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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 requirements cover heat recovery ventilators rated at 600 volts or less, and intended to be

installed in ordinary locations in accordance with the National Electrical Code, NFPA 70. These units may
also include meansforairfiltration

1.3 These 1equirements apply to heat recovery ventilators employing gas-, oil-, or gas-oil-fired or electric
resistance hg¢ating means. The requirements for the construction and performance-ofigas, qdil, and gas-oil
burners, hedt exchangers, electric resistance heaters, and components for_the“direct gontrol of the
utilization of fhese heating means are to be those included in other applicable standards.

1.4 Heat rgcovery ventilators are intended for installation in accordance with the Stapdard for the
Installation of Air Conditioning and Ventilating Systems, NFPA 90A, andjthe Standard for the|Installation of
Warm Air Hepting and Air Conditioning Systems, NFPA 90B.

2 General
2.1 Units of measurement
2.1.1 Unlegs otherwise indicated, all voltage andicurrent values mentioned in this standard gre rms.

2.1.2 Values stated without parentheses are-the requirement. Values in parentheses are gxplanatory or
approximate finformation.

2.2 Undatdd references

2.21 Any Undated referenceto a code or standard appearing in the requirements of this gtandard shall
be interpretefl as referringito.the latest edition of that code or standard.

3 Glossary

3.1 For the|purpose of this standard, the following definitions apply.

3.2 BARRIER - A partition for the insulation or isolation of electrical circuits or isolation of electrical arcs.

3.2.1 CAPACITOR, CLASS X — Capacitor or RC unit of a type suitable for use in situations where failure
of the capacitor or RC unit would not lead to danger of electrical shock but could result in a risk of fire.
Examples would be units connected phase to phase or phase to neutral.

a) X1 capacitors are generally used in circuits of permanently connected appliances. However, if
the appliance is provided with a separate surge protective device that limits the impulse voltage to
£ 2.5KV, an X2 capacitor is permitted.

b) X2 capacitors are generally used in circuits of cord-connected appliances.
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3.2.2 CAPACITOR, CLASS Y — Capacitor or RC unit of a type suitable for use in situations where failure
of the capacitor could lead to danger of electric shock. Examples would be capacitors connected across
the primary and secondary circuits where electrical isolation is required to prevent an electric shock or

between hazardous live parts and accessible parts.

a) Y1 capacitors are used in circuits where the prevention of electric shock is afforded solely by the
isolation provided by the capacitor. Two Y2 capacitors connected in series is considered to provide

the sa

me level of protection as one Y1 capacitor.

b) Y2 capacitors are used where the prevention of electric shock is provided by the combination of

pacitor and earth ground for circuits operating at voltages = 150V and < 300V.

the ca

c) Y4

the ca
3.3 CONTR
3.4 CONTR
relied upon a

an efficiency
normal or abr

3.5 CONTR

3.6 CONTR
regulates the
thermal cutod
operating con

3.7 CONTR
reduce the ri

pacitor and earth ground for circuits operating at voltages < 150V.
OL, AUTOMATIC — A control in which at least one aspect is non-manual.

OL, AUXILIARY — A device or assembly of devices that providés‘a functional
5 an operational or protective control, and therefore is not relied.upon for safety.

control not relied upon to reduce the risk of electric shock, fire, or injury to pq
ormal operation of the end product is considered an auxiliary control.

OL, MANUAL — A device that requires direct humaninteraction to activate or res

OL, OPERATING — A device or assembly ‘of devices, the operation of wh
end product during normal operation. Eer“éxample, 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”.

OL, PROTECTIVE — A device er-assembly of devices, the operation of which i
sk of electric shock, fire orvinjury to persons during normal and reasonabl

abnormal opg¢ration of the appliance~For example, a thermal cutout/limiter, or any other

relied upon fq
also referred

3.8 CONTR
and the drift
operating seq

3.9 CONTR

r normal and abnormal conditions, is considered a protective control. Protectivg
0 as “limiting contrels®and “safety controls”.

OL, TYPE 1 —"The actuation of an automatic control for which the manufactur

uence has.not been declared and tested under this standard.

'\apahifnre are-used where the prn\lnnfinn of alectric shock is prr\\lir{nri hy the-combination of

utility, is not
For example,
rsons during

t the control.

ich starts or
e of which a
bnsidered an

5 intended to
y anticipated
control/circuit

controls are

ing deviation

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

OL,“TYPE 2 — The actuation of an automatic control for which the manufactur

and the drift

ing deviation
ting time, or

3.10 CONTROL CIRCUIT - the circuit that carries the electric signals directing the performance of a
controller. A control circuit does not carry the main power current.

3.1
load in the eq

uipment.

CONTROLLER - A device or group of devices that governs power delivered to a motor or other

3.12 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.
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3.13 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.

3.14 FUNCTIONAL PART — A part other than an enclosure or structural part that is necessary for the
intended operation of a unit.

3.15 HIGH-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of those of a low-voltage circuit.

3.16 LOW-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 volts alternating

current (42.4

a)ap
b)a d

perfo

A circuit deri
means of lim

3.17 MANUY
to open the 1
motor circuit,

3.17.1 SAH
relied upon t

3.18 SECQ
normal runni
winding tem

3.19 SINGI
motor circuit
31°F), or low|

3.20 STRU
electric shoc

volts neak) or direct current and sunnlied by
| 7 7 Lid i B4

rimary battery,
lass 2 transformer, or

combination of transformer and fixed impedance which, as a"unit, complie
mance requirements for a Class 2 transformer.

ved from a high-voltage circuit by connecting resistance in’series with the supp
ting the voltage and current is not considered to be atow-voltage circuit.

AL RESET THERMAL PROTECTOR - A device'that incorporates a bimetal tha
notor circuit upon reaching a certain temperature and requires manual resetting

ETY CRITICAL FUNCTION — Contr@l; protection and monitoring functions wh
b reduce the risk of fire, electric shock or casualty hazards.

NDARY PROTECTION (BACK-UP) PROTECTION — A protector that does not
ng or locked rotor test conditions, without further stress applied to the motor
erature, ambient temperature, or voltage.

| E-OPERATION-DEVICE — A device that incorporates a bimetal that is calibratg
upon reaching a certain temperature and is resettable only by cooling to minus

er.

CTURAL PART — A part used in such a manner that failure of the part may pre
oninjury to persons.

5 with all the

ly circuit as a

t is calibrated
to reclose the

ich are being

bperate under
by increased

d to open the
35°C (minus

sent a risk of

3.21

circuit supplying one or more loads that are not part of the control circuit.

TAPPED HIGH-VOLTAGE CONTROL CIRCUIT — A circuit that is tapped within the unit from a

3.22 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.

3.23 TOTALLY ENCLOSED MOTOR — A motor that is enclosed to prevent the free exchange of air
between the inside and outside of the enclosure for windings but not sufficiently enclosed to be airtight.
Drain holes are acceptable.

4 Installation and Operating Instructions

4.1 Installation and operating instructions shall be furnished with units and accessories.
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4.2 Instructions are to accompany each unit and accessory, either individually or with each shipment to
the installer. If the instructions for the unit do not cover a field installed accessory, instructions are to be
furnished with the accessory.

4.3 A copy of the installation and operating instructions or equivalent information is to be furnished with
the samples submitted for investigation for use as a guide in the examination and test of the unit. For this
purpose, the instructions need not be in final printed form.

4.4 The instructions shall include directions and information deemed by the manufacturer to be adequate
for the intended installation, maintenance, and use of the unit, including application information as to
mounting. Applicable information as to such quantities as air flow velocity and static pressure shall be

made availab

e by the manufacturer.

4.5 If a unit
connection of
be connecteq
installation o

CONSTRUCT

5 Compongnts

51 Acomp
a) Cor
b) Be
c)Be

d) Ada

Exception Nd
specific comp

a) Invi
produ

b) Is s

c)ls §

having provision for connection of a fresh air discharge duct does not alsg have
an indoor air intake duct, or if the instructions indicate that an indoor air'intake ¢
, the instructions should indicate that applicable installation codes imay lim
ly in a single story residence.

[ION

pnent of a product covered by this standard shall:

hply with the requirements for that component;

ised in accordance with its rating(s) established for the intended conditions of us
Ised within its established use limitations or conditions of acceptability; and

itionally comply with the applicable requirements of this end product standard.

. 1: A component of a product covered by this standard is not required to ¢
onent requirementthat:

plves a feature_or characteristic not required in the application of the comg
Ct,

Liperseded by a requirement in this standard, or

eparately investigated when forming part of another component, provided the (

provision for
uct need not
t the unit to

€,

omply with a

onent in the

tomponent is

used v

T itS estabiished ratings ard firmtations.

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

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

b) The component standard:

1) Is compatible with the ampacity and overcurrent protection requirements in
Electrical Code, NFPA 70, where appropriate;

the National

2) Considers long-term thermal properties of polymeric insulating materials in accordance

with the Standard for Polymeric Materials — Long Term Property Evaluations, U

L 7468, and
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3) Any use limitations of the other component standard is 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 relevant component
standard may assume user expertise not common in household applications.

5.2 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.

5.3 A component that is also intended to perform other functions, such as over current protection,
ground-fault circuit-interruption, surge suppression, any other similar functions, or any combination

thereof, shal

comply additionally with the requirements of the applicable standard(s) that

over devices

that provide {

Exception: U
markings, in
applied.

54 A comp
electric shog
standard, an

hose functions.

here these other functions are not required for the application and not identif

onent not anticipated by the requirements of this standard andthat involves a p

 shall comply with 5.1(b) — (d).

fed as part of

btructions, or packaging for the appliance, the additional component.standard(s) need not be

btential risk of

Kk, fire, or personal injury, shall be additionally evaluated-in accordance with the applicable

5.5 With regard to a component being additionally evaluated,. reference to construction and performance
requirementg in another end product standard is appropriate)'where that standard anticipatds normal and
abnormal us¢ conditions consistent with the application of‘this standard.

6 General

6.1 A comgonent of a unit intended to be manually operated or adjusted by the user or thiat will require
periodic servjcing by the user, for example,‘replacement or cleaning, shall be accessible by use of ordinary
tools, or withput the use of tools. See 6:2.

6.2 Withre

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

erence to 6.1, ordinaty tools are considered to be pliers, flat-bladed and cross-rs

pcessed head

6.3 Other than as indicated in 6.4 and 6.5, a unit shall be completely assembled when shipped from the
factory.
6.4 If the emote or unit

arkings described in 61.8 are provided, a motor, a bIower-drlve package ar

factory separate from the remalnder of the un|t

ipped 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) markings in accordance with 61.8 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 39. Overflowing water also shall not

be retained w

6.9 A suita

ithin the enclosure containing electrical parts or wiring.

dripping of w3
7 Attachmg

7.1 Attachm

hlocated overflow snout or cutout in the condensate nan mav hae accentabla f
4 1 1 Y 1

ter on electrical parts.
nt Plugs, Receptacles, Connectors, and Terminals

ent plugs, receptacles, appliance couplers, appliance inlets (motor’ attachmen

appliance (flgtiron) plugs, shall comply with the requirements in the Standard for Attachme

Receptacles,

Exception: A
comply with t
not comply w

7.2 Quick-c
conductors, h
mm), intende
appliance, sh
310.

Exception: O
insertion-with
requirements

7.3 Single g
between eleq
conductors, d
Standard for
See 7.8.

UL 498.

tachment plugs and appliance couplers integral to,cord sets or power suppl
he requirements in the Standard for Cord Sets and)Power-Supply Cords, UL 8
th the Standard for Attachment Plugs and Receptacles, UL 498.

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, 4.8
] for internal wiring connections in appliances, or for the field termination of cong
all comply with the requirements inthe Standard for Electrical Quick-Connect T

ther sizes of quick-connect-terminals shall be investigated with respect to cr
drawal, temperature rise, and all tests shall be conducted in accordan
in the Standard for.Electrical Quick-Connection Terminals, UL 310.

nd multipole connectors for use in data, signal, control and power applicatior
trical equipment, and that are intended for factory assembly to copper or
r for faetory assembly to printed wiring boards, shall comply with the require
Component Connectors for Use in Data, Signal, Control and Power Applicatio

or preventing

t plugs), and
nt Plugs and

y cords shall
/7, and need

AWG copper
5.2,and 6.3
uctors to the
erminals, UL

imp pull out,
ce with the

s within and
copper alloy
ments in the
ns, UL 1977.

7.4 Wire connectors shall comply with the requirements in the Standard for Wire Connectors, UL 486A-
486B.

7.5 Splicing wire connectors shall comply with the requirements in the Standard for Splicing Wire
Connectors, UL 486C.

7.6 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with the requirements in the Standard for Equipment Wiring Terminals for Use
with Aluminum and/or Copper Conductors, UL 486E.

7.7 Terminal blocks shall comply with the requirements in the Standard for Terminal Blocks, UL 1059,
and, if used for field wiring connection they shall be rated for field wiring.
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7.8 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) adjusting the setting of temperature controls with or without marked dial settings

b) resetting the control trip mechanism,

c)op
d) adj

A factory set

8.3 The req
be performe
replacing dri

8.4 Other t
servicing, or
manual or

temperature
speed-tap te
with the requ
part likely to

8.5 Under
for service as

a)arn
for sd
when

rating manual switches, and

usting air flow dampers.
and sealed control is not considered to be adjustable.

uirements in 8.1 are not applicable to mechanical sefvice functions that are n
| with the equipment energized. Such functionsiinclude opening of drain plugs
e belts, replacing components, and the like.

nan as indicated in 8.5, an electrical component that may require examinatior
maintenance is one of the followingz;a fuse, an adjustable or resettable ove
magnetic motor controller, a magnetically operated relay, an adjustable
controller, a manual switching device, a clock timer, and an incremental voltage
rminals for a variable-speed-motor. Such a component in a low-voltage circuit
irements in 8.1 in relation t0-an uninsulated live part in a high-voltage circuit an
cause a risk of injury to.persons.

ertain conditions'some of the components referred to in 8.4 are not required to
follows:

onadjustable magnetic motor controller or a magnetically operated relay that id
rvice_while energized because it is located behind subbases and the like and
the.access panel(s) is removed;

bt intended to
, adjusting or

, adjustment,
rload relay, a
or resettable
-tap or motor-
shall comply
d to a moving

be accessible

inaccessible
is not visible

b) an

enclosed potential or current type single phase motor starting relay; and

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 effect 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,

c¢) terminals and splices with insulation, and
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d) insulated wire.
9 Enclosures
9.1 General

9.1.1 An enclosure shall be so formed and assembled that it will have the strength and rigidity necessary
to resist the abuses to which it may be subjected without total or partial collapse in shipment, installation,
and use resulting in reduction of spacings, loosening or displacement of parts, or other defects.

9.1.2 An enclosure for an individual electrical component, an outer enclosure, and a combination of the

two are to be constderedndeterminit ) uunlp:;al ree-with-the |cqu;|c|||c| 91

9.1.3 The epclosure of a unit shall be provided with means for mounting in the infended manner. Any
unique fittingg necessary for such mounting shall be shipped with the unit. Other than as’indicpted in 9.1.4,
a freestanding, floor supported unit need not be provided with mounting means. See also 9.9.2.

9.1.4 A unit|designed for installation in a mobile home shall have provisionfor securing it in place.

9.1.5 The epclosure of a unit shall not have any projections likely fo cause persons to trip when walking
near the unit after it is installed in the intended manner.

9.1.6 An oJter cabinet is to be judged with respect to, the size, shape, thickness of metal, and its
acceptability for the particular application. Sheet steel having a thickness of less than 0.020 inch (0.51
mm) if uncoated, or 0.023 inch (0.58 mm) if galvanized; or nonferrous sheet metal having g thickness of
less than 0.023 inch shall not be used except for relatively small areas or for surfaces that are curved or
otherwise reinforced.

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

a) flame resistance,
b) meg¢hanical strength,

c¢) resigtance to impact,

d) moisture absorptive properties, and

e) resistance to distortion at temperatures to which the material may be subjected under conditions
of normakorabnormal usage

For a polymeric enclosure all of these factors are considered with respect to aging. See Polymeric and
Other Nonmetallic Materials, Section 12.

9.2 Enclosure thickness

9.2.1 Sheet metal that serves as an electrical enclosure shall comply with Table 9.1 or Table 9.2,
whichever applies, except that if the:

a) location of the enclosure,

b) design and location of components, or
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c) the strength and rigidity of the frame and enclosure are adequate to comply with 9.1.1, an
enclosure thinner than specified in Table 9.1 and Table 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

Without supporting frame?

With supporting frame or equivalent
reinforcing?®

Minimum thickness in inches (mm)

Maximum width,?

Maximum length,°®

Maximum width,?

Maximum length,

Metal coated

inches (M) | inches (cm) | inches (cm) | inches  (cm) Uncoated (MSG) (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 (17.1) 8.25 (21.0) (24) (34)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026°  (0.66) }0.d29¢  (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) (32)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (30)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (39.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)
18.0 (49.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (59.8) 25.0 (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$.5) 31.0 (78.7) 35.0 (88.9) 430 (109.2) (15) (15)
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.%) 51.0 (129.5) (14) (14)
33.0 (8%.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 640 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (110.4) 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.f11 (2.82)
60.0 (192.4) 74.0 (188:0) 84.0 (213.4) 103.0 (261.6) (11) (11
63.0 (160.0) Naot limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 900 (228.6) 103.0 (261.6) 127.0 (322.6) (10) (10)
@ A supporting frame is a.stfucture of angle or channel or a folded rigid section of sheet metal which is rigidly attachgd to and has
essentially the $ame oltside dimensions as the enclosure surface and which has sufficient torsional rigidity to resisfthe bending
moments which) may be applied via the enclosure surface when it is deflected. Construction that is considered to haye equivalent

reinforcing may-be-ae eHoy-desig Bt a-struettre-w
channels. Construction considered to be without supporting frame includes:

1. single sheet with single formed flanges (formed edges),

2. a single sheet which is corrugated or ribbed, and

3. an enclosure surface loosely attached to a frame, for example, with spring clips.

