperature limits, and be independent of ¢ontrol by an
autonpatic cycling device with the unit.

37.19 The backup protection specified in 37.17 is required for a product employing an electfic heater that
incorporates| a switching device whose coil circuit is controlled by¢beth the automatidally resetting
temperature{imiting control and a temperature-regulating control for,theheater.

37.20 A thgrmal cutoff or nonresettable limit control shall be sécured in place and located s¢ that it will be
accessible for replacement without damage to other connegtions or internal wiring, in compliance with
37.22 and 37.24.

37.21 A thIrmaI cutoff or nonresettable limit control 'shall comply with the requirements in Section 64,
Backup Protection Tests.

37.22 Replacement of a thermal cutoff orf\nonresettable limit control shall not necessitate any of the
following:

a) Removal of the unit or heater'assembly from its installation, except as specified in 37.23;
b) Didconnection of thefield wiring systems;

c) Stretching or similar displacement of the heater element wire that could caude permanent
displgcement of distortion to the extent that the performance of the heater could be affected; or

d) RejJeaseof-the heater element wire from its attachment if this would result in displagement of the
elemgnt.

Exception: A thermal cutoff or nonresettable limit control that is not required in order to comply with any of
the requirements in this Standard is not required to comply with (a) and (b).

37.23 With reference to the requirements of 37.22(a), removable heating elements or an element
assembly may be withdrawn, or a heater may be partially withdrawn, to replace a thermal cutoff or
nonresettable limit control if withdrawal will not result in noncompliance with the requirements of 37.22 (b),
(c), and (d).

37.24 Wiring connected to a thermal cutoff or nonresettable limit control shall be secured so that
replacement of the thermal cutoff or nonresettable limit control will not result in displacement or
disturbance of internal wiring other than leads to the cutoff or limit control or leads to a heating element
assembly on which the cutoff or limit control is mounted.
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37.25 A thermal cutoff or nonresettable limit control shall not function during any test performed on a
product employing electric heaters when the automatically resettable limit control is connected in the
circuit.

37.26 Sequence controls, such as thermal relays or mechanical step controls, used to control one or
more sections of the heater element load shall be able to withstand 100,000 cycles of making and
breaking the load controlled unless the unit is capable of withstanding required tests without sequence

controls.

PERFORMANCE

38 Installatjon

38.1 Genergl

38.1.1 A unfit is to be mounted in accordance with the manufacturer's installation instrugtions. If it is
intended for Mmounting in two or more different positions, the unit is to be tested/forinstallation|in each such
position. If a [unit has optional air inlet and/or outlet openings, it is to be tested for each of the optional
opening arrarjgements.

38.1.2 Inletjand outlet grilles, louvers, and filters intended for use.with the unit are to be in|place during
the test.

38.1.3 Othef than as indicated in 38.1.4, a unit that is intended to be mounted in a recess|in a building
structure or cpmpletely enclosed by the building structure.is to be mounted inside a complete gnclosure for
the tests.

38.1.4 The fenclosure specified in 38.1.3 is te' be in accordance with the manufacturerfs installation

instructions a

is installed, slich as the exposed side of a-recessed unit, an air inlet or discharge opening, or

remain expos

38.1.5 Ifop
operating cor
Otherwise, s
otherwise sp

means to resfrict the aitflow uniformly across the duct area.

38.1.6 Ifne

nd is to be complete, except that'any surface that is not intended to be covered

ed. An outlet box or controhcompartment is to be enclosed.

erating the unit witheut restricting the duct connection openings will result in the
ditions, the tests'may be conducted with no ducts attached if agreeable to thos
nort lengths of\duct of the same size as the opening to which they are atf
ecified in thesinstallation instructions shall be provided as necessary, with 3

essary to comply with the requirements in 41.3, a means is to be provided for n

static pressur

wvhen the unit
the like, is to

most severe
e concerned.
ached or as
n adjustable

easuring the

in‘the outlet duct. The means is to consist of a hole 0.040 inch (1 02 mm) ndi

meter at the

center point of at least one of the side walls of the outlet duct.

38.1.7 The inner surface of the wall adjacent to the hole is to be smooth and free from irregularities, and
a metal tube having an internal diameter of 3/16 inch (4.8 mm) or larger is to be soldered, centered over
the hole, to the outside surface of the duct. Connection of this tube to the manometer gauge is to be made
by rubber tubing or the equivalent.

38.1.8 Panels representing a building structural part, such as a floor, wall, or duct or unit enclosure, are
to be 5/8 inch (15.9 mm) minimum thickness plywood. The panels are to be painted black on the side
toward the unit or duct, and all joints are to be sealed.

38.1.9 The lengths and widths of the panels specified in 38.1.8 are to be such that they extend not less
than 2 feet (610 mm) beyond the extremities of the unit if the panels do not enclose the unit and ducts
completely. The unit and ducts are to be as close to the panels as their configuration will permit.
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38.1.10 A 1-inch (25.4-mm) thick insulating blanket having a density not less than 1 pound per cubic foot
(1.6 kg/m®) may be substituted for the wooden enclosure specified in 38.1.8 and 38.1.9 over surfaces

intended for zero clearance to combustible materials.

38.1.11

before installation in the enclosure or insulating blanket.

38.1.12

External thermal insulation, such as glass fiber or mineral wool, is to be removed from the unit

If a clearance is specified for a unit intended for installation as described in 38.1.3, temperatures

are to be measured on the inside surfaces of the wooden test enclosure. Otherwise, temperatures are to
be measured by thermocouples soldered, brazed, or welded to the metal surfaces of the equipment.

38.2 Supply-connections

38.2.1 All tests are to be conducted with the unit and with any accompanying eléctrical accessories
intended to |function with the operation of the unit electrically connected in-accordapce with the
manufacturef's instructions.

38.3 Assembly, leveling, and adjustable features

38.3.1 All tests are to be conducted with the unit completely assembled and with al|l components
mechanicallyf connected in accordance with the instructions. If a unitis intended to employ one or more air
filters, all filtgrs are to be in place and are to be of the largest sizéthat the unit will accommodate.

38.3.2 All tests are to be conducted with the unit level. Detachable leveling means are tol be removed,
and any leveling means that are not detachable are to b€’/so adjusted that the base of the ynit will be the
minimum disfance from the floor.

38.3.3 If a Winit employs a fan or blower whose-speed can be varied and which is intended ffo be set only
by the installer, all tests are to be conducted'with the fan speed adjusted to give approximdtely the rated
air delivery. $ee 38.3.4.

38.3.4 If a unit employs an adjustable component that is intended to be regulated by the yser, and if its
setting could| affect temperaturestest results, all tests are to be conducted with the componeht adjustment
most likely tg produce maximum/temperatures or develop faulty performance.

39 Test Voltage

39.1 Unles$ otherwise specified, a unit is to be tested at rated frequency at the potentials indicated in
Table 39.1 ag detailed in the paragraphs describing the test.

Table 39.1
Test Voltages
Rated voltage (volts) Normal test voltage (volts) Overvoltage (volts) Undervoltage (volts)
110-120 120 132 102
200 -208 208 229 177
220 -240 240 264 204
254 - 277 277 305 235
440-480 480 528 408
550 — 600 600 660 510
Other Rated 110 % Rated 85 % Rated
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40 Input Test

40.1 The current input to a unit shall not be more than 110 % of the rated value when the unit is operated
under the conditions specified in Section 41, Normal Temperature Test, and is connected to a supply
circuit of rated frequency at the applicable voltage specified in Table 39.1.

41 Normal Temperature Test

41.1 When tested as described in this Section, the observed temperature rise at any designated point
and on any particular material shall not exceed those indicated in Column 1 of Table 41.1. A temperature,
overload, or overcurrent protective device shall not open the circuit during the tests.

Table 41.1
Maximum Temperatures
Column 1 Cgqlumn 2
Device or material °C (°F) °C (°F)
A. Motors?
1. Clasg A insulation systems on coil windings of alternating-
currefpit motors having a frame diameter < 7 inches (< 178 mm),
not including universal motors
a. In open motors —
Thermocouple or resistance method 102 (215) 142 (287)
b. In totally enclosed motors —
Thermocouple or resistance method 107 (224) 142 (287)
2. Clasd A insulation systems on coil windings of altexnating-
currept motors having a frame diameter > 7 inches (> 178 mm)
and of direct-current motors and universal motors
a. In open motors —
Thermocouple method 92 (197) 142 (287)
Resistance method 102 (215) 142 (287)
b. In totally enclosed motors —
Thermocouple method 97 (206) 142 (287)
Resistancedmethod 107 (224) 142 (287)
3 Clasq E insulafion’systems on coil windings of alternating-
currept motors having a frame diameter < 7 inches (< 178 mm),
not including’universal motors
a. N Open motors —
Thermocouple or resistance method 112 (233) 142 (287)
b. In totally enclosed motors —
Thermocouple or resistance method 117 (242) 147 (296)
4. Class E insulation systems on coil windings of alternating-
current motors having a frame diameter > 7 inches (> 178 mm)
and of direct-current motors and universal motors
a. In open motors —
Thermocouple method 102 (215) 142 (287)
Resistance method 112 (233) 142 (287)
b. In totally enclosed motors —

Table 41.1 Continued on Next Page
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Table 41.1 Continued

Column 1 Column 2
Device or material °C (°F) °C (°F)
Thermocouple method 107 (224) 142 (287)
Resistance method 117 (242) 147 (296)
5. Class B insulation systems on coil windings of alternating-
current motors having a frame diameter < 7 inches (< 178 mm),
not including universal motors
a. In open motors —
Thermocouple or resistance method 122 (251) 152 (305)
b. In totally enclosed motors —
Thermocouple or resistance method 127 (260) 157 (314)
6. Clasp B insulation systems on coil windings of alternating-
currgnt motors having a frame diameter of > 7 inches (>
178 jnm) and of direct-current motors and universal motors
a. In open motors —
Thermocouple method 112 (233) 142 (287)
Resistance method 122 (251) 152 (305)
b. In totally enclosed motors —
Thermocouple method 17 (242) 147 (296)
Resistance method 127 (260) 157 (314)
7. Clasp F insulation systems on coil windings of alternating-
currgnt motors having a frame diameter < 7 inches (< 178vnm),
not imcluding universal motors
a. In open motors —
Thermocouple or resistance method 147 (296) 177 (350)
b. In totally enclosed motors —
Thermocouple or resistance method 152 (305) 182 (359)
8. Clasp F insulation systems on ©€oil windings of alternating-
currgnt motors having a framediameter > 7 inches (> 178 mm)
and ¢f direct-current moters.and universal motors
a. In open motorst<
Thermocoudple method 137 (278) 167 (332)
Resistanee method 147 (296) 177 (350)
b. In\fotally enclosed motors —
Thermeeouplemethod 442 (287 472 (341)
Resistance method 152 (305) 182 (359)
9. Class H insulation systems on coil windings of alternating-
current motors having a frame diameter < 7 inches (< 178 mm),
not including universal motors
a. In open motors —
Thermocouple or resistance method 162 (323) 192 (377)
b. In totally enclosed motors —
Thermocouple or resistance method 167 (332) 197 (386)
10. Class H insulation systems on coil windings of alternating-
current motors having a frame diameter > 7 inches (> 178 mm)
and of direct-current motors and universal motors

Table 41.1 Continued on Next Page
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Table 41.1 Continued
Column 1 Column 2
Device or material °C (°F) °C (°F)
a. In open motors —
Thermocouple method 152 (305) 182 (359)
Resistance method 162 (323) 192 (377)
b. In totally enclosed motors —
Thermocouple method 157 (314) 187 (368)
Resistance method 167 (332) 197 (389)
B. Other Electfical Components
1. Field wiring
Any doint within a wiring compartment in which field-installed
condyictors are to be connected, including such conductors 77 (170) 92 (197)
themselves, unless the unit is marked in accordance with 76.14
2. Relay, solenoid, transformer, and other coils with:
a. Class A (105) insulated windings —
Thermocouple method 92 (197) 142 (287)
Resistance method 112 (233) 142 (287)
b. Class E (120) insulated windings —
Thermocouple method 102 (215) 142 (287)
Resistance method 122 (251) 152 (305)
c. Class B (130) insulated windings —
Thermocouple method 112 (233) 142 (287)
Resistance method 132 (269) 152 (305)
d. Class F (155) insulated windings —
Thermocouple method, except.Glass 2 Transformers 137 (278) 167 (332)
Thermocouple method, Class 2-Transformers 122 (198) 152 (305)
Resistance method 147 (297) 172 (341)
e. Class H (180) insulated’windings —
Thermocouple.method, except Class 2 Transformers 152 (305) 182 (359)
Thermocouple method, Class 2 Transformers 142 (234) 167 (332)
Resistance method 162 (323) 192 (377)
3. Sealing compounds 40 less (104 less 40 less (104 less
than its than its than its than its
melting melting melting melting
point point) point point)
4.  Fuses® 92 (197) 122 (251)
g v e I T I S
% Conector uness both are ined. nskelcosted. or siverplated | 162 (@82 | 17 (30
C. Insulated Conductors®® 25 less (77 less 25 less (77 less
than its than its than its than its
tempera- tempera- tempera- tempera-
turerating  turerating) | turerating ture rating)

D. Electrical Insulation — General
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Table 41.1 Continued
Column 1 Column 2
Device or material °C (°F) °C (°F)
1. Fiber used as electrical insulation or cord bushings 92 (144) 124 (255)
2. Phenolic composition used as electrical insulation or as parts 259
where failure will result in a risk of fire or electric shock? 152 (252) 1 (350)
3. Thermoplastic material® 25 less (77 less 25 less (77 less
than its than its than its than its
tempera- tempera- tempera- tempera-
ture rating  turerating) | turerating ture rating)
4. Varnished cloth insulation 87 (135) 117 (274)
E. General
1. Any point on a test enclosure surface at designated clearances
from|the unit or attached duct and plenums and a surface of a
144 255
unit ¢r attached ducts and plenums at the point of contact with 92 (144) 124 (255)
the test-enclosure surface
2. Unit pir filter 92 (144) 124 (255)
3. Woof or other combustible material which is a part of the unit 92 (144) 124 (255)

2 The motor di
boxes, and th¢

investigated ar

¢ Inside a unit,
on each individ
acceptable for

9 Includes both
table is accept

® The limitation}s on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds th

meter is to be measured in the plane of the laminations of the circle circumscribing the stator frame,
like, used solely for motor cooling, mounting, assembly, or connectign-

d found to be acceptable for higher temperatures than those specified in this table.

he temperature rise on a wire or cord may be greater than the*specified maximum rise provided tha
ual conductor is protected by supplementary insulation,.such as a braid, wrap, tape, or close-fitting {|
the temperature and type of insulation involved.

casing and ferrule. However, a temperature not more than 20 °C (36 °F) higher than the values indi
hble on the casing (not ferrule) of a Class G, J, ;. or L fuse.

excluding lugs,

At have been

the insulation
lbing, which is

ated in the

41.2 A unit
accordance
stabilize.

41.3 A unit
and at other

414 A unit

41.5 A unit
conditions th

is to be installed in accordance with Section 38, Installation, and supplied by te
with Section 39, Test Voltage. The unit is to be operated continuously until

is to be tested in-aceordance with the manufacturer's recommendation as to s
ntended conditions’as necessary to determine maximum temperatures.

intended only for direct discharge of the conditioned air is to be tested according

intended for either duct connection or direct discharge is to be tested under th
atresult in maximum temperatures.

st voltages in
temperatures

tatic pressure

ly.

e condition or

41.6 Ordinarily, a thermocouple is to be used for determining the temperature of a coil or winding if it can
be mounted without removal of encapsulating compound or the like on one of the following:

a) The integrally applied insulation of a coil without a wrap; or

b) The outer surface of a wrap that is no more than 1/32 inch (0.8 mm) thick and consists of cotton,
paper, rayon, or the like but not of asbestos or similar thermal insulation.

The change-of-resistance method is to be used if the thermocouple measurement cannot be conducted in
accordance with the foregoing considerations. For a thermocouple-measured temperature of a motor coil,
as mentioned in the requirements for Class A insulation systems on coil windings of alternating-current
motors having a frame diameter < 7 inches (£ 178 mm), not including universal motors, and the
requirements for Class B insulation systems on coil windings of alternating-current motors having a frame
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diameter < 7 inches (£ 178 mm), not including universal motors, in Table 41.1, the thermocouple is to be
mounted on the integrally applied insulation on the conductor.

41.7 At a point on the surface of a coil where the temperature is affected by an external source of heat,
the temperature rise as measured by means of a thermocouple may deviate from the indicated maximum
in Table 41.1 — provided that the temperature rise of the coil, as measured by the resistance method, is no
more than that specified — as follows:

a) For Class A insulation systems on coil windings of alternating-current motors having a frame
diameter < 7 inches (£ 178 mm), not including universal motors, in open motors, 5 °C (9 °F) more;

b) For Class A insulation systems on con wmdlngs of alternatmg current motors havmg a frame

f f bpen motors;
and fqr relay, solenoid, transformer, and other coils with Class A (105) msulated windings, 15 °C
(27 °F) more;

c) For| Class B insulation systems on coil windings of alternating-current\motors hajing a frame
diamefer < 7 inches (£ 178 mm), not including universal motors, in opeén motors, 10 °C (18 °F)
more; land

d) For Class B insulation systems on coil windings of alternating-current motors hajing a frame
diameter of > 7 inches (> 178 mm) and of direct-current motors and universal magtors in open
motors, 20 °C (36 °F) more.