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an

enclosure may have supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a continuous flange at least 1/2 inch (12.7 mm) wide.

94 Sheet steel for an enclosure intended for outdoor use shall comply with the requirements for Outdoor Use Equipment.

f angles or
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Minimum thickness of sheet metal for ellgg'li?:agl.zenclosures — aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm) AWG

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (22)
3.5 (8.9) 4.0 (10.2) 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) Not limited 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 24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (635) (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)

@ A supporting ffame is a structure of angle or channel ora folded rigid section of sheet metal which is rigidly attachegd to and has
essentially the $ame outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist|the bending
moments whict may be applied via the enclosure\surface when it is deflected. Construction that is considered to haye 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. Congtruction considered to be without supporting frame includes:

N

.Isingle sheet with single formed flanges (formed edges),
2.|a single sheet which.is corrugated or ribbed, and

3.]an enclosuresurface loosely attached to a frame, for example, with spring clips.

b The width is tHe smallerf dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfdces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels whjch‘are‘hot supported along one side, for example, side panels of boxes, the length of the unsupport¢d side shall
be limited to thd_dimensi ified U ide i jon i ided wi i ea inch (12.7 mm)
wide.

9 Sheet copper, brass, or aluminum for an enclosure intended for outdoor use shall comply with the requirements for Outdoor Use
Equipment.

9.2.2 With reference to 9.2.1(a), the surface of an enclosure that will be protected from damage, such as
by being mounted against a duct, may not be less than 0.020 inch (0.51 mm) if uncoated steel, not less
than 0.023 inch (0.58 mm) if galvanized steel, not less than 0.036 inch (0.91 mm) if aluminum, and not less
than 0.033 inch (0.84 mm) if copper or brass, unless a lesser thickness would be acceptable in
accordance with Table 9.1 and Table 9.2.

9.2.3 With reference to 9.2.1(b), the surface of an enclosure may be:

a) two gage sizes less than indicated in Table 9.1 and Table 9.2 if the electrical components are
located at least 2-1/2 inches (64 mm) from the surface, and
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b) four gage sizes less if the components are located at least 5 inches (128 mm) from the surface.

The thickness shall not be less than No. 24 MSG or GSG (steel) or 18 AWG (aluminum, copper, or brass)
unless a lesser thickness would be acceptable in accordance with Table 9.1 and Table 9.2. An example of
two gage sizes less is No. 18 MSG instead of No. 16 MSG. An example of four gage sizes less is No. 20
MSG instead of No. 16 MSG.

9.2.4 With reference to 9.2.1(c), consideration is to be given to the degree of deflection or distortion that

may affect the results contemplated by the requirements in 9.1.1.

9.3 Doors and covers

9.3.1 Except as indicated in 9.3.2 and 9.3.3, the door or cover of an enclosure shall be hinged:
a) if |it 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) if uninsulated live parts are exposed during the replacement of the fuse or regetting of the
manugally resettable device.

Such a door|or cover shall also be provided with an automatic latch or the equivalent, and, if live parts

other than th
captive screy
coverin plac

9.3.2 Ahin

e screw shell of a plug fuseholder are exposed inside the enclosure, shall be p
vV or equivalent means, requiring the use of a toal t6 open, and to reliably secu
b. See 9.3.4 and 9.3.5.

jed 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

load,

b) an

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

extractor type fuse with its own enclosure that is accessible without exposing li

than 4 fuse contact of the fuseholder.

9.3.3 Ther
9.1.2, 9.1.6 1

emovable portion of @ fused pullout switch that complies with the requirement
- 9.2.4, 9.3.7, and 9.3.8 is considered to be an acceptable cover for the fuseho

not comply w

9.34 Aspr
closed and v
latching mea

ith the requirements in 9.3.1.

ng latch;a-magnetic latch, a dimple, or other mechanical arrangement that will
ouldsrequire some effort on the user's part to open is considered to provide t
hs“for holding the door closed as required in 9.3.1.

ovided with a

e the door or

control circuit

e parts other

5 in 9.1.1 and
der and need

hold the door
he "automatic

9.3.5 A cover interlocking mechanism that:

a) must be engaged in the closed position of the cover before any uninsulated live part is
energized, and

b) will secure the cover in the closed position, if provided as the sole means for securing the door or
cover closed, is considered to comply with the requirement for an automatic latch in 9.3.1.

9.3.6 A screw with a knurled and slotted head (for securing with a screwdriver) and that can be manually

turned is not

acceptable as a required enclosure securing means.

9.3.7 A door or cover giving direct access to fuses in other than a low-voltage circuit shall shut closely
against a 1/4 inch (6.4 mm) rabbet or the equivalent, or shall have either turned flanges for the full length
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of four edges or angle strips fastened to it. Flanges and angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box no less than 1/2 inch (12.7 mm).

Exception: A construction that affords equivalent protection or a combination of flange and rabbet is
acceptable.

9.3.8 A strip used to provide a rabbet and an angle strip fastened to the edges of a door shall be
secured:

a) at no less than two points,

b) no more than 1-1/2 inches (38 mm) from each end of each strip, and

c) at ppints between these end fastenings no more than 6 inches (152 mm) apart.
9.4 Field wiring system connections

9.4.1 Sheet|metal to which a wiring system is to be connected in the field shalkhave a thickpess not less
than:

a) 0.082 inch (0.81 mm) if uncoated steel,
b) 0.084 inch (0.86 mm) if galvanized steel, and

c) 0.045 inch (1.14 mm) if nonferrous material.

9.4.2 If threqds 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 shallnot be less than three or more than five threads in the
metal. The cgnstruction of the device shall be such:that a conduit bushing can be attached.

9.4.3 If threpds for the connection of conduit are not tapped all the way through a hole in pn enclosure
wall, conduit |hub, or the like, there shall-not be less than 3-1/2 threads in the metal. Thefe 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 appr¢ximately the
same as that pf the corresponding-trade size of rigid conduit.

9.4.4 A knofkout in a sheet metal enclosure shall be capable of being removed without deformation of
the enclosure that would“affect the intended attachment of a conduit fitting.

9.4.5 A knogkaut shall remain in place when a force of 10 pounds (44 N) is applied at right pngles to the
knockout by 8*1/4 inch (6.4 mm) diameter mandrel with a flat end. The mandrel shall be gpplied at the
point most likely to cause movement of the knockout.

9.4.6 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing and
shall be so located that installation of a bushing at any knockout likely to be used during installation will not
result in spacings between uninsulated live parts and the bushing less than those specified in Table 34.1
or Table 34.2, as applicable.

9.4.7 In measuring a spacing between an uninsulated live part and a bushing installed in a knockout, it is
to be assumed that a bushing having the dimension indicated in Table 9.3 is in place, in conjunction with a
single locknut on the outside of the enclosure.
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Table 9.3
Knockout or hole sizes and dimensions of bushings

Bushing dimensions
Trade size of conduit Knockout or hole diameter Overall diameter Height
Inches mm OD Inches mm Inches mm Inches mm
1/2 21.3 7/8 222 1 25.4 3/8 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
3-1/2 101.6 4-1/8 104.8 4-7/16 127 15/16 23.8
4 114.0 4-5/8 117.5 4-31/32 126.2 1 25.4
4-1/2 127.0 5-1/8 130.2 5-35/64 140.9 1-1/16 27.0
5 141.3 5-5/8 142.9 6-7/32 158:0 1-3/16 30.2
6 168.3 6-3/4 171.5 7-7/32 183.4 1-1/4 31.8
9.5 User servicing
9.5.1 Unindulated high-voltage live parts of a unit shall be located, guarded, or enclosed sq as to reduce
the likelihood of unintentional contact by persons perférming operations such as oiling motprs, replacing
filters, or adjuisting controls. See 61.1.
9.5.2 A rubber or neoprene boot over the terminal of a motor capacitor that is accessiblge during user
servicing:
a) shIII not be less than 1/32 inch*(0.8 mm) thick,
b) shall resist thermal degradation, and
c) shall incorporate means to secure the boot in place, such as a molded lip that fits over the flange
of thel capacitor case:
9.5.3 Fan Ylades, blewer wheels, pulleys, belts, and the like, shall be enclosed or guarded|to reduce the

risk of injury

o persons. See 9.5.4 - 9.5.8.

9.5.4 The degree of protection required in 9.5.3 depends upon the general design and the intended use
of the unit. Factors to be taken into consideration in judging the acceptability of protection against contact

with moving

parts are:

a) the degree of exposure afforded by intended locations in use,

b) the sharpness of the moving parts,

c) the likelihood of unintentional contact with the moving parts,

d) the speed of movement, and

e) the 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
shearing action).
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9.5.5 An interlocking mechanism that operates to disconnect power to the drive motor when the cover or
panel is removed or opened for access to moving parts is considered to provide the protection required by
9.5.3.

9.5.6 The requirement in 9.5.3 will ordinarily necessitate that an opening in the required guard or
enclosure around a moving part comply with Table 9.4.

Table 9.4
Size of openings

Straight line distance to moving part from external plane of opening, Maximum diameter rod that will pass through
inches (mm) the opening, inches (nmm)
(50.8) or less 1/4 (6.4)
6 (152) or less (but greater than 2) 1/2 12.7)
15 (381) or less (but greater than 6) 1 25.4)

9.5.7 If the $tarting or restarting of a motor driving a moving part such as.described in 9.5.3 is provided
by an automptic cycling device such as a thermostat, thermal protector;”or the like, a gyard shall be
provided if the part is exposed when making normal operating adjustments or changing air f{lters or if the
part is accesdible without requiring the use of tools.

9.5.8 With reference to 9.5.7, the scroll of a centrifugal bloweris an acceptable guard for a bjower wheel.
9.6 Electridal 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 ventiinto 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 r¢quirement in 9.6.1 does not apply to an opening for a mounting screw or |nail or for a
manufacturing operation (such as,paint drainage) if the opening has no dimension more thgn 17/64 inch
(6.8 mm) or ah area no more thaf:0:055 square inch (35.5 mm?).

9.6.3 Other|than as noted.in 9.6.4, an opening for ventilation in an enclosure, other than in the bottom,
shall be provided with gne or more baffles to reduce the risk of emission of flame, molten metal, burning
insulation, or the like{ from the unit.

9.6.4 In a dompartment other than one that houses a motor overload relay or overcurrgnt protective
device, such as afuse or circuit breaker, the baffles mentioned in 9.6.3 may be omitted It

a) No ventilating opening in a vertical wall is more than 3/8 inch (9.5 mm) in width, or

b) The unit is so constructed that it is suitable for the purpose, as shown by an investigation,
including short-circuit tests.

9.6.5 Panelboards shall comply with the requirements in the Standard for Panelboards, UL 67.
9.7 Accessibility of uninsulated live parts, film-coated wire, and moving parts

9.7.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from
uninsulated live parts or film-coated wire, or injury to persons from a moving part, an opening in the outer
enclosure shall comply with either (a) or (b):
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a) For an opening that has a minor dimension (see 9.7.5) less than 1 inch (25.4 mm), such a part or
wire shall not be contacted by the probe illustrated in Figure 9.1.

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced
from the opening as specified in Table 9.5.

Exception: A motor need not comply with these requirements if it complies with the requirements in 9.7.2.
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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)°
3/4° (19.1) 4-1/2 (114.0)
1° (25.4) 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-Z/8 (47.8) 15.4/2 (394.0)
211/8 (54.0) 17-1/2 (444.0)
o 30 (762.0)

2See 9.7.5.
b Between 3/4

¢ Any dimensid
4 More than 2-

hnd 2-1/8 inches, interpolation is to be used to determine a value between values specified in the tah
n less than 1 inch applies to a motor only.
/8 inches, but not more than 6 inches (152.0 mm).

e.

9.7.2 With
mentioned in

a) An

b) An
spacs

respect to a part or wire as mentioned in 9.7.1, indan integral enclosure g
the exception t0 9.7.1:

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

opening that has-a minor dimension of 3/4 inch or more is acceptable if a g
d 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

art or wire is
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Figure 9.

2

Probe for moving parts and uninsulated live parts
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Probe for film-coated wire

Figure 9.3
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9.7.3 The probes mentioned in 9.7.1 and 9.7.2 and illustrated in Figure 9.1 — Figure 9.4 are to be applied
to any depth that the opening will permit; and are to be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 9.1 and Figure 9.4 are to be applied in any possible configuration; and, if necessary, the
configuration is to be changed after insertion through the opening.

9.7.4 The probes mentioned 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-opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be insérted| through the
opening.
9.7.6 With reference to the requirements in 9.7.2, an indirectly accessible motoris a motor:
a) thal is accessible only by opening or removing a part of the outerenclosure, such as a guard or
panel,[that can be opened or removed without using a tool, or
b) that is located at such a height or is otherwise guarded-or enclosed so that it is ynlikely to be
contagted.

A directly acdq

essible motor is a motor that can be contacted.without opening or removing an|

is located so a@s to be accessible to contact.

9.7.7 During
9.7.10r9.7.2
using a tool

opened or ref

9.7.8 With
additionally e

9.8 Bottom
9.8.1 Anen

from falling o
9.6.4, and 9.9

the examination of a product to determine whether it complies with the reg
an air filter and a part of the enclosure that may be opened or removed by the]
to attach an accessory, to make an operating adjustment, or for other reas
noved.

bference to the requireménts in 9.7.1 and 9.7.2, insulated brush caps are not r
nclosed.

closure

Closureshall reduce the risk of molten metal, burning insulation, flaming particle
nto flammable materials, including the surface upon which a unit is supporte
.2-9.8.8.

y part or that

uirements in
user without
bns) is to be

bquired to be

s, or the like,
1. See 9.6.3,

9.8.2 All intended mounting positions of a unit are to be considered in determining if the unit complies
with the requirements in 9.8.1.

9.8.3 An acceptable bottom closure is considered to be provided if the bottom opening is always
intended to be connected to a fresh air discharge duct or an indoor intake air duct and:

a) the

unit includes space-heating means (electric, hot water, or steam), or

b) the unit is intended only for nonresidential applications and a marking as specified in 60.13 is
provided.

9.84 Anair

filter is not acceptable as part of the bottom closure or as a barrier.
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9.8.5 Other than as indicated in 9.8.3, the requirement in 9.8.1 will necessitate that a nonflammable
bottom closure with no openings be provided for a unit or a compartment thereof that contains:

9.8.6
if:

9.8.7 The requirement in 9.8.1 will necessitate the use of a barrier of metal or a material

a) Opening wiring (that is, wiring that is not separately and immediately enclosed in conduit, metal

clad

cable, metal raceway, or the like); or

b) An electrical component (other than a motor) that is not individually and completely enclosed,
other than terminals.

Exception: This requirement does not apply if it can be shown that failure of the component would
not result in a risk of fire.

With

a)Th

b) If ju

accordance
Appliances,

9.8.8

a) Th

such

b) An

£ 4+ O Q L (o) I 1 4 lo <l 4l HPH H tolol |
CITITIIVT U \JU\J\G}, a ulidarirret Ul LIUquI uriucth uiIc VVIIlllH 19 dLLTPULAUIT do ad Y

b wires do not project through the plane of the top of the trough or channel;and

dged as film-coated wire, the wiring would be acceptable in accordance with 9.7

with the Standard for Tests for Flammability of Plastic Materials for Parts in
UL 94, under an open type motor unless:

b structural parts of the motor or unit, such as thédbottom closure, provide the
b barrier;

overload protective device provided with a-motor is such that no burning insula

ttom closure

.1 and 9.7.2.

classed 5V in
Devices and

equivalent of

ion or molten

matefial falls to the surface that supports the, unit when the motor is energized undgr each of the

follow

c) Th
temp%rature and current) that will prevent the temperature of the motor windings frq

125°

prote¢torto cycle, and from exceeding 150°C (302°F) with the rotor of the motor locke

ing fault conditions applicable to the motor:
1) Open main winding,
2) Open starting winding;
3) Starting switch short-circuited,

4) Capacitor of\a jpermanent-split-capacitor motor short-circuited, while the rq
or

e motor-is{provided with a thermal motor protector (a protective device that i

(257°F) under the maximum load under which the motor will run withou

tor is locked;

5 sensitive to
m exceeding
causing the
d.

The barrier specified in 9.8.7 shall:

a) be horizontal,

b) be located as indicated in Figure 9.5, and

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

Openings for drainage, ventilation, and the like, may be employed in the barrier, provided that such
openings would 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 degrees from the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is 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 and
be integral, g
upper surfac

Exception: T
3/4 inch (19.

9.9.2 The U
and need no

9.9.3 The
projections. 4

994
locations (bg
opening requ

9.9.5 Ther
a) ren
b) an
duct.
10 Protect

10.1  Other
enameling, d
would be like

e of the supporting structure.

he distance for spacers in a unit intended for use only in a mobile homesshall ng
| mm).

nit mounting base specified in 9.9.1 may be furnished as a_separate membe
be shipped with the unit if not needed for every intended installation.

surface of the unit mounting base in contact with.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, complete enclosure shall be provided
ired at a position where the duct may_ be attached.

pquirement in 9.9.4 will necessitaté provision of either:
novable panels that can be:moved to obtain the opening at the desired location g

area with completeenclosure 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
ly.t0 Cause a risk of fire, electric shock, or injury to persons.

rances shall

the unit, plenum, and attached duct, spacers necessary {o provide required Qlﬁa
ttached to the unit mounting base, and shall extend not less than 3 inches (76)mpm) below the

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 gny of several

except for an

=

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 requirement in 10.1 does 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 Bonding for Grounding, Section 16.

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 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 prowded to securely position insulating matenal to comply W|th the requirement in 11.1

shall retain i
under the pe
or minus 28.9

11.4 Thefla
a duct syster
accordance W
Alternately, th
0.5 or less arn
kW or less w
Discrete Prod

Exception: TH

a) An
insula
types

b) Gaj

c) Mis
a clan
inched

d) An
the re

e) Heg
requirs
the St

ormance requirements of this standard and at minus 17.8°C (0°F) for indoor us
°C (minus 20°F) for outdoor use equipment.

me 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

e material shall be evaluated and determined to have a peak hormalized opti
d an average normalized optical density of 0.15 or less and a peak heat releas
hen tested in accordance with UL 2043, Fire Test forHeat and Visible Smoke
ucts and Their Accessories Installed in Air-HandlingSpaces.

is requirement does not apply to the followings

air filter that meets the test requirement§in UL 900, Air Filter Units, drive b
ion, paint as applied for corrosion protection, and tubing of material equivalent
Of wire insulation permitted by this standard.

kets forming an air or water seal\between metal parts.

Cellaneous small parts suchas an insulating bushing, a resilient or vibration mo(
p, a label, and a drain‘line fitting with an exposed surface area not exceedir
(0.016 m?).

yuirement.

at transfer media, polymeric materials, or other nonmetallic materials th
bmentssin 12.3.1 or have a flame-spread index not over 200 when tested in acg
andard for Test for Surface Burning Characteristics of Building Materials, UL

ndhesive that, when tested in combination with the specific insulating material, ¢

1nit is tested
e equipment

htion through
nen tested in

ith the Standard for Test for Surface Burning Characteristics.of Building Matetjials, UL 723.

al density of
e rate of 100
Release for

elt, electrical
to one of the

nt, a wire tie,

g 25 square

omplies with

at meet the
ordance with
723 in a unit
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f) Heat transfer media that complies with the requirements for air filters in the Standard for Air Filter
Units, UL 900. When the Flame-Exposure Test is conducted, only two samples of the media are
required to be tested.

g) Polymeric materials in such quantities that their total exposed surface area within the
compartment does not exceed 0.93 m? (10 f2) in accordance with the requirements of 11.5.

11.5 Polymeric materials exempted by ltem (g) of 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 the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94.
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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.

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 45.

12.1.2 These requirements apply to a unit intended for indoor use only, having a maximum normal

operating te |}JC|atU||c orthe-materiat-thatdoesnotexceed466°€ (2120:_) SeeNormat-ten perature test,

Section 38.

12.1.3 Thelacceptability of polymeric material for use in a unit shall be determined for eagh application.
See Table 14.1 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?

Source offignition

External Yes Yes Yes®

Internal Yes Yes Yes Yes
Heat deflection] Yes Yes YesP
Water absorptipn Yes Yes®
Environmentallexposure Yes Yes
Air oven aging Yes Yes
Tensile and flekural strength Yes Yes
I1zod or tensile mpact strength Yes Yes
Impact Yes Yes
Volume resistiyity Yes? Yes® Yes? Yes®

@ A material halving a'flame-spread rating of no more than 25 when tested in accordance with the Standard for Test for Surface
Burning Chararteristics of Building Materials, UL 723, is acceptable from a flammability standpoint.

® When applicable see22.2.8

¢ When applicable.

4 When applicable, 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
the Volume resistivity test, 45.11.1 and 45.11.2.

12.1.5 Consideration shall be given to the possibility of external ignition of a nonmetallic outer enclosure
and of a structural part.
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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 the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.

12.2.2 Metallized or painted polymeric parts or enclosures shall comply with the applicable requirements
in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: The 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 Materipl classification
12.3.1 A polymeric material or other nonmetallic material used in a unit, shall have| flammability
classification pf 5V, V-0, V-1, V-2, HF-1, HF-2, HBF, or HB as indicated in Table!M2:2.
Table 12.2
Acceptable uses of materials based on flammability classifications
Degree of exposure to ignition Type of material
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 isplated as shown in No No° No?° Yes? Yes Yes

Figure 12.1

Exposed No Nobe Nobe Nob¢ Nob® Yes

NOTE - The flgmmability classifications are in accordance with the Standard for Tests for Flammability of Plastic M3terials for

Parts in Devicep and Appliances, UL 94.

2 May not be used in space A illustrated in Figure{2.1 if there are openings in the enclosure bottom in that space.

b Vertically oriemted material, when laminated between two metal surfaces each no less than 0.010-inch (0.25 mm) thick, may

have an exposgd vertical surface no mare\than 3/8-inch (9.5-mm) wide.

¢ 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 withip the unit are
considered tqQ be) wiring in a high-voltage circuit, and any other electrical component such|as a switch,

relay, transformer, or motor winding not completely enclosed in:

a) metal not less than 0.010 inch (0.25 mm) thick, or

b) 5V polymeric material.

Exception: Wiring need not be isolated as indicated in 12.5.1 — 12.5.4 if it complies with the VW-1 flame
test or the vertical flame test described in the Reference Standard for Electrical Wires, Cables, and
Flexible Cords, UL 1581.
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Figure 12.1

Exposure to ignition source

30 O/-VI‘\ 300

\\ ! Polymeric /
\ Space Material /
\ B
\ X
\
\
\
\
Minimmum Distance \
Between Ignition \
Source and Material 27
as Measured Around  \ =/

S \ /
End [of Barrier = \ /  Polymeric ~~
X 4+[Y = 4 inches \ /
(104 mm). ]
Ignition I \
Source | ‘
|
Barrier _ | \
7\\ \
I \ Minimum Straight —
| ‘ Line Distance of
,0 ‘ 4 inches (102 mm)
o . Snccg_;\—BﬁMﬁn_lgniﬁan
&U"z’"fc;"’ I‘\VA \ Source and Material,
ateria | ‘ except that this
| distance may be no
less than 2 inches
(51 mm) if the only
50 | 50 ignition source is
wiring.
EB151

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

Space B. Represents the volume above the ignition source determined in the same manner as Space A, except that the angle is 30
degrees from the vertical.
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12.5 Material applications

12.51

Mater

ial 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 pla

ce.

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 inch
between igni
openings in a

12.5.4 With
openings that
to be given to

13 Power §

13.1 Perma

13.1.1 Ana
it may be per
appliance in @

13.1.2 In a
requirements

a) Sta
b) Sta

c) Sta

45 cm?) if 2 barrier of metal or 5\ nolvmeric material is secured-in place an
7 oty g

ion sources and combustible material. In any case, the maximum aggregat
hy one surface shall not exceed 1.0 square inch.

reference to 12.5.3, wiring in the control compartment is to beirodted aw
expose the wire to combustible materials. In judging the need for @ barrier, co
grouped openings that have an aggregated area exceeding 0:25 square inch (1

upply Connections
nently connected appliances

bpliance intended for permanent connection to\the power supply shall be constr
manently connected electrically to one of the‘wiring systems that would be acce
ccordance with the National Electrical Code, ANSI/NFPA 70.

ddition to the requirements speecified in this standard conduit shall com
in the:

hdard for Flexible Metal Conduit, UL 1;
hdard for Liquid-Tight.Flexible Steel Conduit, UL 360;

ndard for Electrical-Rigid Metal Conduit — Steel, UL 6; or

d) St

condujt, schedule 40 and 80 PVC.

13.1.3

In additien’to the requirements specified in this standard fittings for conduit and outlg

ndard for,Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings

=)
-

d interposed
area of all

ay from any
nsideration is
61 cm?).

ucted so that
btable for the

ply with the

UL 651, for

t boxes shall

comply with thefegtirementsinthe:

a) Standard for Conduit, Tubing and Cable Fittings, UL 514B;

b) Stan

dard for Metallic Outlet Boxes, UL 514A; or

c) Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, 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 the Standard for Electrical Metallic Tubing — Steel, 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?) 2 3 4 5 6
14 (2.1) 12 12 12 12 12
12 (3.3) 12 12 112 3/4 3/4
10 (5.3) 1/2 1/2 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 (212) 1 1 1-1/4 1-1/4 1-1/2
3 (26.7) 1 1-1/4 1-1/4 1-1/2 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
MCM
250 (127) 2 2-1/2 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 is|based on the assumption that'all/conductors will be of the same size and there will be no more than gix conductors
in the conduit. Jf more than six conductors will be involved or if all of them are not of the same size, the internal cross-sectional
area of the smallest conduit that may be-used is determined by multiplying by 2.5 the total cross-sectional area of the wires, based
on the cross-sgctional area of Type THW wire.
2. Trade size per Standard for Electrical Rigid Steel Conduit, ANSI 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)properly mounted when the unit is installed.

13.1.7 A bushing of rubber or rubber-like material provided in accordance with 13.1.6 shall be 1/8 inch
(3.2 mm) or more 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
51 mm), 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, ANSI/NFPA 70, shall be included unless:
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a) The total length of flexible metal conduit of any ground return path in the product does not
exceed 6 feet (1.82 m);

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

and

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

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

13.1.9 With
attachment t
permanent el

Exception: A
provided with

a)ls a
b) Has
c)ls T
d) Is p
e) Co

13.1.10 A te

reference to the requirement specified In 13.1.1, an appliance intended {0
b a building structure or a duct-connected appliance shall be provided wit
ectrical connection to the power supply.

0 appliance need not be provided with a means for permanent electrical conr
a power-supply cord that:

[ least 18 inches (0.5 m) and not more than 6 feet (1.83 m) lohg,
three conductors, one being an equipment-grounding.e¢onductor,

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

ermanently attached to the appliance, and

nplies with the requirements in 13.3.1.2and 13.3.2.1 - 13.3.2.5.

rminal 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
requirement i

13.1.12 The
will not be rer]

13.1.13 An
area of the re

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

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 accordance with 61.7.

r permanent
n means for

ection if it is

e shall be so
bly with the
ing.

ocated that it

narked in the

13.1.14 A wiring compartment secured direcily to the enclosure of the unit and intended for connection of
a supply raceway shall be so attached to the unit as to be prevented from turning with respect thereto.

13.1.15 Adequate space shall be provided in the field-wiring outlet box or compartment for installation of
the conductors of the number and size required by 13.2.1 and 13.2.3, using Type TW or THW wire with at
least a 6 inch (152 mm) length of each conductor brought into the wiring compartment. If necessary, 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,
with a grounding conductor, shall comply with the requirements in the Standard for Nonmetallic-Sheathed
Cables, UL 719.
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13.2 Leads and terminals

13.2.1 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 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 61.14.

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.

or leads for
'minal or lead

13.2.3 A upit or remote control assembly shall be provided with field-wiring terminals
connection tg the field installed conductors. Other than as indicated in 13.2.7, each such te

shall be accgptable for connection of a conductor having an ampacity, in accordance with
Electrical Code, ANSI/NFPA 70, not less than 125 percent of the rated current atithat termin
single condyctor larger than 500 MCM (253 mm?) would be required, the unit shall have
connection of conductors in parallel.

13.2.4 If a pnit or remote control assembly is marked to indicate €hat it is acceptable for u
copper, copper-clad aluminum, or aluminum power-supply conddetors, a field-wiring termina
with the requjrement in 13.2.3 for a wire of each metal.

13.2.5 A figld-wiring terminal shall be provided with a_pressure terminal connector secure

the National
bl or lead. If a
provision for

se with either
shall comply

y fastened in

place, for example, firmly bolted or held by a screw.

intended to
re provided to

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

Exception N
accommoda
hold the wire
Exception N¢. 2: A soldering lug may-be used in place of a pressure terminal connector fon a field-wiring
terminal intepded for connection of.other than an equipment-grounding conductor.

ns other than
shoulders or
part; or by an

13.2.6 A fig
friction betw:
mortises; by
equivalent m

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-pifT; lug, or offset; by a connecting strap or clip fitted into an adjacent
ethod.

13.2.7 With reference to 13.2.3, a terminal for field connection of a control circuit conductor]is acceptable
if it is acceptable for the connection of 14 AWG (2.1 mm?) copper conductor, except that such a terminal in
a low-voltage circuit as defined in 3.16, is acceptable if it is acceptable for connection of a 16 AWG (1.3
mm?) or 18 AWG (0.82 mm?) copper conductor. With reference to 13.2.8, a lead for field connection of a
control circuit conductor may be 16 or 18 AWG copper.

13.2.8 Other than as indicated in 13.2.11, a lead for connection of field wiring other than for connection of
an NEC Class 2 low-voltage circuit shall not be more than two standard wire 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
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b) the leads are insulated at the unconnected ends and a marking on the unit clearly indicates the
use of these leads.

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 Spacings — General, Section 34.

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
unit o
will be

b) A m
splice
inspeq

c) The

13.2.12 Ind
multiple pow
raceway, the
applied.

13.2.13 Oth
compartment
circuit.

13.2.14 Thd
result in a risk

13.2.15 A v
diameter).

Exception Ng
connection of

wire connector for the splice connection to the field-provided wire is provided
remote control assembly, and the wire connector is suitable for the combination
spliced.

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 during in
tion. See 61.17.

factory-provided leads are grouped in a manner to preventstress on an individu

etermining the size of the power-supply conductorS in”equipment intended for
br supplies and in which it is likely that moresthan six conductors will occu
additional ampacity deratings given in the National Electrical Code, ANSI/NFPA

er than as noted in 13.2.14, the, free length of a lead inside an outlet b
shall be 6 inches (152 mm) or more, if the lead is intended for field connection t

lead may be less than 6'inches (152 mm) in length if it is evident that a long
of fire or electric shock.

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

. 1: AcNo. 8 (4.2 mm diameter) screw may be used at a terminal intended
a 14AWG (2.1 mm®) conductor.
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of wires that
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stallation and
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onnection to
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70, shall be

0X Or wiring
b an external
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10 (4.8 mm

only for the

Lok

#6 or 18 AWG

Exception N
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(1.3 or 0.82 mm?) control circuit conductor.

13.2.16 A terminal plate tapped for a wire binding screw shall be of metal not less than 0.050 inch (1.27

mm) thick. Th

ere 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.
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13.2.19 A wire binding screw shall thread into metal.

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 are connected
no switches or overcurrent protective devices of the single-pole type, other than automatic controls without

a marked off

13.2.21
color and no

13.2.22 Af

position.

A lead provided for connection of a grounded conductor shall be finished to show a white or gray

other leads, other than grounded conductors, shall be so identified. See 13.2.23.

a metallic pl
terminals, or
clearly show

13.2.23 Th
that is visibl
requirements
2 wiring and

13.2.24 It s
mm?) is the

hted coatlng substantially white in color and shall be readily distinguishablé |f
proper identification of the terminal for the connection of the grounded(cond
N in some other manner, such as on an attached wiring diagram.

b requirements in 13.2.21 and 16.11 relating to color coding of ajlead apply to i
b in a wiring compartment in the area in which field connections are 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 circuitfield-wiring connectior

hould be noted that according to the National Elegtrical Code, ANSI/NFPA 70,
smallest conductor that may be used for branch circuit wiring, and thus is

conductor that may be anticipated at a terminal for the connection of a power-supply wire.

13.3 Cord-

13.3.1 Cor

13.3.1.1 In
requirements

a) St3
b) Stg

13.3.1.2 Th
from the face

13.3.1.3 TH

connected appliances
s and plugs

addition to the requirements-specified in this standard cords and plugs shall co
in the:

ndard for Cord Sets ‘and Power-Supply Cords, UL 817; or

ndard for Flexible ‘Cords and Cables, UL 62.

e length_6f-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.

ald \Allrlnn terminal for the connection of a grou nded conductaor shall be identified by means of

om the other
ictor shall be

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

14 AWG (2.1
the smallest

mply with the

m) measured

eater than 36

e'supply cord of a heat recovery ventilator intended for use with a power cord g

inches (0.9 m) to less than or equal to 72 inches (1.83 m) shall be marked in accordance with 60.20.

13.3.1.4 A flexible 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.
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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 55.1.

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 complies with the requirements specified in

55.4.

13.3.24 Me
enclosure thr
or to exposur
suchastoar

13.3.25 Ifg
be free from

13.3.3 Bushings

ans shall be provided to prevent the flexible cord from being pushed (into t

e to a temperature higher than that for which the cord is suitable, ormight reddy
hetal strain-relief clamp, below the minimum acceptable values.

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

he appliance

bugh the cord-entry hole if such displacement might subject the cord to mechanical damage

ce spacings,

y touch shall

13.3.3.1 A hushing or the equivalent shall be provided at a\point where a flexible cord passés through an
opening in a all, barrier, or enclosing case. The bushing<shall be substantial, secured in place, and shall
have a smoath, well-rounded surface against which,the cord may bear. An insulating bushing shall be
provided if:

a) thelcord is Type S, SJ, SJO, SJT, SQ@,SP-3, SPT-3, ST, SP-1, or heavier cord,

b) the jwall or barrier is of metal, and

c¢) the construction is such that the cord may be subjected to stress or motion.
Exception: For a cord hole i wood, porcelain, phenolic composition, or other acceptable npnconductive
material, a smoothly rounded surface is considered to be the equivalent of a bushing.
13.3.3.2 Cefamic materials and some molded compositions are acceptable for insulating bughings.