41.8 Temperatures are to be measured by thermocouples.cohsisting of 24 — 30 AWG (0.21|— 0.05 mm?)
wires, except|that a coil temperature may be determined by the change-of-resistance method if the coil is
inaccessible for mounting thermocouples. When the thermocouples are used in determining {femperatures
in electrical gquipment, it is standard practice to employ thermocouples consisting of 30 AWG iron and
constantan wjre 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 fonform with
the requiremgnts as listed in the Tolerances on Initial Values of EMF versus Temperature talbples in ASTM
E230/E230M

41.9 A temperature is considered to be constant when three successive readings taken gt intervals of
10 % of the |previously elapsediduration of the test (but no less than 5-minute intervals) indicate no
change.

41.10 A thefmocouplejunction is to be securely held in thermal contact with the surface of the material
whose tempegrature, is being measured, and the adjacent thermocouple lead wire is to bg secured to
prevent movgment. ITn most cases, thermal contact will result from securely taping or c¢menting the
thermocouplg in“place, but if a metal surface is involved, brazing or soldering the thermogouple to the
metal may beecessary:

41.11 The values in Table 41.1 are based on an assumed ambient-air temperature of 26.6 °C (80 °F), but
a test may be conducted at any ambient-air temperature within the range of 10 — 40 °C (50 — 104 °F).

41.12 Flexible cord inside a motor terminal box may be exposed to a temperature higher than its rated
value if supplementary heat-resistant insulation of adequate dielectric strength is employed on the
individual conductors of the cord to reduce the risk of deterioration of the conductor insulation.

42 Overflow Tests

42.1 If a test is considered necessary to determine if a unit complies with the requirements in 6.8, it is to
be performed as follows:
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a) The unit is to be leveled in any intended mounting position likely to cause wetting of electrical

comp

onents;

b) All drain lines are to be blocked and water added to the drain pan at a rate of not less than 1 pint
per minute for each 1000 cubic feet per minute (16.7 milliliters per second for each cubic meter per
second) of airflow, until water drains onto the floor around the unit; and

c) The test is to be conducted with the fan motor energized.

43 Motor Overload Tests

43.1

A motor overcurrent protective device as described in 23.2.1(b) shall protect a motor rated 15

horsepower
a risk of fire |

Exception: T¢
a) Th
b) Th

c) Th
for a
over 1

43.2 The m
indicated in ]
motor.

43.3 The m
determined i

Exception Ng
—79 °F), in n
specified in
operation an

Exception N
50 °C (77 - 1

43.4 When

Vhen tested in accordance with this Section.

bsts in accordance with this Section are not required if all of the following,conditic
b motor is rated over 1 horsepower (746 W output);
b motor is located where it is not affected by an external source’of heat; and

b overload relay is selected to trip at not more than 1256/% of the motor full-load

{0 °C (72 °F), and 115 % for any other motor.

otor and protective device combination is_t6,be connected to a supply circuit
[able 39.1. Temperatures are to be measured by thermocouples on the surface

otor and protective device shall be tested in the ambient encountered in norma
h Section 41, Normal Temperature Test.

. 1. A motor that is subjeeted to an ambient higher than normal room ambient, 2
ormal operation may.be tested in a lower ambient with the maximum allowable
43.4 and 43.5 reduced by the difference between the ambient encounten
) the test ambiént.

D. 2. An-a@mbient compensated protective device may be tested in any ambig
22 °F):

avmotor is operating under the maximum overload that it can carry withou

11.2 kW output) or less. The motor shall not burn out and there shall not be othg¢r evidence of

ns exist:

current rating

motor with a marked service factor not less than 1-15)or with a marked tempernature rise not

of voltage as
of coils of the

operation as

5—-26 °C (77
temperatures
ed in normal

bnt from 25 —

causing the

protective device to function, the maximum acceptable temperature is 140 °C (284 °F) for a Class A
insulated motor winding and 165 °C (329 °F) for a Class B insulated motor.

Exception: This requirement does not apply to a motor moving air only by means of a fan or blower directly
attached to the motor shatft.

43.5 When the rotor of a motor is locked, the maximum acceptable temperature on a Class A insulated
motor winding is 200 °C (392 °F) during the first hour of operation and 175 °C (347 °F) thereafter. After the
first hour of operation, the average temperature (the average of the arithmetic mean of the maximum
temperatures and the arithmetic mean of the minimum temperatures) is not acceptable if it is higher than
150 °C (302 °F). For a motor employing Class B insulation, the corresponding temperatures are 225 °C
(437 °F) for the first hour, 200 °C after the first hour, and 175 °C for the mean temperature.
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43.6 The locked rotor test on a manually reset device is to be continued for four operations of the
protective device, with the device being reset as quickly as possible after it is opened. For an automatically
reset device, the locked rotor test is to be continued for 72 hours unless the unit includes other controls,
such as a timer, that will demonstrably limit the duration of the operation to a shorter interval.

44 Switch Overload Test

44.1 If it is necessary to conduct this test to comply with the requirements in 30.5, there shall be no
electrical or mechanical failure of the device nor pitting or burning of the contacts to an extent affecting its
intended functioning.

s

44.2 In a tes
overload test
and normal t

S s-switch-orothercontrol-device-is-capable-ofpero g-aceeptably in the
mentioned in 44.1, the unit is to be connected to a grounded supply circuit of vated frequency
pst voltage (see Table 39.1) with the rotor of the motor locked in positian, [During the test,

exposed dea
connection is
conductor of
parts of the
control devicq

i metal parts of the unit are to be connected to ground through a 3-ampere fuse, and the
to be such that any single-pole, current-rupturing device will be located in thel ungrounded
the supply circuit. If the unit is intended for use on direct current,(the exposed dead metal
nit are to be connected so as to be positive with respect to a single-pole, curfent-rupturing

; however, a

. The device is to be operated for 50 cycles at a rate of 6 — 10'cycles per minute
f operation may be employed if agreeable to those-concerned. The pe
if the fuse in the grounding connection is blown duringdhe test.

faster rate g
unacceptable

formance is

45 Dielectric Voltage-Withstand Test

or an AC 60-
arts of high-

45.1 A unit $hall withstand without breakdown for 1 minute the application of a DC potential
hertz potentigl between high-voltage live parts and dead metal parts and between live p
voltage and Igw-voltage circuits. The test potential shall be as shown in Table 45.1.

Table 45.1
Dielectric Voltage Withstand Voltages

Unit under test Test potential

VAC vV DC
Low-voltage cirfuit 500 y00
Motor rated at § 1/2 horsepower{(373 W output) and < 250 volts 1000 1400
Secondary circyit of a trahsformer or autotransformer that operates at < 1000 1400
250 volts
Secondary circrit of atransformer or autotransformer that operates at 1000 + 2V# 1404 + 2.8V*®
251 -600 volts
Other than as noted in previous rows 1000 + 2V@ 1400 + 2.8V2
& Maximum marked voltage.

45.2 To determine if a unit complies with the requirements in 45.1, it is to be tested by means of a 500
volt-ampere or larger transformer, the output voltage of which can be varied. Starting at zero, the applied
potential is to be increased gradually to the required test value and is to be held at that value for 1 minute.
The requirement that the transformer be rated at 500 volt-amperes or more can be waived if the high
potential testing equipment used is such that it maintains the specified high potential voltage at the
equipment for the duration of the test and if it can be demonstrated that the test equipment will detect a
breakdown.
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46

46.1

Insulation Resistance Test

A unit shall have an insulation resistance not less than 50,000 ohms after exposure for 24 hours to

moist air having a relative humidity of 85 +5 % at a temperature of 32 +2 °C (90 %4 °F) (see 21.2) if
employing one of the following:

a) Thermal or acoustical insulation, such as mineral wool or other material, in contact with
uninsulated live parts; or

b) Electrical insulating material that is likely to be affected adversely by moisture under the
conditions of intended use.

46.2
30,000 ohms

47 Overvo

47.1 Other
low-voltage ¢
successfully
47.5, whiche

47.2 If limit

voltage extend beyond the overvoltage and undervoltage values specified in Table 39.1, the]

for the Overv

47.3 A reld
ambient-tem
requirements

474 The {
continuous ¢
indicated ove
is then to be
normal test
constant tem
relay and sol

47.5 Ifthel
voltage ratin

Insulation resistance may be measured by means of a voltmeter having an internal

and a 250-volt direct current circuit or by an equivalent method.
tage and Undervoltage Tests

than as indicated in 47.2 and 47.3, an electromagnet as employed*on a relay of
ircuit shall withstand 10 % above the normal test voltage withoGt damage and

ver applies.