13.3.3.3 Vu

canized fiber may be employed if the bushing is not less than 3/64 inch (1.2 mm

) thick, and if

formed and secured in place so that it will not be damaged by conditions of ordinary moisture.

13.3.3.4 A separate soft-rubber, neoprene, or polyvinyl chloride bushing may be employed in a fan or in
the frame of a motor if the bushing is:

a) Not

less than 3/64 inch (1.2 mm) thick.

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.
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13.3.3.6 If a bushing of a material specified in 13.3.3.4 is used, the hole in which the bushing is mounted
shall be smooth and free from sharp edges.

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.

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 Powe

13.4.1 A Class 2 power supply shall comply with the requirements in the:
a) Stgndard for Class 2 Power Units, UL 1310;

b) Standard for Information Technology Equipment Safety — Part 1: General Reqdirements, UL
60950-1, with an output marked "Class 2", or

c¢) Standard for Information Technology Equipment Safety — Rart 1: General Reqlirements, UL
60950-1, with an output that complies with the limited power source (LPS) requirdments and is
marked "LPS".

13.4.2 A ngn-Class 2 power supply shall comply with the requirements in the:
a) Stgndard for Power Units Other Than Class 2;' UL 1012; or

b) Standard for Information Technology \Equipment Safety — Part 1: General Requirements, UL
6095(-1.

14 Internal Wiring
141 Geneial

14.1.1 The|requirements_in-this section apply to all internal wiring except that which is located in a low-
voltage nonspfety circuit:

14.1.2 For fthe purpose of these requirements, the internal wiring of a unit is considered to be all the
interconnecting wiring beyond the wiring terminals or leads for field-wiring connections, even|though some
of it:

a) may not be completely enclosed, or

b) may be in the form of flexible cord or equivalent appliance wiring material.

14.1.3 No temperature limit is applicable to a conductor (except as noted in Subitem 7 of ltem B of Table
38.1) provided with beads of noncarbonizable material or the equivalent.

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, or 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
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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:

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 Build
Types RH, R
and MTW.

14.1.8 Fixtu
RFH-2, SF-2
and TFFN.

14.1.9 In ag
with the requi

a) Sta
b) Sta

c) Sta

14.1.10 Fle
SJO, SJT, SJ

14.1.11 Apqd
for18 =10 A
thick for 6 — 2

14.1.12  Apq
equivalent to
4/64 inch (1.6
mm?) is acce

ing wires acceptable for internal wiring include thermoset-insulated condue
1H, and RHW; thermoplastic-insulated conductors such as Types TW, THHN, 1

re wires acceptable for internal wiring include thermoset-insulated\conductors s
SFF-2, and FFH-2; and thermoplastic insulated conductors.such as Types T

dition to the requirements specified in this standard;~building and fixture wire
fements in the Standard for:

hdard for Thermoset-Insulated Wires and Cables, UL 44;
hdard for Thermoplastic-Insulated Wires and Cables, UL 83; or

hdard for Machine-Tool Wires and Cables, UL 1063.

ible cords acceptable for internal wiring include Types HPN, HS, HSJ, HSJO,
TO, SO, ST, STO, SP-2, SR3,'SPT-2, and SPT-3.

liance wiring material having thermoplastic insulation not less than 2/64 inch ((
VG (0.82 — 5.3 mm%), 3/64 inch (1.2 mm) thick for 8 AWG (8.4 mm?), and 4/64 i
AWG (13.3 — 33.6-mm?) is acceptable for internal wiring.

liance wifing material having rubber, neoprene, or thermoplastic insulation w
the jacket of Types SJ, SJO, SJTO, or SJT cord, with an insulation thickness
mm)for 18 — 16 AWG (0.82 — 1.3 mm?) and 5/64 inch (1.9 mm) for 14 — 10 AV
ptable for internal wiring where permitted by 14.1.21.

ors such as
'HW, THWN,

ich as Types
F, TFF, TFN,

shall comply

HSO, S, SJ,

.8 mm) thick
hch (1.6 mm)

th properties
not less than
VG (2.1 -5.3

14.1.13 Wiring that may be subject to moisture, such as condensation, shall be of a type that is rated for
use in moist locations.

14.1.14

If wiring is located so that it may be in proximity to combustible material, it shall be metal clad

cable, or shall be enclosed in conduit, electrical metallic tubing, metal raceway, or equivalent. See 14.1.15.

14.1.15 With reference to 14.1.14, wiring that is adjacent to an opening in an enclosure that, after
installation of the unit, will abut a building structure, 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.
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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 requirement 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 need not be so enclosed.

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 Th
bypass air is

openings in the compartment, and returned within the unit. The total area of openings for byp

surface of a

14.1.20 Other than as noted in 14.1.21, lengths not exceeding 4 inches (102 mm) of uner

of the types 1
unit cabinet &

14.1.21
conductor a
protected as

14.1.22 Un
employed wi

a) the
b) the

c) no
cabin

14.1.23 Af
the cord is Ty

14.2 Methd

Types SJO, SJT, SITO, SO, ST, STO, or SPT-3 flexible cords or equivalent sing

b requirement in 14.1.18 does not apply to wiring in a control compartment t
circulated; that is, a portion of the total air that is taken from within the' unit, pe

ontrol compartment shall not exceed 10 percent of the total area ofthat surface

pecified in 14.1.7, 14.1.8, and 14.1.11, or equivalent, may-be employed if enclo
nd supported to prevent damage from air movement.

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

enclosed wiring of the types described’in 14.1.11, without limitation on the le
hin the unit cabinet, if:

unit cabinet has no openings other than duct openings,
wiring is secured and supported to prevent damage from air movement, and

combustible material other than electrical insulation or an air filter is located \
bt unless the wiring)complies with the exception to 12.4.1.

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

ds

nrough which
sses through
ass air in any

closed wiring
sed within the

le or multiple
employed if

ngth, may be

vithin the unit

br servicing, if

14.2.1

Strain relief intended to prevent mechanical stress from being transmitted to terminals, splices,

and the like, shall be provided on wiring that is likely to be moved during installation and user servicing.

14.2.2 Wires within an enclosure, compartment, raceway, or the like shall be so disposed or protected
that no damage to conductor insulation can result from contact with any rough, sharp, or moving part or
from air movement.

14.2.3 A hole by which insulated wires pass through a sheet-metal wall within the overall enclosure shall
be provided with a smoothly rounded bushing or shall have smooth, rounded surfaces upon which the
wires may bear, to prevent abrasion of the insulation.

14.2.4 Insulated wires may be bunched and passed through a single opening in a metal wall within the
enclosure.
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14.2.5 |If relative motion between asbestos-insulated wire and the metal surrounding the opening through
which the wire passes is likely because of expansion and contraction of the metal resulting from changes
in temperature, the opening shall be fitted with an insulating bushing or the equivalent.

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

14.2.7 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.

14.2.8 A splice shall be provided with insulation equivalent to that of the wires involved if spacing

between the

14.2.9 Insul
one layer of
determining i
consideration
characteristic

14.2.10 Log
from contacti
contacting de
lugs, crimped

14.2.11 Oth
overcurrent-p
wired for cor
tested in accd

14.2.12 Wit

a) Th
condu
from t
emplo

b) The
more
rated
and a(

nlice-and other metal narts can he unintentionalls reduced
g 1 Y

rubber tape, is acceptable on a splice if the voltage involved is lessithan
F splice insulation consisting of coated fabric, thermoplastic, or other tubing is
is given to such factors as its dielectric properties, and heat resistant and mois
5. Thermoplastic tape wrapped over a sharp edge is not acceptable.

se strands of stranded internal wiring connected to a wire binding screw shall
hg uninsulated live parts that are not always of the\§ame polarity as the w
ad metal parts. This may be accomplished by use of pressure terminal connectq
eyelets, soldering all strands of the wire together;.or other equivalent means.

br than as indicated in 14.2.12, conductors.‘of motor circuits having two or mor|
rotected motors or one or more such motors in combination with an electric resis
nection to one supply line shall withstand short-circuit and ground-fault con
rdance with the Short-Circuit Tests,\Séction 46.

n reference to 14.2.11, condugctors are considered acceptable without test if:

aY

C

conductors have an ‘ampacity of not less than one-third the ampacity o
ctors as determined in accordance with 13.2.1 and 13.2.3. Ampacities are to b
ne ampacity tables-inthe National Electrical Code, ANSI/NFPA 70, for the type o
yed, or for the wireor cord equivalent to appliance wiring material;

conductors ifcluding those enclosed in raceways, are 18 AWG (0.82 mm?) or |3
han 4 feet*(1.22 m) long, and the circuit will be protected by a fuse or circuit b

ation consisting of two layers of thermoplastic tape, or of one layer of frigtion tape on top of

P50 volts. In
acceptable,
fure resistant

be prevented
re and from
rs, soldering

e thermal- or
tance heater
ditions when

f the supply
e determined
f wire or cord

rger, and not
reaker that is

50 amperes or less as specified on the unit nameplate or that is provided as part of the unit

ceptable for branch-circuit protection;

c) The conductor is a jumper lead between controls and is not longer than 3 inches (76 mm),
unless the conductor is located in a control panel; or

d) The conductor is connected between two fixed impedances that reduce the risk of a high vault
current within the conductor (examples of two such impedances are a motor-running capacitor and

a start

winding of a permanent-split-capacitor motor).

15 Separation of Circuits

15.1
shall be:

a) provided with insulation rated for the highest voltage involved, or

Conductors of different circuits in internal wiring, including insulated wires in a wiring compartment,
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b) separated by a barrier or otherwise segregated from an uninsulated live part connected to a
different circuit.

15.2 With reference to the requirement in 15.1, low-voltage and high-voltage circuits, for example, are
considered to be different circuits.

15.3 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.

15.4 Other than as noted in 15.6 and 15.7, barriers shall be provided to separate conductors that will be
field installed, from:

a) Co
b) Co
c)Un

d) Un
fire, e

Exception N
insulated for

Exception N
will have a v(

15.5 With n

conductors npay be employed, if:

a) ins|

hductors of any other circuit that will be field installed;
hductors of any other circuit that are factory installed;
nsulated live parts of any other circuit; and

nsulated live parts of the same circuit, if short-circuiting of thelive parts may res
ectric shock, or injury to persons.

b. 1: The barriers required in 15.4(a) and (b) may be.émitted if the conductors
fhe maximum voltage of either circuit.

. 2: The barriers required in 15.4(c) and (d) ‘may be omitted if the field installe
ltage rating not less than the potential on-the-uninsulated live part.

espect to 15.4(a) and (b), a removable barrier or one having openings for th

ructions for the use of the barfier are given in a permanent manner on the unit, 4

b) us

provided for field-wiring connections).

Exception:

complete ingtructions, in.cenjunction with a wiring diagram, will provide for the acceptable
the high-voltage and low-=voltage circuits.

15.6 Segrepation of field installed conductors from other field installed conductors and fro

of the barrier does not require any manipulation of factory-installed leads (otheg

removable bafrier or one having openings for the passage of conductors may

ult in a risk of

involved are

bd conductors

e passage of

nd

r than pigtails

be omitted if
separation of

uninsulated

live parts of fhe_unit connected to different circuits may be accomplished by arranging the Ipcation of the

openings in the enclosure for the various conductors, with respect to the terminals or other uninsulated live
parts, so that there is no likelihood of the intermingling of the conductors or parts of different circuits.

a) If the number of openings in the enclosure does not exceed the minimum required for the proper
wiring of the unit and if each such opening is located opposite a set of terminals, it is to be
assumed, for the purpose of determining compliance with 15.4, that the conductors entering an

openi

ng will be connected to the terminals opposite that opening.

b) If more than the minimum number of openings are provided, there shall be no likelihood of a
conductor that enters at a point other than opposite the terminals to which it is intended to be
connected, contacting insulated conductors or uninsulated live parts connected to a different
circuit.
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c) To determine if a unit complies with the requirement in 15.4, it is to be wired as it would be in
service. In so doing, slack is to be left in each conductor within the enclosure, and this slack is to be
stowed in the wiring compartment.

15.7 Unclosed openings in a barrier for the passage of conductors shall not be larger 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.

15.8 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

alvanized steel, and 0.023 inch (0.58 mm) if nonferrous metal. A barrier of insul

ting material

shall be no Ig
be of greater

15.9 The o
interconnecte
unless the vo|
exceed the lin

15.10 Two ¢

as a part of the equipment shall be treated as separate circuits tinlgss the devices are interq

permitted in 1
by barriers in
warn that the

16 Bonding

16.1 Electri
parts within t
become ener

a) The
bushirn
electri

b) The
applia

16.2 In addi

ss than 1/32 inch (0.8 mm) in nominal thickness [minimum 0.028 inch (0.71(m
hickness if its deformation may be readily accomplished so as to defeat its-purp

itput of a transformer device supplying a NEC Class 2 low-voltage’ circuit
d with the output of another such transformer device provided, ‘as part of th
tage and current measurements at the output terminals of the.interconnected d
hits for a single Class 2, 30-volt or less, transformer device.

r more transformer devices supplying circuits classified' as low-voltage circuits

5.9. If more than one such circuit is to be field wired, the several circuits shall
accordance with 15.4, and the field wiring connegtion point of each circuit shall
separation shall be maintained.

for Grounding

tal continuity shall be provided. between all exposed dead metal parts and al
ne enclosure that are exposed to contact during any user-servicing operation
jized and:

equipment-grounding terminal or lead, and to the metal surrounding the knoc
g provided for field* power-supply connection for an appliance intended fo
cal connection;or;

point of eennection of the equipment-grounding conductor of the power-suppl
hce equipped with a power-supply cord of the grounding type. See 16.7.

fion\ta' the requirements specified in this standard equipment used for grounding

rd-faor it L1

m)] and shall
Dse.

shall not be
e equipment
bvices do not

and provided
onnected as
be separated
be marked to

dead metal
and that can

out, hole, or
r permanent

y cord for an
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467.
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16.3 Other than as indicated in 16.4 and 16.5, a field-wiring terminal or lead for connection of an
equipment-grounding conductor shall be provided as follows:

a) The equipment-grounding terminal or lead shall be located in the field-wiring compartment and
shall be identified in accordance with 16.10 and 16.11.

b) The equipment-grounding terminal or lead shall be acceptable for connection of an equipment-
grounding conductor of at least the size required by the National Electrical Code, ANSI/NFPA 70,
Table 250-95, based on the size of the overcurrent device protecting the circuit.

c) If more than one circuit is to be connected to the equipment, the terminal or lead provided for
field connection of an equipment-grounding conductor shall be acceptable for connection of a
separate grounding conductor for each circuit.
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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 (b) above, except that it need be no larger than one of the power-supply conductors.

16.4 The equipment-grounding terminal or lead specified in 16.3 is not required for a low-voltage
(National Electrical Code — Class 2) control circuit connection, and may be omitted for a high-voltage
circuit connection if:

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) Th ata terminat can be acceptably nstatted i the field, fon example, the
termimal 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 61.22.

16.5 With
(33.6 mm?) if

eference to 16.4(a), a field-wiring power-supply conductor is likely to be largeqf than 2 AWG

a) The marked minimum circuit ampacity for the circuit uhder consideration is m¢re than 95.5
amperes for copper conductors, or 75.5 amperes for Jaluminum or copper-clad aluminum
condyctors;

b) A minimum circuit ampacity is not required to be*marked (see 60.8) and if the rated current is
more|than 76.4 amperes for copper conducters or more than 60.4 amperes for|aluminum or
coppér-clad aluminum conductors; or

c) Any marking on the product indicates Use of a conductor larger than 2 AWG (33|6 mm?). See
61.15.

16.6 With reference to 16.3(c) and~(d), an individual terminal or lead for each field wired equipment-
grounding canductor may be provided. A single terminal for connection of all such conductors may be
employed if pcceptable for the «application. A lead for connection of an equipment-grounding conductor
may serve fof connection of more than one circuit.

16.7 A power-supply,eord of an appliance shall include an equipment-grounding conductor.

16.8 An eqlipment-grounding conductor of a flexible cord shall be:

a) Finished-toshow a green colorwith orwithout one or more \J/nlln\l\l efripne;

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.

16.9 The screw mentioned in 16.8(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.

16.10 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
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connection of such a conductor shall be plainly identified, such as by an adjacent marking "G," "GR,"

"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.

16.11

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.

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

aralaectricoal caman AN Aanta

frames, or oth

16.13 A bon
metal, it shall
of acceptable
damage. See

16.14 Bond
connection, H
coatings such

16.15 A bol
screwhead is

16.16 If the

CTCIC Tttt COMTTPOTICTItST

ding conductor shall be of material acceptable for use as an electrical conducto
be protected against corrosion by painting, plating, or the equivalent. Fhe/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, iveted, bolted, or sq
y brazing, or by welding. The bonding connections shallreliably penetrate n
as paint.

ted or screw-secured connection that incorporates a 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, shall comply with thegequirement in 16.14.

16.17 Metal
bonding the d

16.18 A mo
by riveting, b
greater than 4
that depends

16.19 A cor

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

or frame shall be bonded for grounding. A motor frame bonding connection shg
plting, or by welding;\soldering, or brazing with material having a softening or
154°C (849°F), or.equivalent positive means. Other than as indicated in 16.19,
upon the clamping action of rubber or similar material is not acceptable.

. If of ferrous
ictor shall be
h mechanical

rew-secured
bnconductive

hs under the
h 16.14.

threads of a

a means for

Il be secured
melting point
a connection

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

comply with t

L

requirements for:

a) the lGraunding Means Overload Test _Section 50 _and

b) the Short-Circuit Tests, Section 46, 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.

16.20 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 for:

1) the Grounding Means Overload Test, Section 50, and

2) the Short-Circuit Tests, Section 46.

Exception: The short-circuit tests may be waived if the conductor is a 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

prote

cted 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 21 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.

ELECTRICAL COMPONENTS

17 Mounting of Components

17.1 A swi

component g

turning. See

17.2 Ther

conditions arg met:

a) The swifch is to be of a plunger or other type that does not tend to rotate whe

toggl
of the

fch, a lampholder, an attachment-plug receptacle, a motor attachment plU
hall be mounted securely and, other than as noted in 17.2 and 17.3, shall be p
17.4.

quirement that a switch be prevented from turning may be waived if all of

g, or similar
evented from

the following

switch is considered to be subject to forces that tend to turn the switch during

switch;

operated. A

Tthe operation

b) The means for mounting the switch is not subject to loosening as the result of its operation;

¢) The spacings are not to be reduced below the minimum required values if the switch rotates; and

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

17.3 A lampholder of a type in which the lamp cannot be replaced, such as a neon pilot or indicator light
in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if rotation cannot

reduce spaci

ngs below the minimum acceptable values.

17.4 The means for preventing the turning indicated in 17.1 shall consist of more than friction between
surfaces. A toothed lock washer that provides both spring takeup and mechanical interference is


https://ulnorm.com/api/?name=UL 1812 2022.pdf

50 UL 1812 MAY 3, 2022

acceptable as the means for preventing a small stem-mounted switch or other small device having a single
hole mounting means from turning.

17.5 An uninsulated live part and a part that supports a live part shall be so secured to 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 34.1 and Table 34.2.

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

as indicated in 17.5, but a lock washer as described in 17.4 is acceptable.

18 Printed Wiring Boards

18.1 Printed

Printed Wiring Boards, UL 796.

Exception: A
requirements|
other circuits
result in the f
the end-use f

19 Live Par

19.1 Metal
steel may be
100°C (212°K
stainless stee

19.2  With re
used for a cu

a)ifp
b) with

20 Electrical Insulating Material

1rent-carrying part:

wiring boards, including the coatings, shall comply with the requirements in-the

printed-wiring board in a Class 2 nonsafety circuit is not required to, comply with
in the Standard for Printed-Wiring Boards, UL 796, if the board\is“separated
such that loosening of the bond between the foil conductor..and the base ma
il conductors or components coming in contact with parts of'other circuits of the
roduct.

ts

employed for a current-carrying part shall be*acceptable for the application. H
used for current-carrying parts whose tempeérature during intended operation
F). Regardless of the temperature attained, unplated iron or steel shall not
| and other corrosion resistant alloys may be used.

ference to 19.1, ordinary iron or steel, if provided with a corrosion resistant co3

rmitted in accordance with 5.1, or

in a motor.

molded com

sition; or a material having equivalent electrical and physical properties. See 2(

Standard for

the bonding
from parts of
terial will not
control or of

lated iron or
is more than
be used; but

ting, may be

osition, cold-
).2.

201 Mater:%l for_the-mounting of uninsulated live parts shall be porcelain, phenolic comp)

20.2 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, but not as
the sole support for uninsulated live parts. Polymeric materials may be used for the sole support of
uninsulated live parts, if found to have mechanical strength and rigidity, dielectric withstand, resistance to
heat, flame propagation, arcing, creep, and moisture, and other properties required for the application
without displaying a loss of these properties beyond the minimum acceptable level as a result of aging.

21 Supplemental Insulation, Insulating Bushings, and Assembly Aids

21.1 The requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified unless
the insulation or device is required to fulfill 14.2.9 or a performance requirement of this standard.

21.2 In accordance with 21.1, supplemental insulation shall comply with the following:
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a) Insulating tape shall comply with the requirements in the Standard for Polyvinyl Chloride,

Polye

thylene, and Rubber Insulating Tape, UL 510;

b) Sleeving shall comply with the requirements in the Standard for Coated Electrical Sleeving, UL

1441;

c¢) Tubing shall comply with the requirements in the Standard for Extruded Insulating Tubing, UL
224; and

d) Electrical insulation systems shall comply with requirements in the Standard for Systems of
Insulating Materials — General, UL 1446.

21.3 Wire
and Live Par

Exception: A
is considered

21.4 Insul

this Standar

confirm that
performance

22 Motors
221

Gene

2211 Am
electric shocl

2212 Am

22.1.3 With
treated to p
absorptive m

22.2 Overl

22.2.1

a
requirement{1

Othqzrthan as specified in 22.2.2, 22.2.7, and 22.2.9, each motor shall be protected
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s, Section 19.

device that complies with the requirements in the Standard for Positioning Devi
to fulfill this requirement.

ing bushings that comply with Components, Section 5, of this’end product stan
in the Standard for Insulating Bushings, UL 635, are considered to fulfill the re
. Tests specified in this Standard (e.g. Strain Relief Test) may still need to be
the combination of the insulating bushing andthe supporting part con
requirements.

land Motor Protection

al

otor shall handle the maximum intended load of the unit without resulting in
, or injury to persons.

btor winding shall resist the'‘absorption of moisture.

reference to the-frequirements in 22.1.2, film-coated wire is not required to b

aterials should be impregnated or otherwise treated to resist moisture absorptio

pad protection

p, Section 16,

ces, UL 1565,

dard, and the
quirements of
performed to
ply with the

a risk of fire,

e additionally

revent absorption-of moisture, but fiber slot liners, cloth coil wrap, and sinpilar moisture

n.

y:

a) an integral thermal protector that provides running and locked rotor protection in accordance

with:

1) Deleted

2) The Standard for Rotating Electrical Machines — General Requirements, U
the Standard for Thermally Protected Motors, UL 1004-3; or

3) Electronic protection that meets the test requirements of the Standard for
Protected Motors, UL 1004-7 and the circuits requirements of Controls — End
Parameters, Section 57.

L 1004-1 and

Electronically
Product Test

b) an overcurrent protective device rated or set in accordance with the National Electrical Code,
ANSI/NFPA 70.
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The protection for a motor rated at 15 horsepower (11.2 kW output) or less and protected in accordance
with (b) shall also comply with the requirement in 40.1.

22.2.2 The overload protection of a single speed, continuous-duty blower motor having a marked rating
over 1 horsepower (746 Watts output) need not be provided as part of a unit if:

a) The motor is outside the air stream;

Exception: If the motor is totally enclosed, it may be in the air stream.

b) The motor is to be field-wired to a separate circuit that does not supply any other loads within the

unit; a

nd

Exception: A Class 2 power supply provided as part of the unit and protected in.aécordance with
Overclirrent Protection, Article 240, Parts | through VIl per Article 430.53 (C)(6)-0f|the National

Electrical Code, NFPA 70, need not be supplied by a separate circuit.

c) The motor overload protection is part of separate field-provided mofos control equipment that
ot require wiring interconnection to the unit, other than for the motor circuit (sde 22.2.3 and

does
60.5),

d) Ene
flow.

22.2.3 A se
marked with

2224 Ase
and is respor
nameplate fu
protecting the
factor of a m

and

rgization of electric heaters, if any, does not occur without-motor operation or e

parate motor protection device must be installed*for each motor in this unit,

idence of air

and must be

putput voltage, phase, HP or Watts output, and FLA not exceeding the motor ratings on this
unit nameplate. See 22.2.4.

barate overload device which combinées the functions of overload and overcurragnt protection
sive to motor current rated or setat values not greater than the percentages|of the motor
ll-load current rating as specified Table 22.1. Such a device shall be cagable of fully

circuit and motor both under overload and short circuit conditions. If the m3rked service
ptor is less than 1.15, or-if\the service factor or service factor current is not marked on the

motor, the rafing or setting of separate overload devices, if used, shall not exceed 115% of the full load

current of the[motor.
Table 22.1
Protective device activation level
Maximum percentage full-load curr¢nt rating
protection
—Motor mameplate marking A B
Motor with marked service factor no less than 1.15 125 140
Motor with marked temperature rise no more than 40°C (72°F) 125 140
Any other motor 115 130

22.2.5 For a multispeed motor that employs a separate overcurrent protective device to provide running
protection, the protection is to be effective at all speeds at which the motor is intended to operate.

22.2.6 A 3-phase motor shall be provided with overcurrent protection as follows:

a) Three overcurrent units (see 22.2.1), or

b) Thermal protectors, combinations of thermal protectors and overcurrent units, or other methods
of protection where the specific protective arrangement has been investigated and found to provide
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protection under primary single-phase failure conditions when supplied from transformers
connected wye-delta or delta-wye. Assemblies so investigated shall be marked to indicate that the
motor is protected under primary single-phasing conditions. This marking may be on a paper
sticker or decal, or may be on a permanently attached wiring diagram, and shall be located where it
is accessible after installation. See 61.3.

2227

A direct drive fan motor provided with an integral protector complying with:

a) Deleted

b) The Standard for Rotating Electrical Machines — General Requirements, UL 1004-1 and the
Standard for Thermally Protected Motors, UL 1004-3; exclusive of temperature requirements

apply]

c) El
Prote
Parar

2228 Ad
employed w
protection as
deflection tes

2229 Am

a) ur

temperatures and any restricted ventilation, ¢omplies with the Standard for Rota

Mach
UL 1d

b) do

the unit, is considered to comply with the requirements in 22.2.1.

22210 An
Machines —
1004-7.

22.2.11
requirements
a noninterch
type (need r

A {use may(be used to provide the necessary overload protection if complig

Nng 1o running overioad condrions, IS consiaered to comply with the requirement

pctronic protection that meets the test requirements of the Standard \for
cted Motors, UL 1004-7 and the circuits requirements of Controls, —/End
neters, Section 57.

rect drive fan motor, other than an impedance-protected .motor as describ)
th nonmetallic parts, such as fans, scrolls, or shaft supports, shall have run
described in 22.2.1 or the nonmetallic part shall comply with the requirement
tin 45.3.1 and 45.3.2.

btor with impedance protection that:

der conditions of use in the applicationZincluding such factors as evalu

nes — General Requirements, UL 100451 and the Standard for Impedance Prot
04-2; and

bs not generate smoke with the rotor of the motor locked under any required tes

electronically protected motor shall comply with the Standard for Rotat
[Seneral Requirements, UL 1004-1 and the Standard for Electronically Protects

will belprovided by the largest ampere-rated fuse that can be mounted in the fu
hngeable fuse is used. The fuse used to provide this protection may be of the s
ot be acceptable for branch circuit protection) provided the fuse has a shor

5 in 22.2.1; or

Electronically
Product Test

ed in 22.2.9,
hing overload
5 for the heat

ated ambient
ing Electrical
ected Motors,

t condition for

ng Electrical
d Motors, UL

nce with the
seholder or if
Upplementary
-circuit rating

acceptable f

rthe circuitim which it s used. See Tabte 46. 1. if a supptementary type us

equipment shall be marked in accordance with the requirements in 61.20.

is used, the

22.2.12 Electronically protected motor circuits shall comply with the Standard for Tests for Safety-
Related Controls Employing Solid State Devices, UL 991. When the electronic circuit is relying on software
as a protective component, it shall comply with all of the requirements in the Standard for Software in
Programmable Components, UL 1998. If software is relied upon to perform a safety function, it shall be
considered software class 1.

Exception: Compliance with UL 991 and UL 1998 is not required for an electronically protected motor

circuit if:

a) There is no risk of fire, electric shock or casualty noted during Abnormal testing with the motor
electronic circuit rendered ineffective (open or short circuited),
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b) It complies with the Standard for Automatic Electrical Controls — Part 1: General Requirements,
UL 60730-1 and the Standard for Automatic Electrical Controls — Part 2-9: Particular Requirements
for Temperature Sensing Controls, UL 60730-2-9. When the electronic circuit is relying on software
as a protective component, it shall comply with all of the requirements in clause H.11.12 of UL
60730-1, if software is relied upon to perform a safety function, it shall be considered software

class B, or

c) It is a power conversion controller incorporating overcurrent protection complying with the

Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Re
Electrical, Thermal and Energy, UL 61800-5-1 and is rated or set to trip at not more
percent of the motor nameplate full-load current rating.

quirements —
than the 115

22.2.13 Thdg requirements In Table 22.2 are among the factors to be used in evaluating, the protective
circuit.
Table 22.2
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 6{0730-2-9

1) Condlict a failure-mode and effect analysis (FMEA) — for Conduct a failure-mode and effect analysis (FMEA) — for
the protective circuit identified in 22.2.12. the protectivescircuit identified in 22.2.12.

2) A conrol becoming permanently inoperative and A contrgl becoming permanently inoperativej and
discopnecting power meets the criteria for electrical disconnecting power meets the criteria for electrical
superyision of critical components and trouble indication. supervision of critical components and troubje indication.

3) Assuined temperature ranges are as follows: Assumed temperature ranges are as follows:

a) Indoor Use: 0.0 +2°C (32.0 £3.6°F) and 40.0 +2°C (104*| a) Indoor Use: 0.0 +2°C (32.0 +3.6°F) and 4.0 +2°C (104
13.6°F), +3.6°F),
b) Outdoor Use: -35.0 +2°C (-31.0 £3.6°F). b) Outdoor Use: -35.0 +2°C (-31.0 £3.6°F).

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

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

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

a) Immunity to conducted disturbances - Test level 3 shall a) Immunity to conducted disturbances - Test level 3 shall
be uspd, be used,

b) Imfnunity to radiated €lectromagnetic fields - field b) Immunity to radiated electromagnetic fields - field
strength of 3 V/m shallbe used. strength of 3 V/m shall be used.

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

a) Indoor Useé: 21.1 to 26.7°C (70 to 80°F) and minimum a) Indoor Use: 21.1 t0 26.7°C (70 to 80°F) and minimum
50 pefeent,rélative humidity, 50 percent relative humidity,
b) Outdoor Use: minimum 98 percent relative humidity. b) Outdoor Use: minimum 98 percent relative humidity.

8) Surge immunity test - Test with installation Class 3 used for
other than outdoor use protective devices. Class 4 shall be
used for protective devices intended for outdoor use.

9) Electrical fast transient/burst immunity such that a test Electrical fast transient/burst immunity such that a test

level 3 shall be used for all equipment other than outdoor
use equipment. Test level 4 shall be used for outdoor use
equipment.

level 3 shall be used for all equipment other than outdoor
use equipment. Test level 4 shall be used for outdoor use
equipment.

10)

Electrostatic Discharge Test with a Severity Level of 3
having Contact Discharge at 6 kV for accessible metal
parts and air discharge at 8 kV for accessible parts of
insulating material.
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22.3 Short-circuit protection

22.3.1 A motor circuit shall be protected against short-circuit and ground-fault conditions by an
overcurrent protective device conforming with the National Electrical Code, ANSI/NFPA 70.

22.3.2 Other than as indicated in 22.3.3, a motor overload protective device in a unit having more than
one motor wired for connection to one supply circuit shall withstand short-circuit and ground-fault
conditions without a risk of fire or electric shock when tested in accordance with the Short-Circuit Tests,
Section 46. These tests need not be conducted if the device is rated for the conditions specified in Section

46.

22.3.3 The

a)At
acab

b) Th
unit n

c) Th
and

d) Co
and h

However, if g

shart.circuit test for risk of fira epnr\ifind n2232 may be waived if:

hermally protected motor or a separately enclosed motor-overload protective ds
net of a product or section of a product;

e motor or device is intended to be protected by a fuse or circuit breaker as sp

b assembly is constructed so that flame and molten metal will-be confined withi

mbustible material, except electrical insulation or an-air filter, is not located be
as the characteristics specified in 12.3.1.

pvice is within

ecified on the

ameplate or provided as part of the product and is acceptable for branch-circuit protection;

h the cabinet;

ow the motor

hort-circuiting of live parts of different circujts&‘may result, the test shall not be waljived.

23 Motors [For Use In Unattended Areas

23.1 General

23.1.1 In agldition to any other motor requirements specified in UL 1812, the requirements specified in
Section 23 apply to any motor used in fan products which operate unattended or in situations in which the
operator maly not detect a locked rotor condition. Examples include: wall-insert HRV’s,| through-wall
HRV’s, ceiling-insert HRV'’s, attic HRV’s, whole house HRV’s, and ducted HRV's.

ion device, a
| locked rotor

Exception N
thermal cuto
testing in acq

b. 1. These:requirements do not apply to motors employing a single-operat
f, or a manual reset thermal protector when the device opens during the norma
ordance with:

a) Deleted

b) The Standard for Rotating Electrical Machines — General Requirements, UL 1004-1 and the
Standard for Thermally Protected Motors, UL 1004-3.

Exception No. 2: These requirements do not apply to a motor in which there are no openings in the
enclosure through which molten metal, burning insulation, flaming particles, or other ignited material could
fall onto flammable material, or through which a flame could be projected, such as a totally enclosed
motor.

23.1.2 There shall be no increased risk of fire as evidenced by the burning of cotton. All cotton used for
this test is to be sterile or surgical 100 percent cotton.

23.1.3 A motor shall be tested in accordance with this Section at each speed and rated voltage. A motor
with a single tapped winding is required to only be tested at high speed.
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23.2 Performance

23.2.1 Test

23.2.11
complete fan

preparation — fan motor failure mode analysis

or ten samples of the motor.