S of operating voltage that may be marked on.thé unit nameplate in additior

oltage and/or Undervoltage Test is to be such marked operating voltage limit.

y or solenoid that is rated for the wveltage and operating conditions involV
perature conditions, is not required tocbe tested in the unit to determine if it com
in47.1. See 2.1 -2.2.

rimary of a low-voltage .transformer provided as part of the equipment a
uty relays and solenoids)is to be connected to a supply source and main
rvoltage until the coils of the relays and solenoids reach constant temperature.
reduced to the pormal test voltage. Each relay and solenoid is to operate p
voltage. The potential is to be maintained at the normal test voltage until th
peratures. The potential is then to be reduced to the indicated undervoltage cd
enoid is to‘operate properly under the undervoltage test condition.

resistance of

solenoid in a
shall operate

at 15 % below the normal test voltage (see Table 39.1) when tested as descrilped in 47.4 or

to the rated
test potential

ed, including
plies with the

nd supplying
tained at the
The potential
roperly at the
e coils reach
ndition. Each

bw-voltage transformer is not provided as part of the equipment, the normal test

relays or sole
subject to continuous operation is to be energize

voltage is the

j-ofy the low-voltage circuit, and the overvoltage and undervoltage potentials $pp|ied to the
07 b

: idthat will not be
d at the specified overvoltage and at the normal test

voltage for the maximum time permitted by its duty cycle or until it reaches constant temperature,
whichever occurs first.

48 Tests for Polymeric Materials

48.1

48.1.1

General

The tests for polymeric materials in this Section are to be conducted as indicated in Table 12.1.

48.1.2 Materials shall be classed 5V, V-0, V-1, V-2, HF-1, HF-2, HBF, or HB by the burning tests

described in
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Exception: A material is to be considered equivalent to 5V if the finished part complies with the

requirements

in 48.2, Flammability — 5-inch flame.

48.1.3 The Mold Stress-Relief Distortion Test in UL 746C may be performed as an alternative to 48.3,
Heat deflection test.

48.1.4 The Water Exposure and Immersion Test in UL 746C may be performed as an alternative to 48.4,
Water absorption test.

48.2 Flammability — 5-inch flame

48.2.1 The

Burning Test
sections obta
to be most cri

48.2.2 Sets
received" con

a) As

structdral part; or

b) At ¢
functid

If a polymerig
set of conditig

Exception: THh

conditions ar¢ met:

a) Th
prope

b) The
equal

48.2.3 Two

COt ;D tU bc CUI lduutcd CIII}J:Uy;IIu thc appalatuc dll\‘.l.l tCDt Illcthud dUObI;de f

for Classifying Materials 5V in UL 94, except that samples of the complete fin
ned from the finished part are to be tested with the flame applied to area$ af’th
fical with respect to ignition.

of at least three samples each are to be provided for test. One“set is teste
dition, and the other sets are tested after aging:

detailed in 48.5, Air-oven aging, if the polymeric material is used as an en

0 °C (194 °F) for 168 hours if the material is used ‘as thermal or acoustical insu
nal part.

material is used as indicated in both (a)and (b) above, it is to be aged at the
ns.

be test may be conducted on only, three unconditioned test samples if both of

ties as a result of long-term thermal aging; and

thermal-aging pkogram used for such determination includes specimens havin
fo or less than the wall thickness of the polymeric enclosure.

bf the three samples from each set shall show acceptable performance as follow

a) Sa

after theifth application of the test flame; and

the Vertical
shed part or
b part judged

d in the "as-

closure or a

ation or as a

maore severe

the following

b material used as thé enclosure does not exhibit a reduction in its flame-resistance

h a thickness

S:

ples shall not continue to flame or exhibit consuming combustion for more t

Tan 1 minute

b) Particles shall not drip from the specimen at any time during the test.

The performance is not acceptable if the material is destroyed in the area of the test flame to such an
extent as to produce a condition that could result in a risk of fire, electric shock, or injury to persons.

48.3 Heatd

48.3.1

eflection test

The heat deflection temperature of a polymeric material shall not be less than 10 °C (18 °F) higher

than the maximum intended operating temperature, but not less than 70 °C (158 °F) in any case.

48.3.2 The heat deflection temperature is to be measured in accordance with the requirements for
Deflection Temperature of Polymeric Materials Under Load in UL 746A, at a loading of 66 psi (455 kPa)

fiber stress.
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48.4 Water absorption test
48.4.1 The percentage of water absorption by weight of a polymeric part shall not exceed 1-1/2 %.

Exception: If dimensional changes in any measurable direction on the sample tested do not exceed 1/10 of
1 %, the percentage of water absorption by weight may be not more than 2 %.

48.4.2 Three samples approximately 1 by 2 by 1/8 inch (25.4 by 50.8 by 3.2 mm) obtained from the
finished molding are to be used. In each case, the sample is to be dried in a calcium chloride desiccator for
24 hours, then weighed, and next immersed in distilled water at 20 — 30 °C (68 — 86 °F) for 24 hours. The

samples are then removed from water and wiped dry of excess moisture and reweighed immediately. The
percentage increase-in \Mnighf isto-be-calculated-

48.5 Air-oyen aging

48.5.1 Spegimens of a polymeric part are to be aged in a full-draft, circulating "air-oven| at the aging
temperature pnd time determined by the intended use of the finished part in aceordance with [Table 48.1.

Table 48.1
Aging Temperature and Timé

Maximum normal operating
temperature® Aging temperature
Aging time,

Intehded use? °C (°F) °C (°F) hours
Enclosure (indpor only) 65 (149) 90 (194) 168
Enclosure 75 (167) 90 (194) 1440
Enclosure 85 (185) 95 (203) 1440
Enclosure 95 (203) 105 (221) 1440
Enclosure 100 (212) 121 (250) 1440
Structural 50 (122) 75 (167) 1440
Structural 75 (167) 100 (212) 1440
Structural 100 (212) 121 (250) 1440
2 If a material i$ used as both afnenclosure and a structural part, it is to be subjected to the aging condition shown fgr structural
parts.
® If normal opefating tendpérature is between two values shown in table, the higher of these two values is used in d¢termining the
aging conditions.

48.5.2 Following the air-oven aging, the specimens are to be subjected to the Flammability Test required
for the material application and to the requirements in 48.6, Tensile-strength test, 48.7, Flexural-strength
test, 48.8, Izod impact test, or 48.9, Tensile-impact test, if required for the material application. See Table
12.1 and Table 12.2 and the applicable tests described in this Section.

48.6 Tensile-strength test

48.6.1 The tensile strength of a polymeric part after air-oven aging shall:
a) Not decrease more than 50 %; and

b) Be essentially stabilized.
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48.6.2 The tensile strength is to be determined in accordance with the procedures of ASTM D638 on
samples in the "as-received" condition and after the appropriate air-oven aging.

48.7 Flexural-strength test

48.7.1 The flexural strength of a polymeric part after air-oven aging shall:
a) Not decrease more than 50 %; and

b) Be essentially stabilized.

48.7.2 The test is to be conducted in accordance with the procedure of ASTM D790 on appropriate
samples in the "as-received" condition and after air-oven aging.

48.8 lzod impact test

48.8.1 The fzod impact strength of a polymeric part after air-oven aging shall:
a) Not|decrease more than 50 %; and

b) Be gssentially stabilized.

48.8.2 The festis to be conducted on samples obtained from_the finished part and in accordance with the
procedure of ASTM D256.

48.8.3 If thg Izod Impact Test is not considered appropriate based on the material and the thickness of
the part involved, the test specified in 48.9, Tensilesimpact test, is to be conducted in lieli of the Izod
Impact Test.

48.9 Tensile-impact test

48.9.1 The {ensile impact strength of aypolymeric part after air-oven aging shall:
a) Not|decrease more than-50 %; and

b) Be gssentially stabilized.

48.9.2 The festis tobe conducted on samples obtained from the finished part and in accordance with the
procedure of ASTM-D1822.

48.10 Impaettest

48.10.1 A nonmetallic outer enclosure or base pan shall withstand an impact of 5 foot-pounds (6.9 J)
without breakdown or cracking in a manner which results in exposed uninsulated live parts or defeats its
intended use.

48.10.2 A nonmetallic structural part located within the unit enclosure shall withstand an impact of 1.5
foot-pounds (2.0 J) without breaking or cracking.

48.10.3 A decorative part which is not necessary for the operation of the unit and does not serve as the
enclosure of uninsulated live parts is not required to comply with the requirements of 48.10.1 or 48.10.2.