The test procedure specified in this Section is to be conducted on either ten samples of a

Exception: For a motor employing a thermal cutoff or a manual reset thermal protector as a secondary or

“back-up” pro

tection, only three samples are to be tested. See 3.17, 3.18, and 3.22.

23.2.1.2 For the purpose of this test, motor samples are to be provided without an automatic reset

thermal prote

23.21.3 At
heating) durin

23.2.14 Ea
cottonisto b
molten metal
molten metal
guard.

23215 Ea

4 A6l 1 k1) 4 % et HI- | H HS
LU A UAdURNTUY PJTULCULIUTN TS TU TTTTIAn T T Ui CIrouit.

nermocouple is to be attached to the motor winding to verify constant temperatu
g the test. The rotor is to be locked.

ch sample of a complete fan is to be oriented as intended in the, application.

is emitted. When a barrier or guard is provided for the¢purpose of preventi
from escaping from the motor area, the cotton is to be loosely draped around

ch sample of a fan motor is to be placed on oné. layer of cotton on a wood 9

e rise (motor

One layer of

b loosely draped around the area of the motor and any other-area of the fan where flame or

hg flames or
he barrier or

urface. Each

motor is then to be surrounded with one layer of loosely draped cotton.

23.2.2 Test|procedure — fan motor failure mode analysis

23221 Th
test procedur

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

23222 Th
initially at the

b fan motor is to be energized in a room ambient temperature of 10 to 40°C
rated voltage of the fan until the winding temperature stabilizes.

50 to 104°F)

ximum 10°C
ening of a or

23.2.2.3 Following stabilization, the voltage is to be gradually increased to achieve a ma
temperature fise per minute_until ultimate results are observed (opening of motor winding, op
“back-up” profection, orignition of the cotton).

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

24 Capacitors

24.1 A capacitor shall comply with the Standard for Capacitors, UL 810.

24.2 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements of this standard, including faulted overcurrent conditions based on the circuit in which it is
used. See Table 46.1.

Exception No. 1: If the available fault current is limited by other components in the circuit, such as a motor
start winding, the capacitor may be tested using a fault current less than the test current specified in Table
46.1 but not less than the current established by dividing the circuit voltage by the impedance of the other
component(s).
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Exception No. 2: Electromagnetic interference filters with integral enclosures that comply with the
requirements in the Standard for Electromagnetic Interference Filters, UL 1283, are considered to fulfill the
requirements.

25 Circuit Breakers and Fuseholders

25.1 A circuit breaker used to protect a circuit having more than one ungrounded conductor and no
grounded neutral shall be of the multipole common trip type arranged to open all ungrounded conductors.
The use of an external handle tie does not in itself constitute a common trip mechanism.

25.2 A fuseholder shall be designed, installed, or protected so that adjacent uninsulated high-voltage live
partsy other than-the-screw-shell of a plllg fllenhnlr’lnr’ narfrirign fuse. r\lipe’ or \Aliring terminals to the

fuseholder, will not be exposed to contact by persons removing or replacing fuses.

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

25.3 In addition to the requirements specified in this standard, fuseholders shall comply with the
requirementg in the Standard for Fuseholders — Part 1: General Requirements, UL 4248-1 and

a) The Standard for Fuseholders — Part 4: Class CC, UL 4248-4;
b) The Standard for Fuseholders — Part 5: Class G, UL 424855;
¢) The¢ Standard for Fuseholders — Part 6: Class H, Ul.'4248-6;
d) The Standard for Fuseholders — Part 8: ClassdJ UL 4248-8;
e) THe Standard for Fuseholders — Part 9: Class K, UL 4248-9;

f) Thg Standard for Fuseholders — Part<]1: Class C (Edison Base) and Type S Plug Fuse, UL 4248-
11;

g) The Standard for Fuseholdérs— Part 12 : Class R, UL 4248-12; or

h) Th¢ Standard for Fuseholders — Part 15: Class T, UL 4248-15.

25.4 With reference to 25.2;7a separation less than 4 inches (102 mm) from the insulating thody of a fuse
is considered to be adjacent.

26 OvercufrentProtection, General

26.1 The overcurrentprotectionm specified i 26-2-and26.3 shattbe circuit breakers, cartridge 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, ANSI/NFPA 70.

26.2 Overcurrent protection at not more than 20 amperes shall be provided by a circuit breaker or fuses,
as a part of the unit:

a) for each general-use duplex receptacle circuit, and

b) for each lampholder circuit, independent of a heating element, unless the unit would be
connected in accordance with the National Electrical Code, ANSI/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.
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Exception No. 2: A receptacle circuit in a unit marked in accordance with 61.7 is exempted from this
requirement.

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

Exception: A receptacle in a unit marked in accordance with 61.7 is exempted from this requirement.

26.4 If a fuseholder is incorporated in a unit, the fuses shall be shipped with the unit by the manufacturer,
but need not be mounted in the fuseholder.

27 Overcurrent Protection, High-Voltage Control Circuit Conductors

271 Generpl

27.1.1 If a pontrol circuit is supplied through a transformer provided as part of the eqliipment, see
Transformer Protection, Section 28, for additional requirements.

27.2 Directiconnected high-voltage control circuits

27.2.1 A unjt employing a direct-connected high-voltage control circuit shall be marked ir} accordance
with 61.23.

27.3 Tappefl high-voltage control circuits

27.3.1 Tapped high-voltage control circuit conductors shall be provided with overcurrent prptection. The

rating of the @

Exception NQq.

exceed 4 fee
breakers rate

Exception N
withstand shda

Exception Ng
protection.

vercurrent protective device(s) shall'not exceed the applicable value specified in

1: 18, 16, and 14 AWG._(0.82, 1.3, and 2.1 mm?, respectively) conductor.
[ (1.2 m) in length between points of opposite polarity may be protected by ful
f 60 amperes or less.

. 2: An overcdrrent protective device of a higher rating may be provided if th
ri-circuiting when tested as specified in the Short-Circuit Tests, Section 46.

. 3: AlMead 12 inches (305 mm) or less in length need not be provided with

Table 27.1.
5 that do not
ses or circuit

e conductors

) overcurrent

Exception No. 4: A control circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device(s) located on the primary side of the transformer provided:

a) this protection complies with requirements specified in Transformer Protection, Section 28, and

b) the protection does not exceed the applicable value specified in Table 27.1 multiplied by the ratio
of secondary-to-primary rated transformer voltage.

Exception No. 5: A control circuit conductor that is tapped from the main power circuit at a point outside of
the control equipment enclosure shall be protected as specified in Column A of Table 430-72(b) of the
National Electrical Code, ANSI/NFPA 70.


https://ulnorm.com/api/?name=UL 1812 2022.pdf

MAY 3, 2022 UL 1812 59

Overcurrent protective devi;alk');?ilf; .f10r control circuit conductors
Maximum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending beyond control
Tapped control-circuit conductor size equipment enclosure equipment enclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 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
Lprger than 10 b b [ [

@ Includes cop

er-clad aluminum.

5400 percent ¢f value specified for 60°C conductors in Table 310-17 of the National Electrical Codey ANSI/NFPA 7.
300 percent gf value specified for 60°C conductors in Table 310-16 of the National Electrical Code, ANSI/NFPA 7(.

27.4 Overdurrent protective devices

27.4.1  Ovefcurrent protection for a tapped high-voltage control circuit conductor, as requifed by 27.3.1,
shall be provjded as part of the equipment.

Exception: Tlhe overcurrent device(s) need not 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 27.1.

27.4.2 A cantrol circuit overcurrent protective device(s) shall:
a) be jprovided for all ungrounded.conductors,
b) be [sized in accordance with requirements in 28.1.2.1, and

c¢) haye a voltage rating.not less than the circuit in which it is used.

The device(g) shall bera circuit breaker acceptable for branch circuit protection, or a fuse gcceptable for
branch circuif protection, such as a Class CC, G, H, J, K, L, R, or T cartridge fuse or Type S p|ug fuse.

Exception: A« device used for overcurrent protection of a tapped control circuit mdy be of the
supplementary typeif it hasa stort=circoit rating acceptable for thecircait imwhich it isused. See Table
46.1. If the supplementary type device used is a fuse, the equipment shall be marked in accordance with
61.20.

28 Transformer Protection
28.1 High-voltage transformer
28.1.1 General

28.1.1.1 A transformer (including an autotransformer), other than one as described in 28.2.1 and 28.2.2,
is considered a high-voltage transformer and shall:

a) Be provided with thermal overload protection in accordance with the requirements in 28.1.2.1,
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b) Be protected by an overcurrent device in accordance with requirements in Section 28.1.3, or

c) Be provided with electronic protection that meets the test requirements of Section 28.1.2 and the
circuits requirements of the Standard for Rotating Electrical Machines — General Requirements, UL
1004-1, or

d) Comply with the Burnout Test — High-Voltage Transformer, Section 49

Exception: A transformer rated less than 50 volt-amperes supplying only a motor control circuit and

located in the

28.1.2 Ther

same enclosure as the motor controller.

mal protection

28.1.2.1 If 4
shall be arra

under overload conditions, to that permitted for the class of insulation employed )in the W

Overload Tes

Exception: If
be conducteq

28.1.22 Th
Application G
rating of not |
temperature |
Requirement
Requirement

28.1.3 Ovelcurrent protection

28.1.31 If4
with the requi

28.1.3.2 Other than as noted,in,28.1.3.3, a high-voltage transformer shall be protected by a

device(s) locd

Exception: If
current does
of protective
the National £

high-voltage transformer is provided with a thermal overload protective devic

— High-Voltage Transformer, Section 48.

the thermal protective device provided is a nonrenewable thermal cutoff, a burt
in place of the overload test. See Burnout Test — High-Voltage Transformer, Seq

brmal cutoffs shall comply with the Standard for jThermal-Links — Requi
uide, UL 60691. A manual or automatic resetting thermal protector shall have 3
ss than 6000 cycles and shall comply with the‘tequirements pertaining to the
miting controls specified in the Standard for,Automatic Electrical Controls — P3
5, UL 60730-1 and the Standard for Automatic Electrical Controls — Part 2
5 for Temperature Sensing Controls, UL.60730-2-9.

high-voltage transformer is (protected by an overcurrent device, such protection
rements specified in 28.1.3.2, 28.1.3.3, and 28.3.1 — 28.3.3.

ted in the primary circuit and rated or set as indicated in Table 28.1. See 28.2.2.

the rated‘primary current of the transformer is 9 amperes or more and 125 p
hot correspond to a standard rating of fuse or circuit breaker, the next higher st
evicexmay be used. Standard ratings of protective devices are specified in Sed
Flectrical Code, ANSI/NFPA 70.

B, the device

nged to interrupt primary current and shall limit temperatures of the transformer windings,

indings. See

out test is to
tion 49.

ements and
n endurance
calibration of
rt 1: General
9: Particular

shall comply

h overcurrent

prcent of this
hndard rating
tion 240-6 of

Table 28.1
Rating of overcurrent devices

Maximum rating of overcurrent device, p

ercent of
g9

Less than 2
2 or more less tl
9 or more

Rated primary current, amperes transformer primary current ratin
300°

han 9 167
125

@ Does not apply to an autotransformer. May be increased to 500 percent if transformer supplies a motor control circuit.

28.1.3.3

If the circuit supplying a transformer other than an autotransformer is provided with overcurrent

protection rated or set at not more than 250 percent of the rated primary current of the transformer,
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additional overcurrent protection is not required in the primary circuit provided the secondary circuit is
protected at not more than 125 percent of the rated secondary current of the transformer. See 28.3.2.

Exception No. 1: If the rated secondary current of the transformer is 9 amperes or more and 125 percent
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 Section 240-6 of the National Electrical Code, ANSI/NFFA 70.

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 percent of the rated secondary

current.

28.2 Low-y

28.2.1
and 1000 vo
protected by
set at not mo

shall, in acc
5085-1 and

5085-3, eithe
device (not i

2822 A tr({

28.3 Overg

28.3.1 Ove
need not be
rating of the
in28.1.3.20

Othgr than as indicated in 28.2.2, a transformer having a rated output of not/more

oltage transformers

t-amperes (National Electrical Code, ANSI/NFPA 70, Class 1, poweér-limited ci
an overcurrent device located in the primary circuit. The overcurreht device sh
re than 167 percent of the primary current rating of the transformer. See 28.3.1.

nsformer that directly supplies a National Electrical Code; ANSI/NFPA 70, C

he Standard for Low Voltage Transformers — Part3:Class 2 and Class 3 Trar

urrent protective device

rcurrent protection in the primary circuit of a transformer, as described in 28.1.3

herently limited transformer), and need not comply with the requirements in 28.2.1

than 30 volts
rcuit) shall be
ll be rated or

lass 2 circuit

rdance with the Standard for Low Voltage Transformers — Part 1: General Reqliirements, UL

sformers, UL

r limit the output current (inherently limited transformer) or be equipped with an overcurrent

1.

2and 28.2.1,

provided as part of the equipment if, based on the marked rating(s) of the e
branch circuit overcurrent protective device(s) does not exceed the applicable v
28.2.1.

28.3.2 Ove

provided as part of the equipmient.

28.3.3 Are
a) be

b) be

rcurrent protection in\the secondary circuit of a transformer, as required by 28.1

nuired transformer overcurrent protective device provided as part of a unit shall:
provided-for each ungrounded conductor,

sized in accordance with the requirements in 28.1.3.2 — 28.2.1, as applicable, ar

quipment, the
hlue specified

.3.3, shall be

d

c¢) have a voltage rating not less than the circuit in which it is used.

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

Exception: If a transformer supply is tapped from a circuit supplying other loads in the unit, a fuse used for
overcurrent protection may be of the supplementary type [a type other than indicated in 28.3.3] provided
the fuse has a short-circuit rating acceptable for the circuit in which it is used. See Table 46.1. The unit
shall be marked in accordance with the requirements specified in 61.20.

28.3.4 In addition to the requirements specified in this Standard fuses shall comply with the requirements
in the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL 248-1 and,
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a) Standard for Low-Voltage Fuses — Part 2: Class C Fuses, UL 248-2;

b) Standard for Low-Voltage Fuses — Part 4: Class CC Fuses, UL 248-4;

c) Standard for Low-Voltage Fuses — Part 5: Class G Fuses, UL 248-5;

d) Standard for Low-Voltage Fuses — Part 6: Class H Non-Renewable Fuses, UL 248-6;

e) Standard for Low-Voltage Fuses — Part 7: Class H Renewable Fuses, UL 248-7;

f) Stan

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

g) Standard for Low-Voltage Fuses — Part 9: Class K Fuses, UL 248-9;

h) Sta
i) Star
j) Stan
k) Sta

29 Switche

29.1 A switd

29.2 In addg
requirements

a) Sta
b) Sta
c) Sta
d) Del
e) Sta

Exception: Sy

29.3  With rq
load, such as

ndard for Low-Voltage Fuses — Part 10: Class L Fuses, UL 248-10;

s and Controllers

dard for Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11;
dard for Low-Voltage Fuses — Part 12: Class R Fuses, UL 248-12; ‘ar

ndard for Low-Voltage Fuses — Part 15: Class T Fuses, UL 248-15.

h or other control device shall have a rating not less'than that of the load that it g

ition to the requirements specified in this standard switches shall com
in the:

hdard for Clock-Operated Switches, UL 917;

hdard for Enclosed and Dead-Front Switches, UL 98;

ndard for General-Use Spap-Switches, UL 20; or

pted

ndard for Switchesfor Appliances — Part 1: General Requirements, UL 61058-1.

vitches used-in extra-low-voltage non-safety circuits, that will not cause a risk of

ference to the requirement in 29.1, the ampere rating of a switch that controls

ontrols.

bly with the

njury.

an inductive

aransformer, shall not be less than twice the rated full load current of the ipductive load

unless the sw

itch is rated for the particular application.

29.4 A switch shall be so located or protected that it will not be subjected to mechanical damage in its

intended use.

29.5 A switch or other device that controls a motor of a unit, unless rated for the application, shall
perform acceptably when subjected to an overload test in accordance with the Switch Overload Test,

Section 41.

29.6 A switching device such as a contactor, controlled by a remote thermostat having a marked on or off
position, is not required to disconnect all ungrounded conductors of the power supply circuit.
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29.7

If a manual switch in a unit or separate control assembly has a marked off position or the

equivalent, there shall be no exposed live parts when the switch is in the off position and when the access
panel(s) or cover(s) to the unit or control assembly is opened.

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.

29.8 A shi¢
in29.6isint

29.9 More

switches are
be used to d
the main pow

29.10 Ifan
more than 1
motor — shall

2911 Amg
the applicatiq

a)Th

b) THh
Requ
c) The
the S
Sens

d) De
30 Control
30.1

Gene

30.1.1

d or barrier used to cover supply wiring terminals that may be live when a switc
ne off position, shall comply with 15.7 and 15.8 and shall be marked in accordan

han one switch may be used to comply with the requirements in 297, provide
grouped and identified. A cover interlock switch, with terminals independently
sconnect some conductors, such as control circuit conductors, fream a supply §
er supply.

appliance provided with a power-supply cord and an attachment plug employs
3 horsepower (250 W output), a motor controller < a“*device for starting and
be provided in the appliance.

tor controller complying with the following is gonsidered to fulfill the construction
n requirements of this Standard:

p Standard for Industrial Control Equipment, UL 508,

e Standard for Adjustable Speed Electrical Power Drive Systems — Par
rements — Electrical, Thermalland Energy, UL 61800-5-1,

b Standard for Automatic.Electrical Controls — Part 1: General Requirements, UL
andard for Automatic.Electrical Controls — Part 2-9: Particular Requirements fof
ng Controls, UL 60730-2-9, or

eted
Is

al

h as specified
ce with 61.18.

d the manual
covered, may
beparate from

a motor rated
stopping the

and rating for

5-1: Safety

60730-1 and
Temperature

standard and the parameters in Controls — End Product Test Parameters, Section 57.

Auxiliary controls shall be evaluated using the applicable requirements of this end product

Exception: This requirement does not apply to circuits that comply with the requirements in Section 57.

30.1.2 Operating (regulating) controls shall be evaluated using the applicable component standard
requirements specified in 30.2 — 30.4, and if applicable, the parameters in Controls — End Product Test
Parameters, Section 57, unless otherwise specified in this end product standard.

Exception: This requirement does not apply to circuits that comply with the requirements in Section 57.
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30.1.3 Operating controls that rely upon software for the normal operation of the end product where
deviation or drift of the control may result in a risk of safety, such as a speed control unexpectedly
changing its output, shall comply with the requirements in the:

Operating controls that rely upon software for the normal operation of the end product where deviation or
drift of the control may result in a risk of safety, such as a speed control unexpectedly changing its output,

shall comply with the requirements in the:

a) Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991; and the
Standard for Software in Programmable Components, UL 1998; or

b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.

c) Thg alternate circuits requirements of Section 57.
30.1.4 Protgctive (limiting) controls shall be evaluated using the applicable~componént standard
requirements|specified in 30.2 — 30.4, and if applicable, the parameters in Contrels — End |Product Test
Parameters, $ection 57, unless otherwise specified in this end product standard.

Exception: TH

30.1.5 Solid

comply with the requirements in the:

a) Sta

b) Sta
Contrg

c) The

30.1.6 Protsg

is requirement does not apply to circuits that comply with the‘requirements in Se

-state protective controls that do not rely upon software as a protective com

ndard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 9

ndard for Automatic Electrical Controls —*Part 1: General Requirements, UL 607
Is using software, Clause H.11.12.

alternate circuits requirements of.Section 57.

ction 57.

ponent shall

91; or

30-1, except

ctive controls that rely upén' software as a protective component shall comply with the

requirementsjin the:
a) Stgndard for Tests for.Safety-Related Controls Employing Solid-State Devices, UL 991; and
Standard for Software-in.Programmable Components, UL 1998; or
b) Stapdard for AGtematic Electrical Controls — Part 1: General Requirements, UL 60730-1, or
¢) The alternate’circuits requirements of Section 57.
30.2 Electromechanical and electroni ntrol
30.2.1 A control, other than as specified in 30.3 — 30.4, shall comply with the requirements in the:

a) Deleted

b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; or

c) Standard for Programmable Controllers — Part 2: Equipment Requirements and Tests, UL

61131-

2, or

d) The alternate circuits requirements of Section 57.
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30.3 Motor and speed controls

30.3.1 A control used to start, stop, regulate or control the speed of a motor shall comply with the
requirements in the:

a) De

leted

b) Standard for Industrial Control Equipment, UL 508;

c¢) Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements
— Electrical, Thermal and Energy, UL 61800-5-1;

d) Ste
e) St3
f) Sta
g)Th

ndard for Solid-State Fan Speed Controls, UL 1917; or

hdard for Solid-State Controls for Appliances, UL 244A.

b alternate circuits requirements of Section 57.

30.4 Temperature controls

30.4.1 Ate
a) De
b) Sta
c) Stg
Stang

Sens

d) Th

304.2 Ate
(NTC) therm
the requirem
31 Valves

31.1 Electr

mperature control shall comply with the requirements(in the:
eted
ndard for Industrial Control Equipment, UL.508; or

ndard for Automatic Electrical Controlss= Part 1: General Requirements, UL 607
ard for Automatic Electrical Controls”— Part 2-9: Particular Requirements for|
ng Controls, UL 60730-2-9.

b alternate circuits requirements of Section 57.

stor, that performs.the same function as an operating or protective control sha
ents in the Standard for Thermistor-Type Devices, UL 1434.

Electrically-Operated) and Solenoids

cally operated valves shall comply with the requirements in the:

a) Ste

04£30-1;

30-1; and the
Temperature

mperature sensing pgsitive temperature coefficient (PTC) or negative temperatuiire coefficient

| comply with

b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; and the
Standard for Automatic Electrical Controls for Household and Similar Use; Part 2: Particular
Requirements for Electrically Operated Water Valves, Including Mechanical Requirements, UL
60730-2-8.

32 Light Sources and Associated Components

32.1 Lampholders and indicating lamps shall comply with the requirements in the Standard for
Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies with the requirements in the Standard
for Luminaires, UL 1598, are considered to fulfill this requirement.
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32.2 Lighting ballasts shall comply with the requirements in the:

a) Standard for Fluorescent-Lamp Ballasts, UL 935; or

b) Standard for High-Intensity Discharge Lamp Ballasts, UL 1029.

Exception: Ballasts forming part of a luminaire that complies with the requirements in the Standard for
Luminaires, UL 1598, are considered to fulfill this requirement.

32.3 Light emitting diode (LED) light sources shall comply with the requirements in the Standard for Light
Emitting Diode (LED) Equipment For Use In Lighting Products, UL 8750.

33 Safety D

33.1 Thete

that they will be protected against unintentional short-circuiting or damage.

33.2 The b
depended up
as to be protg

33.3 In con
being installe

33.4 A safe
operation tha
the unit is con

33.5 Acom
terminals of a

33.6 A solid
Related Cont

Exception N9
appropriate,

Requirement
Requirement
of the Safety

evices

minals of a safety device within the enclosure of a unit shall be located or furthe

ilb, capillary tubing, or other sensing element of a temperature limiting cq
bn to reduce the risk of 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 requirement in 33.1, 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 the
may result in a risk of fire, electric shock, or injury to persons) shall be operat
nected to its power supply.

ponent, such as a pilot light, capacitor, or resistor, shall not be connected acros
safety control or a limit control.

state safety control shall-comply with the requirements in the Standard for Tes
ols Employing SolidState Devices, UL 991.

. 1: A control that complies with temperature limiter, thermal cutout or protecti
requirements\~of the Standard for Automatic Electrical Controls — Part
5, UL 60730-1 and the Standard for Automatic Electrical Controls — Part 2
b for Temperature Sensing Controls, UL 60730-2-9 are considered to fulfill the
Standard for Tests for Safety-Related Controls Employing Solid-State Devices, U

enclosed so

ntrol that is
r guarded so

it that, when

likelihood of
ve whenever

s the contact

ts for Safety-

re control, as

1: General
9: Particular
requirements
L 991.

Exception No. 2: This requirement does not apply to circuits that comply with the requirements in Section

57.
SPACINGS
34 General

34.1

value specified in Table 34.1. See 13.2.1.

The spacings at field-wiring terminals, fuseholders, and thermal cutoffs shall not be less than the
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Table 34.1
Spacings at field wiring terminals at fuseholders, and at thermal cutoffs
B Between parts mentioned above and other Bet rt
et\.lveen parts uninsulated metal parts not always of the .e ween parts
mentioned above same polarity® mentioned above and
through air, or over enclosure (shortest
surface, Over surface, Through air, distance),

Potential involved in volts | inches (mm) inches (mm) inches (mm) inches (mm)
250 or less (0 — 2000 volt- 1/4 (6.4) 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
amperes)
250 or less (more than 2000 1/4 (6.4) 3/8 (9.5) 1/4 (6.4) 1/2 (12.7)
volt-amperes)
251-600 1/2° (12.7) 1/2b (12.7) 3/8 (9.5) 12 (12.7)
NOTES -

1 These spacin
thermal cutoffs

2 These spacin|
3 Spacings in I
@ Applies to the|

b A spacing of 1
or terminal box

gs do not apply to connecting straps or busses extending away from wiring terminals, from fuSeholds
Such spacings are judged under Table 34.2.

gs apply with fuses installed in the fuseholders.
pw-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 acceptableat wiring terminals in a wiri
if the compartment or terminal box is integral with a motor.

brs or from

hg compartment

34.2 Other

opposite polarity and between an uninsulated live part and a dead metal part shall not be

value specifi

than as noted in 34.1, 34.3, 34.4, and 34.6, the 'spacings between uninsulate

pd in Table 34.2.

Table 34.2

d live parts of
less than the

Spacings other than at field wiring'terminals, at fuseholders, and at thermal cutoffs

componentis i

Rating® Minimum spacings in inches (mm)
Volt-ampergs Volts Through air Over surface To erclosure
0-2000 250P or less 1/8 (3.2) 1/4 (6.4) 1/4 (6.4)
0-125 1/8 (3.2) 1/4 (6.4) 1/2 (12.7)
126250 1/4 (6.4) 3/8 (9.5) 12 (12.7)
More than 200p 251600 3/8 (9.5) 12 (12.7) 12 (12.7)
NOTE — Spacipgs in lew-voltage nonsafety circuits are not specified.
@ The spacingd at.ah individual component are to be judged on the basis of the total volt-ampere load of the circuit ih which the

Tstatted:

® If more than 250 volts, spacings in final line of table apply.

34.3 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
less, and a spacing not less than 1/4 inch (6.4 mm) is acceptable if the potential involved is 251 — 600

volts.

34.4 The spacing requirements indicated in Table 34.2 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 34.2.
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34.5 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 34.1 and 34.2 and shall
be judged on the basis of the highest voltage involved.

34.6 The spacings "To Enclosure" as specified in Table 34.2 are not to be applied to an individual
enclosure of a component that is within an outer enclosure or cabinet.

34.7 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
other moisture resistant material employed in addition to a through air spacing where the total spacing
would otherwise be less than the minimum acceptable values shall not be less than 0.028 inch (0.71 mm)
thick; except that a liner or barrier not less than 0.013 inch (0.33 mm) thick may be used in addition to an
air spacing of not less than one-half of the through air spacing required. The liner shall be located so that it
will not be aff¢cted adversely by arcing.

Exception: In
insulating, ph

sulating material having a thickness less than that specified may be usedf it h
ysical, and flammability properties.

hs equivalent

34.8 The sp
reactor or an
motor is conn|

series with a
in which the

acings within a motor connected across a portion of a resistance element or in
autotransformer shall be those specified for the full rated,veltage of the circuit
ected.

34A Clearance and Creepage Distances

34A.1 As an alternative approach to the spacing requirements specified in Spacings, 34, and other than

as noted in S

requirements

Electrical EqU

34A.2 The
requirements

ection 34A clearances and creepage distances may be evaluated in accord3
in the Standard for Insulation Coordination*Including Clearance and Creepage
ipment, UL 840, as described in 34A.3:

clearance and creepage distance at field wiring terminals shall be in accordg
in Spacings, 34.

nce with the
Distances for

nce with the

34A.3 In conducting evaluations in“accordance with the requirements in the Standard for Insulation
Coordination [ncluding Clearance_and Creepage Distances for Electrical Equipment, UL 840,[the following
guidelines in Table 57.1 — Tablé 57.3 shall be used.

PERFORMANCE

35 Installatjon

35.1 Generatl

35.1.1 A unit is to be mounted in accordance with the manufacturer's installation instructions. If it is

intended for mounting in two or more different positions, the unit is to be tested for installation 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 arrangements.

351.2
the test.

Inlet and outlet grilles, louvers, and filters intended for use with the unit are to be in place during

35.1.3 Other than as indicated in 35.1.4, a unit that is intended to be mounted in a recess in a building
structure or completely enclosed by the building structure is to be mounted inside a complete enclosure for
the tests.
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35.1.4 The enclosure specified in 35.1.3 is to be in accordance with the manufacturer's installation
instructions and is to be complete, except that any surface that is not intended to be covered when the unit
is installed (such as the exposed side of a recessed unit, an air inlet or discharge opening, or the like) is to
remain exposed. An outlet box or control compartment is to be enclosed.

35.1.5 If operating the unit without restricting the duct connection openings will result in the most severe
operating conditions, the tests may be conducted with no ducts attached if agreeable to those concerned.
Otherwise, short lengths of duct of the same size as the opening to which they are attached, or as
otherwise specified in the installation instructions, shall be provided as necessary with an adjustable

means to restrict the airflow uniformly across the duct area.

35.1.6

If necessary because of the requirement in 38.3, a means is to be provided for

neasuring the

static pressu
center point

35.1.7 The
a metal tube
the hole, to t
by rubber tul]

35.1.8 Pan
to be 5/8 ing

(e in the outlet duct. The means is to consist of a hole 0.040 inch (1.02 mm) imd
f at least one of the side walls of the outlet duct.

ameter at the

inner surface of the wall adjacent to the hole is to be smooth and free from irregularities, and

having an internal diameter of 3/16 inch (4.8 mm) or larger is to.be soldered,
ne outside surface of the duct. Connection of this tube to the manometer gauge
ing or the equivalent.

bls representing a building structural part, such as a floor, wall, or duct or unit g
h (15.9 mm) minimum thickness plywood. The panels are to be painted blac

toward the unit or duct, and all joints are to be sealed.

35.1.9 The
than 2 feet (
completely. T

35110 A1

lengths and widths of the panels specified.ift;35.1.8 are to be such that they e
510 mm) beyond the extremities of the unit if the panels do not enclose the U

centered over
s to be made

nclosure, are
k on the side

tend not less
nit and ducts

he unit and ducts are to be as close to-the panels as their configuration will pernjit.

-inch (25.4-mm) thick insulating blanket having a density not less than 1 pound

(1.6 kg/m®) may be substituted for the wooden enclosure specified in 35.1.8 and 35.1.9

intended for

35.1.11
before install

35.1.12 If4
are to be me
be measured

rero clearance to combustible’ materials.

External thermal insulation; such as glass fiber or mineral wool, is to be removed

ption in the enclosure or insulating blanket.

clearance_is-specified for a unit intended for installation as described in 35.1.3,
asured ondthe inside surfaces of the wooden test enclosure. Otherwise, tempe
by thetmocouples soldered, brazed, or welded to the metal surfaces of the equ
i

nn n

35.2 Supp

35.2.1

per cubic foot
bver surfaces

from the unit

temperatures
ratures are to
pment.

All tests are to be conducted with the unit and any accompanying electrical accessories intended

to function with the operation of the unit electrically connected in accordance with the manufacturer's

instructions.

35.3 Assembly, leveling, and adjustable features

35.3.1 All tests are to be conducted with the unit completely assembled, and with all components
mechanically connected in accordance with the instructions. If a unit is intended to employ one or more air
filters, all filters are to be in place and are to be of the largest size that the unit will accommodate.

35.3.2 All tests are to be conducted with the unit level. Detachable leveling means are to be removed,
and any leveling means that are not detachable are to be so adjusted that the base of the unit will be the
minimum distance from the floor.
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35.3.3 If a unit employs a fan or blower whose speed can be varied and is intended to be set only by the
installer, all tests are to be conducted with the fan speed adjusted to give approximately the rated air
delivery. See 35.3.4.

35.3.4 If a unit employs an adjustable component that is intended to be regulated by the user, and if its
setting could affect temperature test results, all tests are to be conducted with the component adjustment
most likely to produce maximum temperatures or develop faulty performance.

36 Test voltage

36.1 Unless otherwise specified, a unit is to be tested at rated frequency at the potentials indicated in
Table 36.1 asdetailed-in-the. pgrographe Hner\rihing the test

Table 36.1
Test voltages
Rated voltage (volts) Normal test voltage (volts) Overvoltage volts Undervoltage volts
1104120 120 132 102
200208 208 229 117
2204240 240 264 204
254 4277 277 305 235
4401480 480 528 408
550 4 600 600 660 510
Other Rated 110 percent Rated 85 perceht Rated

37 Input Tept

37.1 The cyrrent input to a unit shall notibe more than 110 percent of the rated value when the unit is
operated under the conditions specified\in the Normal Temperature Test, Section 38, and the unit is
connected to ja supply circuit of rated frequency at the applicable voltage specified in Table 36}1.

38 Normal femperature Test

38.1 When fested as described in this section, the observed temperature rise at any des|gnated point
and on any particular.material shall not exceed those indicated in Table 38.1. A temperature| overload, or
overcurrent pfotective-device shall not open the circuit during the tests.