48.10.4 The complete part is to be employed for the test. The impact force applied is to be obtained from
a solid, smooth, steel sphere 2 inches (50.8 mm) in diameter and weighing approximately 1.18 pounds
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(0.535 kg). The sphere is to be allowed to fall freely from rest through the distance required to cause it to
strike the surface of the sample with the specified impact. For surfaces other than horizontal, the sphere is
to be suspended by a suitable cord and allowed to fall as a pendulum through the vertical distance
required to cause it to strike the surface with the specified impact. If the pendulum-type impact force is
used, the test sample is to be so placed that the surface to be tested is vertical and in the same vertical
plane as the point of support of the pendulum.

48.11 Volume resistivity tests

48.11.1 To be considered as insulating material, a polymeric material shall have a resistance per unit
volume of not less than 50 megohms-cm in the "as-received" condition and not less than 10 megohms-cm
after exposure to moist air having a relative humidity of 85 +5 % at a temperature of 32 +3 °C (90 £5 °F) for
96 hours.

48.11.2 The test is to be conducted in accordance with the procedure of Tests for,D-C [Resistance or
Conductancg of Insulating Materials in UL 746A on samples measuring 2 inches (50.8 mnp) in diameter
and in the mihimum thickness of the finished part.

49 Short-Qircuit Tests

49.1 Devicgs and conductors as referenced in 14.2.10, 16.20, 16421, and 23.3.1 shall withstand short-
circuit and ground-fault conditions when protected by either:

a) A device that is acceptable for branch-circuit protection and located in the product;

b) A pranch-circuit protective device of the type and maximum rating specified on the product
nameplate; or

c) A fuse as specified in 49.3.

Specifically, there shall be no damage (10 "conductors or their terminations, no ignition of cheesecloth
surrounding the enclosure housing of the components under test, and no arc-over between line-voltage
and low-voltgge circuits.

49.2 For the purpose of these-tests:
a) Fuses of the same rating are considered to be interchangeabile;
b) Cirpuit breakers of the same rating are considered to be interchangeable;

c) Cirguit breakers and fuses are not considered to be interchangeable; and

d) Different types of circuit breakers are not considered to be interchangeable with each other.

49.3 If a branch-circuit protective device is not specified on the product nameplate, a fuse of the
maximum rating permitted by the National Electrical Code, NFPA 70, to protect the circuit involved may be
used. However, the rating is to be not less than 20 amperes for a voltage rating of 150 volts or less or not
less than 15 amperes for a voltage rating of 151 — 600 volts. A test fuse rated at 15 or 20 amperes is to be
of the time-delay type.

49.4 The device or conductor is to be connected in a circuit having a capacity based on the rated current
and voltage of the product in accordance with Table 49.1. Each concurrent-load condition is to be
considered separately, and the maximum resulting current is to be employed as the basis of selection of
the capacity of the test circuit. The voltage source for the test circuit is to be an alternating voltage and the
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circuit capacity is to be measured without devices or conductors in the circuit. The power factor is to be 0.9
— 1.0 unless a lower power factor is agreeable to all concerned.

Table 49.1
Short-Circuit Test Currents

Product ratings, amperes c
Single phase Three phase ircu_it
:]I;g \_, 200 — T 220 — 254 -277V ggg\_, 220 — 240 p440 _ 480V 550 \_, 600 :?::ecl!(?g
208V 240V v
<98 <54 <4.9 - <2.12 <2.0 - — 200
9.9-16.0 55-8.8 5.0-8.0 <6.65 213-37 | 21-35 <1.8 <1% 1000
16.1-34.0 | B.9-18.6 8.1-17.0 - 3.8-95 3.6-9.0 - n 2000
34.1-80.0 | 18.7-44.0 | 17.1-40.0 - 9.6-233 | 9.1-22.0 - - 3500
>80.0 >44.0 >40.0 >6.65 >23.3 >22.0 >1.8 >1.4 5000
49.5 Three pamples of each component under test are to be subjected to_each test conditign and a new
protective deyice is to be used for each test. Consideration is to be givento both short-circuif and ground-

fault conditions.

50 Starting|Test

50.1 The tg
overcurrent p

5t is to be conducted on any product marked to specify a maximum size of
fotection that is less than the sum of:

supply-circuit

a) Fodrr times the rating of the largest motor (or 2.25 times that rating if time-del
specifled); and

py fuses are

b) Thq total rating of all other loads:

The ratings rgferenced are to be those specified on the product nameplate. See 75.12.

50.2 The pr
connected in
40, Input Tes
one of the fou
of three rem

oduct and four fuses of the type and rating specified on the product nameplate are to be
series. The preduct is to be operated for 30 minutes under the conditions specified in Section
, and then is'to be stopped. The product is to be restarted immediately after the fan stops. If
r fuseslopens on the restart, it is to be shorted out of the circuit and the test regeated. If one
pining. fuses opens, the results are not acceptable. An automatic-reset mgtor overload
protective deyiceymay open on the restart, but the product shall ultimately restart and run| as intended
without continuing operation of automatic-reset Motor overtfoad protective devices and without opening of
a manual-reset motor overload protective device.

51 Overload Test — High-Voltage Transformer

51.1 This test applies to a high-voltage transformer provided with thermal protection of other than the
nonrenewable thermal cutoff type. See 29.1.2.1.

51.2 Temperatures measured on the surface of the windings of a thermally protected high-voltage
transformer shall not exceed the insulation temperature rating when the transformer is tested as indicated
in 51.3 and 51.4. Insulation temperature rating is defined as the rating for the class of insulation, such as
105 °C for Class 105 insulation, 130 °C for Class 130 insulation, and the like.
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51.3 A variable resistance load is to be connected to the output terminals and the transformer operated
continuously at the normal test voltage indicated in Table 39.1. If the protective device controls a switching
device that in turn interrupts primary current to the transformer, the switching device is to be in the circuit.
The test ambient temperature is to be approximately 25 °C (77 °F). The resistance load is to be adjusted
so that the transformer winding is brought to a stabilized temperature of approximately 10 °C (18 °F) below
its insulation rating. The load is then to be gradually increased until operation of the protector occurs.

51.4 Three samples of the transformer-protector combination are to be tested. Average temperatures of
the three samples shall not exceed the winding insulation rating, and the temperature of any one sample

shall not exceed the insulation rating by more than 5 °C (9 °F).

Test, followi
52 Burnou

52.1 When

a) No

b) No

Exception: T
protection o
overcurrent d

52.2 Three
and at rated
and operatio

the test specified in 51.3 and 51.4.
Test — High-Voltage Transformer

a high-voltage transformer is tested as described in 52.2 and 52.3, there shall b
emission of flame or molten metal from the unit enclosure; and

emission of smoke into an air handling compartment.

his test does not apply to a high-voltage transformer that is provided with the
other than the nonrenewable thermal cutoff type (see 29.1.2.1) or that is
evices in accordance with the requirementsin 29.1.3.1.

samples of the transformer are to be tested at the normal test voltage specified
frequency with the enclosure grounded. The test ambient temperature is to be
n is to be continued until constant temperatures are indicated by a thermog

ge-Withstand

4

rmal overload
protected by

in Table 39.1
25 °C (77 °F)
ouple on the

transformer g¢nclosure, unless burnout occurs-€arlier.

52.3 The load connected to the output terminals is to be the highest of the following:
a) A resistance load to_previde a current equal to three times the full rated transfornjer secondary
current;

b) If the transformer supplies a motor with or without additional loads, a resistance load to provide a

current equaltethe motor locked-rotor current plus any additional loads; or

c) If the.transformer supplies an inductive load (other than a motor), such as the ¢
solenpids), and the like, a resistance load to provide a current equal to the sum of su
the armature of the largest blocked open.

pils of relays,
ch loads with

The load is to be readjusted to the specified value after 2 minutes of operation, if necessary, with no further
readjustment during the test.

Exception: The test may be conducted with the output terminals short-circuited if this results in less than
three times rated secondary current.

53 Grounding Means Overload Test
53.1 The test specified in 53.2 is to be conducted only if required by 16.20 or 16.21(c).

53.2 The bonding connection and conductor shall not open when carrying a current equal to twice the
rating of the circuit overcurrent protective device for the time interval indicated in Table 53.1.
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Table 53.1
Duration of Current Flow, Bonding Conductor Test
Rating of overcurrent protection device, amperes Minimum duration of current flow, minutes
<30 2
31-60 4
61-100 6
101 -200 8

54 Condensation Test

54.1 An appliance operating under the conditions described in 54.2 and 54.3 shalhhaye a surface
temperature ¢n all live electrical components exposed to ambient air or the warm exhalist air |(Figure 54.1,
Station 3) grejter than the minimum permissible temperature as determined in 54.4.

Figure 54.1

Condensation Test

Control temperature
chamber \

08 ;

Airflow —== Tp

——

& ||~

/ “‘Q\

Heat recovery

ventilator \
T

¥ = Station 1 — supply air from outside

2 = Station 2 — supply air to test chamber

3 = Station 3 — exhaust air from test chamber
4 = Station 4 — exhaust air to outside

oY (e

S3615

54.2 The appliance shall be installed in a test facility as shown in Figure 54.1. Test chamber air
temperature shall be maintained at 20 +1 °C (36 £2 °F) above the air temperature entering the appliance

(Figure 54.1, Station 1). The airflow rate entering the equipment shall be adjusted to the manufacturer's
maximum recommended value.

54.3 The temperature shall be considered constant when three successive readings taken at 10-minute
intervals indicate no change with not less than 1-hour elapsed duration of the test.

54.4 The minimum permissible temperature shall be computed by means of the following formula:
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T,=08T, +027,

where:
T3 = the minimum permissible temperature in °C
T, = the air temperature of test chamber in °C

T, = the air temperature entering the heat recovery ventilator in °C

55 Leakage Current Test

55.1 A corfl-connected appliance rated for a nominal 240 volt or less supply shall [be tested in
accordance ith 55.3 — 55.6. The leakage current shall not exceed:

a) 0.9 milliampere for an ungrounded 2-wire product;

b) 0.4 milliampere for a grounded, 3-wire, portable product; and

c¢) 0.7b milliampere for a grounded, 3-wire, product:

1) Employing a standard attachment plug rated 20 aniperes or less; and

2) Intended to be fastened in place or located in adedicated space.

Exception: The leakage current shall be no more than 3.5-mA under the following conditions:
a) The product is rated 20 A or less;

b) The product requires electromagnetic field suppression filtering for compliance with EMI
regulations; and

¢) The product is equipped with-agrounding-type power supply cord and plug.

55.2 Leakage current refers té\ all currents, including capacitively coupled currents, [that may be
conveyed between exposed conductive surfaces of an appliance and ground or other expos¢d conductive
surfaces of an appliance.

55.3 Currents from.these surfaces are to be measured to the grounded supply conductor individually as
well as collegtively where simultaneously accessible. Parts are considered to be exposed syrfaces unless
guarded by an.enclosure considered acceptable for reducing the risk of electric shock as getermined in
accordance With’9.5 — 9.7. Surfaces are considered to be simultaneously accessible if they ¢an 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. If all accessible
surfaces are bonded together and connected to the grounded conductor of the power-supply cord, the
leakage current can be measured between the grounding conductor and the grounded supply conductor.

55.4 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using metal foil having an area of 10 by 20 cm in contact with the
surface. If the surface has an area of less than 10 by 20 cm, the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the appliance.

55.5 The measurement circuit for leakage current is to be as illustrated in Figure 55.1. The measurement
instrument is defined as follows:
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a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad;

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

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response—ratio of indicated to actual value of current—equal to the ratio of the impedance of a
1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of 0.5
milliampere, the measurement is not to have an error of more than 5 % at 60 hertz; and

d) Unless the meter is being used to measure leakage from one part of an appllance to another, the
, groL duictor.

The meter thpt is actually used for a measurement need only indicate the same numericdl value for a
particular mepsurement as would the defined instrument. The meter used is not required tq have all the

attributes of the defined instrument.
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55.6 A sample of the appliance is to be tested for leakage current in the as-received condition, without
prior energization except as may occur as part of the production-line testing but with the grounding
conductor, if any, open at the attachment plug. The supply voltage is to be adjusted to the applicable
values specified in Section 39, Test Voltage. The test sequence, with reference to the measuring circuit

(Figure 55.1),

is to be as follows:

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

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

all the

c) The

l ' HH <l
FTiormar upcirati IH MUSIUUINTS, Adllld

leakage current is to be monitored until thermal stabilization. Both positions of s

to be ysed in determining this measurement. Thermal stabilization is to be obtained byj

in the
55.7 Norma|
interruption fq

may be interr

56 Continu

56.1 The re
specified in 1§
a) For
which
b) For|
the gr
57 Humidit
57.1 After

requirements
leakage curre

57.2 For thg
just above 34

hormal temperature test.

ly, the complete leakage current test as described in 55.6 is to be condd
r other tests. However, with the concurrence of those concerned, the leakage
Ipted to conduct other nondestructive tests.

jty of Grounding Circuit Test

witch S2 are
operation as

cted without
b current test

sistance shall not be more than 0.1 ohm between any point required to be grounded, as
5.1, and:
an appliance intended for permanentielectrical connection, the point on the

the power-supply system will be connected; and

a cord-connected appliance employing a grounding conductor in the cord, the
punding conductor of the power-supply cord is connected.

y Conditioning Test

conditioning as specified in 57.2, a cord-connected appliance shall com
in Section 45, Dielectric Voltage-Withstand Test. For an appliance rated 240 vol
nt shall nof:be more than the applicable value in 55.1.

conditioning mentioned in 57.1, a sample of the appliance is to be heated to 4
20 (93 °F) to reduce the likelihood of condensation of moisture during cond

enclosure at

oint to which

bly with the

s or less, the

temperature
itioning. The

heated samp

e is then to be placed in the humidity chamber and conditioned for 48 hours in air having a
relative humidity of 88 +2 % and a temperature of 32 +2 °C (90 %4 °F). Following the conditioning:

a) The appliance is to be tested unenergized as specified in 55.6(a). Then, either while the sample
is still in the humidity chamber or within 1 minute of removal from the chamber, the sample is to be
energized and tested as specified in 55.6(b) and (c). The test is to be discontinued when the
leakage current stabilizes or decreases; and

b) The appliance shall comply with the dielectric voltage-withstand requirements in Section 45,
Dielectric Voltage-Withstand Test.

57.3
direct current

Copyright Underwriters Laboratories Inc.

circuit.

Insulation resistance is to be measured by means of a high-resistance voltmeter using a 250-volt,


https://ulnorm.com/api/?name=UL 1812 2025.pdf

APRIL 1, 2025 UL 1812 99

58 Strain Relief Test

58.1 The strain relief means provided on a flexible cord shall withstand for 1 minute without displacement
a direct pull of 35 pounds (156 N) applied to the cord with the connections within the appliance
disconnected. The strain relief is not acceptable if, at the point of disconnection of the conductors, there is
such movement of the cord as to indicate that stress on the connections would have resulted.

Exception: The strain relief means provided on a through cord switch shall withstand for 1 minute a direct
pull of 30 pounds (133 N). The strain relief is not acceptable if a conductor is detached from a terminal or if
an uninsulated conductor of the cord is exposed.

582 A 35_Fn| mnd (1R kg) \Alnighf istohe st |epnnr|nd from the cord and st |ppnrfnd l’\\]/ the gpr"ance so that

the strain-rel

58.3 Forth

ef means will be stressed from any angle the construction of the appliance perm

b construction mentioned in 13.3.2.3, six samples of the clamp that have been 5

cord in the iptended manner are to be used. Three samples are to be subjected {6 the tes

Section 45, [
58.1inthea
being subjec

a) Th
temp
during

b) Th
the va
betws
clamg

Dielectric Voltage-Withstand Test, and shall then comply with the strain-relief tes
5-received condition. Three samples shall comply with the requirements specifie
ed to the following procedures:

b samples are to be placed for 168 hours in a forced-draft air-circulating oven m
rature of 70 °C (158 °F) or 10 °C (18 °F) higher thaf the temperature recorded
the Temperature Test, Section 41, whichever is greater;

b samples are then to be subjected to the Dijelectric Voltage-Withstand Test, Sq
lue of the applied potential based on the rating of the appliance. The potential ig
en conductors, and if the clamp is metal, the potential is also to be applied
and all conductors spliced together; @and

¢) The conditioned samples then are:t6_be cooled at room temperature.

59 Push-B

59.1
when such d

a) Su
which

b) Re

c) Da

hck Test

The stipply cord shall be prevented from being pushed into the product through the ¢

splacement is likely to:

bject the cerd*o mechanical damage or to exposure to a temperature higher
the cord.js rated,;

duce Spacings, such as to a metal strain relief clamp, below the minimum intend

its.
ecured to the
5t specified in

Is specified in
d in 58.1 after

aintained at a
on the clamp

ction 45, with
to be applied
between the

brd entry hole

than that for

bd values; or

dade ntermatconnectors or components.

59.2 The supply cord is to be held 1 inch (25.4 mm) from the point where the cord emerges from the
product and is then to be pushed back into the product. The cord is to be pushed back into the product in
1-inch (25.4-mm) increments until the cord buckles or the force to push the cord into the product exceeds
6 pounds-force (26.7 N) The supply cord within the product is to be manipulated to the worst case position
during the test to determine compliance with 59.1.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1812 2025.pdf

100 UL 1812 APRIL 1, 2025

60 Controls — End Product Test Parameters

60.1 General

60.1.1 Spacings of controls shall comply with either the electrical spacing requirements or the
clearances and clearance distance requirements of the applicable control standard as determined in

Section 31, Controls.

60.1.2 References made to declared deviation and drift indicate the manufacturer’s declaration of the
control’s tolerance before and after certain conditioning tests.

60.2 Auxiligry-controts

60.2.1 Auxiliary controls shall not introduce a risk of electric shock, fire, or personal injury.
60.2.2 Auxiljary controls shall comply with the requirements of this end product-Standard.
60.3 Operating controls (regulating controls)

60.3.1 The |following test parameters shall be among the items considered when |judging the
acceptability ¢f an operating control investigated using UL 60730-1:

a) Control Types 1 or 2;

b) Unless otherwise specified in this Standard, mhanual controls and automatic confjrols shall be
tested|for 6,000 cycles with under maximum normal load conditions, and 50 cycles urjder overload
conditlons;

c) Instpllation Class 2 per IEC 61000-4;5;
d) For|the applicable Overvoltage Category, see Table 60.1;
e) For|the applicable Material Group, see Table 60.2; and

f) For the applicable Pollution Degree, see Table 60.3.

Annex B provides more e€xamples of controls intended to be used as operating controls.

Table 60.1
Overvoltage Categories

Appliance Overvoltage category

Intended for fixed wiring connection 1]

Portable and stationary cord-connected Il

Control located in low-voltage circuit |

NOTE — Applicable to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled
equipment that would increase the risk of fire or electric shock.
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Table 60.2
Material Groups
CTI PLC value of insulating materials Material group

CTI=2175<40
CTI=2100< 17

CTI2600 (PLC = 0)
CTI 2400 <600 (PLC = 1)

[
I
0 (PLC =2 or 3)
5 (PLC = 4)

llla
Illb

NOTE — PLC stands for Performance Level Category and CTI stands for Comparative Tracking Index, as specified in UL 746A.

Table 60.3
Pollution Degrees

Appliance control microenvironment Pollution

degree

No pollution or]
hermetically sq
wiring boards

Normally, only
condensation
commercial clg

Conductive po
condensation {
by motors with
this degree.

only dry, nonconductive pollution. The pollution has no influence. Typically
aled or encapsulated controls without contaminating influences, or printed
Vith a protective coating can achieve this degree.

honconductive pollution. However, a temporary conductivity caused by
nay be expected. Typically indoor appliances for use in household or,
an environments achieve this degree.

lution, or dry, nonconductive pollution that becomes conductive'due to
hat is expected. Typically controls located near and may be adversely affected
graphite or graphite composite brushes, or outdoor use appliances achieve

60.4 Prote

60.4.1
Section 31,

include thos
temperature
some other

evaluation of
fault conditio
protective co

60.4.2 The
acceptability

An g¢lectronic control that performs«a’ protective function shall comply with the re

ctive controls (limiting controls)

Controls, while tested using the parameters in this Section. Examples of protg
b used to sense abnormal*temperatures of components within the appliang
protection of the motor due to locked rotor, running overload, loss of phase;
unction intended te_reduce the risk of electric shock, fire, or injury to person
the protective control/circuit, the protective functions are verified under norm
hs of the control/¢ircuit. Annex B provides more examples of controls intended
htrols.

following test parameters shall be among the items considered when
of @n electronic protective control investigated using UL 60730-1:

uirements in
ctive controls
e; to provide
or to perform
s. During the
bl and single-
lo be used as

judging the

a) Fai

lure-Mode and Effect Analysis (FMEA) or equivalent Risk Analysis method;

b) Power supply voltage dips, variation, and interruptions within a temperature range of 10 °C
(50 °F) and the maximum ambient temperature determined by conducting the Normal Temperature
Test, Section 41;

¢) Surge immunity test — installation Class 3 shall be used;

d) Electrical fast transient/burst test, a test level 3 shall be used;

e) Electrostatic discharge test;

f) Radio-frequency electromagnetic field immunity:
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2) Immunity to radiated electromagnetic fields; field strength of 3 V/m shall be u

sed;

g) Thermal cycling test shall be conducted at ambient temperatures of 10.0 +2 °C (50 +4 °F) and
the maximum ambient temperature determined by conducting the Normal Temperature Test,
Section 41. The test shall be conducted for 14 days;

h) Overload shall be conducted based on the maximum declared ambient temperature (T,,.x) Or as
determined by conducting the Normal Temperature Test, Section 41; and

i) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class B.

60.4.3 The fes

be as specifig
a) Wi

portio

electrical supervision of critical components may not rely on trouble indication;

b) A figld strength of 3 V per meter is to be used for the Radiated EMI test;

c) ThrI Composite operational and cycling test is to beconducted for 14 days at
extremes of 0 °C (32 °F) and 70 °C (158 °F);

d) Thg Humidity Class is to be based on the appliance’s intended end use and is to bg
Humidity test;

e) A vibration level of 5 g is to be used for the Vibration test;

f) When a computational investigation is.conducted, |, shall not be greater than 6 failu
for thg entire system. The Operational'tést is to be conducted for 14 days;

g) When the Demonstrated methed test is conducted, the multiplier for the test accel
is to be 576.30 for intermittent use appliances, or 5763.00 for continuous use applian
accelgration factor equationis to be based on a 25 °C (77 °F) use ambient;

h) Thg Endurance testis to be conducted concurrently with the Operational test. The
perform its intended function while being conditioned for 14 days in an ambient air te

60 °C
higher

operaI‘ed system becoming permanently inoperative with respect to movement of

d in UL 991, using the following tes

t parameters:

regard to electrical supervision of critical components, for attended ‘applian

of the appliance meets the criteria for trouble indication. Forsunattended

(140 °F),er~10 °C (50 °F) greater than the operating temperature of the control,
During-the test, the control is to be operated in a manner representing normal y

i) For fhe Electrical fast transient burst test, test level 1 is to be used;

3y 60.4.1 shall

ces, a motor
an exposed
appliances,

temperature

used for the

es/108 hours

eration factor
ces. The test

control shall

mperature of
whichever is
se;

j) Conduct a failure-mode and effect analysis (FMEA); and

k) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class 1 in accordance with UL 1998.

60.4.4 Unless otherwise specified in this Standard, protective controls shall be evaluated using the rated
current for 100,000 cycles for Type 2 controls and 6,000 cycles for Type 1 controls.

60.5 Controls using a temperature sensing device

60.5.1

A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient

(NTC) thermistor that performs the same function as an operating or protective control shall be tested
using the following number of cycles when testing a sensing device in accordance with the endurance test
of UL 60730-1:
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a) For a device employed as an operating device — 6,000 cycles;

b) For a device employed as a protective device — 100,000 cycles; and

c) For a device employed as a combination operating and protective device — 100,000 cycles.

61 Strengt

61.1

h Tests

These tests shall be applicable to those refrigerant-containing parts and hot water and steam coils

that are required to comply with the strength requirements specified in Section 17, Refrigerant, Hot Water,
and Steam Coils.

Exception: H
Section.

61.2 Twos
following nes

a) Mo
b) Vo
c) Crg

d) Co

e) ltems equivalent to those specified in (a) — (d).

61.3 The tg
connected in

is reached and shall be maintained for 1 minute.

61.4 Thets

61.5 Parts

ressure-actuated refrigeration controllers are not required to meet the requirg

bmples of each refrigerant-containing part shall be tested, except that only one
d be tested on liquid chillers employing centrifugal motor-compressors:

tor-compressor enclosure;
utes;
SS-over pipe;

hdenser and evaporator; and

st samples shall be filled with any«ifert liquid, such as water, to exclude air
a hydraulic pump system. The pressure shall be raised gradually until the requ

st pressure required shall be computed in accordance with 17.4 — 17.6.

shall be consideredsto comply with the requirement if they do not burst or lea

ments of this

sample of the

and shall be
ired pressure

, except that

leakage at ggiskets shall not’beconsidered a failure if the leakage occurs at a pressure greater than 40 %

of the requirg

61.6 Withr
of lengths of
the requiren

d test pressure:

bference.to 61.1 — 61.5, sections of the refrigerant system constructed of conting

ous tubing or

tubing connected by hard soldered brazed or welded joints shall be considere

d as meeting

nents, provided the tubing employed in the assembly meets the minimyim thickness

requirements of Table 17.7.

62 Fatigue
62.1

62.1.1

Test Analysis

General

These tests shall be applicable to those parts or the complete system that contains refrigerant

and that are required to comply with the strength requirements specified in Exception No. 3 to 17.4.

62.2 Tests

62.2.1

pecifications

When tested in accordance with this Section, a part or a complete system shall have sufficient

strength to withstand the pressure strength test requirements specified in Section 61, Strength Tests. The
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test pressure utilized for Section 61 shall be three times the minimum design pressure specified in Table

17.2.

62.3 Material specifications

62.3.1

Materials used in the pressure containment system and subjected to this test shall be identified by

reference to an industry standard material specification, such as ASTM, SAE, AISI, and the like, as
specified by the manufacturer. Joining methods shall be specified by materials, the manufacturer's
process specifications, or the equivalent.

62.4 General test specifications

62.4.1 Thre
specified in 6

e samples of each refrigerant-containing part shall be tested at the cyclic-pre
P.6.2 and 62.7.1 for the number of cycles specified in 62.6.1, as described(in the,

62.5.1 and 6

.5.2. At the manufacturer's option, three samples of the complete system sha

the test.

62.4.2 The
completion off

62.5 Testm

62.5.1 The
source. The
specified by
shape of the
atleast 0.1 se

NOTE: For safe
completely fill the

62.5.2 Mate
independent
operating ten
temperature i

samples shall be considered to comply if they comply with the.requirements in
the test and if they do not rupture, burst, or leak.

ethod
test samples shall be filled with inert fluid and\shall be connected to a pre

pressure shall be raised and lowered betweenthe upper and lower cyclic val
he manufacturer. The full specified pressuté’ excursion shall occur during ead

ssure values
test method,
| be used for

62.5.3 at the

ssure driving

les at a rate
h cycle. The

ressure cycle shall be such that the upper-and lower pressure values shall be njaintained for

cond.

y purposes, it is suggested that the inert fluid described in 62.5.1 should be a hydraulic fluid.
part, displacing all air.

rials such as steel, copper, and aluminum have fatigue properties that a
pf temperature at the_continuous operating temperatures normally encounter
perature conditions'and internal system temperatures of the unit. If the continug
5 less than or équal to 121 °C (250 °F) for copper or aluminum or 204 °C (400

the test temp
operating te

(400 °F) for steel, the test temperature of the parts or assemblies that are at these temp)
subjected to the pressure shall be at least 149 °C (300 °F) for copper or aluminum and 260 °(

brature of the'component part or assembly shall be at least 20 °C (68 °F). If th
perature<of-the component exceeds 121 °C (250 °F) for copper or aluminu

I'he fluid should

e practically
ed under the
us operating
°F) for steel,
e continuous
m or 204 °C
eratures and

C (500 °F) for

steel. For other materials or higher temperatures, the effects of temperature on the mafrerial fatigue

characteristics shall be evaluated.

62.5.3 Following the specified number of test cycles, the test pressure shall be increased to the highest
amount, either:

a) Two times the minimum upper pressure values specified in 62.7.1; or

b) One and one-half times the marked or accepted pressure rating required in 75.23.

After the pressure is raised, the test value shall be maintained for 1 minute without rupture, burst, or leak.
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62.6 Test parameters
62.6.1 The number of cycles shall be 500,000. The test pressure of the first cycle of the test shall be

determined by 62.6.2. The test pressure for the remainder of the test shall be determined by 62.7.1.

62.6.2 Except as specified in 62.6.3, the test pressure for the first cycle shall be the pressure identified in
62.2.1 prior to multiplying by three.

62.6.3

If the high-side maximum design pressure for the equipment equals or exceeds the critical

pressure of the refrigerant, then the upper pressure of the high-side parts during the first cycle shall be the

higher of eith

er the equipment maximum abnormal pressure or maximum design pressure.

62.6.4 With
62.7 Cycle

62.7.1

a) Ex
press
(120

refrig

b) EX

uppef
26.7

psig (

c) Fo
or cas

less than the start-to-discharge. value of the pressure-regulating relief valve. The Iqg

shall

d) Fo
trans
syste
relief
at10

NOTE 1: The ok
pressure at min

reference to 62.6.3, the critical pressure of R-744 is 1,058 psig (7,295 kPa):

test pressure specification

cept as indicated in (¢) and (d), for components subject to\high-side pressur
ure value shall not be less than the saturated vapor, pressure of the refrige
F) and the lower pressure value shall not be greater than the saturated vapor p
brant at 4.4 °C (40 °F);

cept as indicated in (c) and (d), for components' subjected to only low side p
pressure value shall be not less than the»saturated vapor pressure of the
C (80 °F) and the lower pressure value shall be between 0 psig (0 kPa) and th
34.5 kPa) or the saturated vapor pressure of the refrigerant at minus 12.2 °C (10

cade system or in the low-side ‘of-a transcritical system, the upper pressure valy

be not more than 100 psig (690 kPa); and

I components used.ih. equipment intended to utilize carbon dioxide (R-744) in
ritical system designed for operation at pressures between the low-side and hi
m, the upper pressure value shall not be less than start-to-discharge value of]
valve. The lower pressure shall be not more than saturated vapor pressure of 4
’F (minus 2 °C). For R-744, this value is 345 psig (2.4 MPa).

jective is to avoid a test value that is a negative pressure but to require a lower pressure value of thg

Except as specified in 62.7.2, the pressure for the remainder of the test.cycles shall e as follows:

ps, the upper
rant at 49 °C
Fessure of the

ressures, the
refrigerant at
e greater of 5
°F);

components used in equipment intended to utilize carbon dioxide (R744) in a s¢condary loop

e shall not be
wer pressure

portions of a
gh-side of the
the pressure
he refrigerant

b saturated vapor

s\1212 °C (10 °F) or 5 psig (34.5 kPa), whichever is greater.

NOTE 2: For zeotropic mixtures, the average of the dew point pressure value and the bubble point pressure value at the specified

temperature is u

62.7.2

sed as the saturated vapor pressure value.

If the high-side design pressure of the equipment equals or exceeds the critical pressure of the

refrigerant, then the upper pressure for the remaining cycles shall be not less than 95 % of the higher of
either the maximum abnormal pressure or the maximum design pressure of the equipment.

62.7.3 With reference to 62.6.3 and 62.7.2, the lower pressure for all cycles shall not be greater than the
saturated vapor pressure of the refrigerant at 40 °F (4.4 °C). For R-744, this value is 580 psig (4.0 MPa).
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63 Electric Heater Tests
63.1 General
63.1.1 The tests in this Section shall be conducted on any unit that employs electric resistance heaters.

63.1.2 The maximum temperatures measured during the tests described in this Section shall not exceed:

a) The value specified in Column 2 of Table 41.1 during 1 hour after the first operation of a limit
control or motor overload protective device; and

b) The value specified in Column 1 of Table 41.1 thereafter.

Exception: A motor may attain the temperature specified in Column 2 during any part of the Aept.
63.2 Continuity of operation
63.2.1 The {est voltage shall be as specified in Table 39.1.

63.2.2 The product shall be placed in heating operation with all electricheaters energized. There shall be
no inlet air restriction except as inherent in the device with air filters.in/place.

63.2.3 The {est shall continue until the outlet air and surface temperatures have stabilized.

63.2.4 Inlet pir shall be 80 °F (26.7 °C) except for equipmént, such as makeup air units with [electric heat,
designed and intended to be utilized at entering air temperatures less than 80 °F and employihg one of the
following confrol schemes:

a) A functional limit control (that meéts the requirements in 37.11 — 37.14) to ogerate to de-
energize the appropriate number-of heaters. This functional limit control shall haye the same
construction as the primary limit-Controls but shall be set at a temperature 3 °C (5.4 °F] lower so the
functignal limit control would always function first, before the primary limit controls (that meet the
requirgments in 37.11 — 37114 and 63.2.4); or

b) A regulating control te control the heaters if the heaters also have primary limit|controls and
p protection timit controls as described in Section 64, Backup Protection Tests.

63.3 Limit ¢ontrol ‘cutout test

63.3.1 A limjit\control, when adjusted to the maximum setting allowed by a fixed stop, shall prevent a unit
from delivering air at a femperature exceeding 1271 °C (250 °F).

63.3.2 The test arrangement and conditions shall be as described in 63.2, Continuity of operation. The
unit shall be operated as described in 63.2 until the outlet air temperature is constant.

63.3.3 The inlet opening shall be slowly and uniformly restricted at the rate indicated in 63.3.5, with no
other readjustment of the system until a limit control opens, at which point the outlet air temperature shall
be measured.

63.3.4 If the heater circuits are not fully deenergized by the first limit control operation, the test shall be
continued by further restricting the inlet air until either all limit controls trip or the outlet air temperature
stabilizes.
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