Table 38.1
Maximum temperature rises
Degrees
Device or material C F
A. Motors?
1. Class A insulation systems on coil windings of alternating-current motors having a frame
diameter of 7 inches (178 mm) or less (not including universal motors).
a. Inopen motors —
Thermocouple or resistance method 75 135

b.  Intotally enclosed motors—

Table 38.1 Continued on Next Page
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Table 38.1 Continued

Degrees
Device or material C F
Thermocouple or resistance method 80 144
2. Class A insulation systems on coil windings of alternating-current motors having a frame
diameter of more than 7 inches (178 mm) and of direct-current motors and universal
motors.
a. Inopen motors —
Thermocouple method 65 117
Resistance method 75 135
b. n totally enclosed motors—
Thermocouple method 70 126
Resistance method 80 144
3. ClasqB insulation systems on coil windings of alternating-current motors having a frame
diamegter of 7 inches (178 mm) or less (not including universal motors).
a. n open motors —
Thermocouple or resistance method 95 171
b. n totally enclosed motors —
Thermocouple or resistance method 100 180
4. Clasg B insulation systems on coil windings of alternating-current motérs having a frame
diameter of more than 7 inches (178 mm) and of direct-current moters and universal
motofs.
a. n open motors — 85 153
95 171
Thermocouple method 85 153
Resistance method 95 171
b. n totally enclosed motors —
Thermocouple method 90 162
Resistance method 100 180
B Other Eledrical Components
1. Fieldwiring
Any goint within a wiring compartment in which field-installed conductors are to be
conngcted including stich conductors themselves, unless the unitis marked in
accoridance with-61..14. 35 63
2. Relay, soleneid, and other coils with:
a. [ClassY05 insulated windings —
hermocouple method 65 117
Resistance method 85 153
b.  Class 130 insulated windings—
Thermocouple method 85 153
Resistance method 105 189
3. Sealing compounds® 40°C (104°F) less than its
melting point
Fuses® 65 117
5.  Transformer, relay, and solenoid windings

Class 155 insulations;

Class 2 transformers

Table 38.1 Continued on Next Page
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Table 38.1 Continued
Degrees
Device or material C F
Thermocouple method 95 171
Resistance method 115 207
Power transformers, relays, and solenoids
Thermocouple method 110 198
Resistance method 115 207
6. Transformer, relay, and solenoid windings
Class r8o-tnstiation:
Class R transformers
Thermocouple method 115 207
Resisfance method 135 243
Powel transformers, relays, and solenoids
Thernjocouple method 125 225
Resisfance method 135 243
Coppgr conductor, bare, or insulated, without tinning, nickel coating, or silver plating,
7. excepf as noted in item B8. 175 315
Termination of copper conductor in a pressure terminal connector, unless\both are tinned,
8. nickel{coated, or silver-plated. 125 225
C. Insulated Cpnductors®¢ 25°C (77°F) less than its
temperajure rating
D. Electrical Irfsulation — General
1. Fiber yised as electrical insulation or cord bushings 65 117
2. Phendlic composition used as electrical insulation-or as parts where failure will result in a
risk offfire or electric shock® 125 225
3. Thernjoplastic material® 25°C (77°F) less than its
temperajure rating
4.  Varnished cloth insulation 60 108
E. General
1. Any p¢int on a test enclosure surface at designated clearances from the unit or attached
duct aphd plenums and a surface of a unit or attached ducts and plenums at the point of
contagt with the test-enclosure surface 65 117
2. Unit afr filter 65 117
3. Wood|or othercembustible material which is a part of the unit 65 117
@ The motor diameter is'to be measured in the plane of the laminations of the circle circumscribing the stator frame, £xcluding lugs,
boxes, and the |ike, used solely for motor cooling, mounting, assembly, or connection.

¢ This is a maximum temperature rise.

® The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have been
investigated and found to be acceptable for higher temperatures than those specified in Table 38.1.

9 Inside a unit, the temperature rise on a wire or cord may be greater than the specified maximum rise provided that the insulation
on each individual conductor is protected by supplementary insulation (such as a braid, wrap, tape, or close-fitting tubing) which is
acceptable for the temperature and type of insulation involved.

¢ Includes both casing and ferrule. However, a temperature not more than 20°C (36°F) higher than the values indicated in the table
is acceptable on the casing (not ferrule) of a Class G, J, T, or L fuse.

38.2 A unitis to be installed in accordance with Section 35 and supplied by test voltages in accordance

with Section 36. The unit is to be operated continuously until temperatures stabilize.

38.3 A unit is to be tested in accordance with the manufacturer's recommendation as to static pressure

and at other intended conditions as necessary to determine maximum temperatures.
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38.4 A unitintended only for direct discharge of the conditioned air is to be tested accordingly.

38.5 A unit intended for either duct connection or direct discharge is to be tested under the condition or
conditions that result in maximum temperatures.

38.6 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:

a) on the integrally applied insulation of a coil without a wrap, or

b) on 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-pf-resistance method is to be used if the thermocouple measurement cann6t bg conducted in
accordance yith the foregoing considerations. For a thermocouple-measured temperature gf a motor coil
as mentionefl in subitem 1 of item A and subitem 3 of item A of Table 38.1, the thermocouple is to be
mounted on {he integrally applied insulation on the conductor.

38.7 At a ppint on the surface of a coil where the temperature is affected\by an external spurce of heat,
the temperatyre rise as measured by means of a thermocouple may be’6°C (9°F) for item (a) of subitem 1
of item A of|Table 38.1, 15°C (27°F) for item (a) of subitem 2 ofitem A of Table 38.1, anpd item (a) of
subitem 2 oflitem B of Table 38.1, 10°C (18°F) for item (a) of subjtem 3 of item A of Table 38.1, and 20°C
(36°F) for item 1 of subitem 4 of item A of Table 38.1, more thandhe indicated maximum, provided that the
temperature frise of the coil, as measured by the resistance method, is no more than that specified in the
table.

38.8 Tempgratures are to be measured by thermocouples consisting of 24 — 30 AWG (0.2 — 0.05 mm?)
wires, excepf that a coil temperature may be deterinined by the change-of-resistance methqd if the coil is
inaccessible [for mounting thermocouples. When-the thermocouples are used in determining [temperatures
in electrical ¢quipment, it is standard practice’ to employ thermocouples consisting of 30 AWG iron and
constantan wire and a potentiometer type-instrument; and such equipment is to be used whenever referee
temperature [measurements by thermocouples are necessary. The thermocouple wire is to|conform with
the requirements as listed in the Tolerances on Initial Values of EMF versus Temperature| tables in the
Standard Ypecification and «Jemperature-Electromotive Force (emf) Tables for [Standardized
Thermocouples, ANSI/ASTM.E230/E230M.

38.9 A temperature isyconsidered to be constant when three successive readings, taken gt intervals of
10 percent of the previously elapsed duration of the test (but no less than 5-minute intervalg), indicate no

erm A y v f the material
whose temperature is being measured, and the adjacent thermocouple lead wire is to be secured to
prevent movement. In most cases, thermal contact will result from securely taping or cementing the
thermocouple in place but, if a metal surface is involved, brazing or soldering the thermocouple to the
metal may be necessary.

38.11 The values in Table 38.1 are based on an assumed ambient-air temperature of 25°C (77°F), but a
test may be conducted at any ambient-air temperature within the range of 10 — 40°C (50 — 104°F).
However, if the operation of an automatic thermal control during the test limits the temperatures under
observation, no observed temperature higher than 25°C plus the specified maximum rise is acceptable.

38.12 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.
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39 Overflow Tests

39.1 If a test is considered necessary to determine if a unit complies with the requirement in 6.8, it is to
be performed as follows. The unit is to be leveled in any intended mounting position likely to cause wetting
of electrical components. 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. The test is to be conducted

with the fan motor energized.

40 Motor O

40.1

verload Tests

horsepower (
a risk of fire w

Exception: Te
a) The
b) The

c) The
rating
not ovi

40.2 The m
indicated in T
motor.

40.3 Them
determined d

Exception Noj
— 79°F), in nd
specified in
operation ang

Exception Nd
50°C (77 — 12

#0.4 and 40.5-reduced by the difference between the ambient encounterg

11.2 kW output) or less. The motor shall not burn out and there shall not be othe
hen tested in accordance with 40.2 — 40.5.

sts in accordance with 40.2 — 40.5 are not required if all of the following‘Conditio
motor is rated over 1 horsepower (746 W output).
motor is located where it is not affected by an external source of heat.

overload relay is selected to trip at not more than 125 percent of the motor ful
for a motor with a marked service factor not less than*1.15 or with a marked tem
er 40°C (72°F), and 115 percent for any other motor.

btor and protective device combination ist6-be connected to a supply circuit
hble 36.1. Temperatures are to be measured by thermocouples on the surface
btor and protective device shall’be tested in the ambient encountered in normal

iring the Normal Temperature Test, Section 38.

1: A motor that is subjected to an ambient higher than normal room ambient, 2
rmal operation may.be tested in a lower ambient with the maximum allowable

the test ambient.

. 2. A ambient compensated protective device may be tested in any ambi€
2°F):

A moter—overcurrent prnfnr\h\ln device—as-described-in-222 1 (h) shall prnfnr\f a—motor rated 15

r evidence of

s exist:

-load current
perature rise

bf voltage as
bf coils of the

bperation, as

5—-26°C (77
emperatures
d in normal

nt from 25 —

40.4 When

g motor 1S operating under the maximur overtoadthat it tam carry without

causing the

protective device to function, the maximum acceptable temperature on a Class A insulated motor winding
is 140°C (284°F) and is 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 th

e motor shaft.

40.5 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 is 175°C (347°F) thereafter. After the
first hour of operation, the average temperature, that is, the average of:

a) the

arithmetic mean of the maximum temperatures and

b) the arithmetic mean of the minimum temperatures is not acceptable if it is higher than 150°C

(302°F

).


https://ulnorm.com/api/?name=UL 1812 2022.pdf

MAY 3, 2022 UL 1812 75

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.

40.6 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.

41 Switch Overload Test
41.1 If it is necessary to conduct this test to comply with the requirement in 29.5, there shall be no

electrical or mechanics ent affecting its
intended fun( t|on|ng.

41.2 In atgst to determine if the switch or other control device is capable of performing acdeptably in the
overload tes{ mentioned in 41.1, the unit is to be connected to a grounded supplyeircuit of rated frequency
and normal {est voltage, see Table 36.1, with the rotor of the motor locked jin‘position. Dyring the test,
exposed dedd metal parts of the unit are to be connected to ground through a 3-ampere ffuse, and the
connection ig to be such that any single pole, current-rupturing device, wilbbe located in the¢ ungrounded
conductor of|the supply circuit. If the unit is intended for use on direet current, the exposed dead metal
parts of the init are to be connected so as to be positive with respect to a single pole, current rupturing
control device. The device is to be operated for 50 cycles at a rate. of 6 — 10 cycles per minute; however, a
faster rate ¢f operation may be employed if agreeable to“those concerned. The pgrformance is
unacceptablg if the fuse in the grounding connection is blown'during the test.

42 Dielectric Voltage-Withstand Test

42.1 A unit[shall withstand without breakdown. for1 minute the application of a DC potential or an AC 60-
hertz potentigl between high-voltage live parts and dead metal parts, and between live parts of high-
voltage and Ipw-voltage circuits. The test potential shall be as shown in Table 42.1:

Table 42.1
Dielectric Voltage Withstand Voltages
Unit.under test Test potential Test|potential
VAC vV DC

Low-voltage cifcuit 500 700
Motors rated af not more than 1/2 horsepower (373 W output) and not 1000 1400
more than 250|volts.
Secondary circ at 1000 1400
250 volts or less
Secondary circuit of a transformer or autotransformer that operates at 1000 + 2V 1400 + 2.8\°
251 -600 volts
Other than noted in the previous lines 1000 + 2V 1400 + 2.8\°
@ Maximum marked voltage.

42.2 To determine if a unit complies with the requirement in 42.1, 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 it can be demonstrated that the test equipment will detect a
breakdown.
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43 Insulation Resistance Test
43.1 A unit employing:

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,

shall have an insulation resistance not less than 50,000 ohms after exposure for 24 hours to moist air

having a relat

ive humidity of 85 15 percent at a temperature of 32 £2°C (90 +4°F). See 20.2.

43.2 Insulat
30,000 ohms

44 Overvol

44 1
low-voltage o
operate sucg
described in 4

44.2 If limits
voltage exten
for the Overv

443 A rela
ambient-temg
requirement i

444 The p
continuous d
indicated ove
is then to be
normal test v
constant tem
relay and sole

445 Ifthelq

Other fhan as indicated in 44.2 and 44.3, an electromagnet as employéd on a relay or

on resistance may be measured by means of a voltmeter having an intefnal
and a 250-volt direct current circuit or by an equivalent method.

age and Undervoltage Tests

ircuit shall withstand 10 percent above the normal test voltage without dama

14.4 or 44.5, whichever applies.

of operating voltage that may be marked on the unit nameplate in addition
d beyond the overvoltage and undervoltage-values specified in Table 36.1, the
bltage and/or Undervoltage Test is to be sueh marked operating voltage limit.

y or solenoid that is rated for the\voltage and operating conditions involv
erature conditions, is not required to be tested in the unit to determine if it com
n44.1. See 5.1 —5.2.

fimary of a low-voltage._fransformer provided as part of the equipment a

rvoltage until the cails of the relays and solenoids reach constant temperature.
reduced to the normal test voltage. Each relay and solenoid is to operate pn

peratures_Fhe potential is then to be reduced to the indicated undervoltage co
noid is toJoperate properly under the undervoltage test condition.

w-voltage transformer is not provided as part of the equipment, the normal test

resistance of

solenoid in a
ge and shall

essfully at 15 percent below the normal test voltage, See Table 36.1, whe¢n tested as

to the rated
test potential

ed, including
blies with the

nd supplying

uty relays and solenoids is to be connected to a supply source and mainfained at the

The potential
pperly at the

oltage. The_potential is to be maintained at the normal test voltage until the coils reach

hdition. Each

boltage is the

voltage rating of the Tow-voltage circuit, and the overvoltage and undervoltage potentials applied to the
relays or solenoids are 110 and 85 percent, respectively, of the voltage rating. A relay or solenoid that will
not be subject to continuous operation is to be energized 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.

45 Tests for Polymeric Materials
451

General

45.1.1 The tests for polymeric materials in this section are to be conducted as indicated in Table 12.1.
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45.1.2 Materials shall be classed 5V, V-0, V-1, V-2, HF-1, HF-2, HBF, or HB by the burning tests
described in the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94. The tests may be conducted on specimens cut from the finished part.

Exception: A material is to be considered equivalent to 5V if the finished part complies with the

requirements in 45.2.1 — 45.2.3.

45.2 Flammability — 5 inch flame

45.2.1

The test is to be conducted employing the apparatus and test method described for the Vertical

Burning Test for Classifying Materials 5V in the Standard for Tests for Flammability of Plastic Materials for

Parts in Dey,

rt or sections

obtained fron
most critical

45.2.2 Sets

received" codition, and the other sets are tested after aging:

a) as

structural part, or

b) at
functi

If a polymeri
set of conditi

Exception: T
conditions arn
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prope
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PP T T 1 1 g g

h the finished part are to be tested with the flame applied to areas of the parf
vith respect to ignition.

of at least three samples each are to be provided for test. Onehset is test]

detailed in the air oven aging exposure if the polymeric material’is used as an ¢

D0°C (194°F) for 168 hours if the material is used as thermal or acoustical insy
bnal part.

C material is used as indicated in both (a) apd (b) above, it is to be aged at the
DNS.

he test may be conducted on only three unconditioned test samples if both of
e met:

e material used as the .entlosure does not exhibit a reduction in its flaf
rties as a result of long-termthermal aging.

b thermal-aging program used for such determination included specimens havin
to or less than the wall thickness of the polymeric enclosure.

of the threé:samples from each set shall show acceptable performance as foll
htinue to-flame or exhibit consuming combustion for more than 1 minute
f the test’flame. Particles shall not drip from the specimen at any time during

judged to be

ed in the "as

nclosure or a

lation or as a

more severe

the following

ne-resistance

g a thickness

bws: samples
after the fifth
the test. The

is iot-acceptable if the material is destroyed in the area of the test flame to suc
ndition th I It in a risk of fire, electric shock, or inj

to produce a

45.3 Heat deflection test

45.3.1

an extent as

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.

45.3.2 The heat deflection temperature is to be measured in accordance with the requirements for
Deflection Temperature of Polymeric Materials Under Load in the Standard for Polymeric Materials — Short
Term Property Evaluations, UL 746A, at a loading of 66 psi (455 kPa) fiber stress.

45.4 Water absorption test

45.4.1 The percentage of water absorption by weight of a polymeric part shall not exceed 1-1/2 percent.
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Exception: If dimensional changes in any measurable direction on the sample tested do not exceed 1/10 of
1 percent, the percentage of water absorption by weight may be not more than 2 percent.

454.2 Three samples approximately 1 by 2 by 1/8 inch (25.4 by 51 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 weight is to be calculated.

45.5 Air-oven aging

45.5.1 Spegimens—of apolymericpartareto-be aged-ina-full-draft—circulating—air-oven at the aging
temperature and time determined by the intended use of the finished part in accordance with Jable 45.1.

Table 45.1
Aging temperature and time
Maximum normal operating Aging temperature degrees Aging time,

Inter{ded use® temperature degrees C (F)° c (F) hours
Enclosure (inddor 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 is|jused as both an enclosure and a structural part, it is to be subjected to the aging condition shown fof structural
parts.
® If normal operpting temperature is between two values shown in table, the higher of these two values is used in defermining the
aging conditionk.

45.5.2 Following the air-Gven aging, the specimens are to be subjected to the Flammability [Test required
for the materfal application and to the Tensile-Strength, Flexural-Strength, 1zod Impact, or Tensile-Impact
Tests, if required forl the material application. See Table 12.1 and Table 12.2 and the applicable tests
described in this séction.

45.6 Tensile-strength test

45.6.1 The tensile strength of a polymeric part after air-oven aging:
a) shall not decrease more than 50 percent and

b) shall be essentially stabilized.

45.6.2 The tensile strength is to be determined in accordance with the procedures of Standard Test
Methods for Tensile Properties of Plastics, ASTM D638, on samples in the "as-received" condition and
after the appropriate air-oven aging.
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45.7 Flexural-strength test

45.71 The

flexural strength of a polymeric part after air-oven aging:

a) shall not decrease more than 50 percent and

b) shall be essentially stabilized.

45.7.2 The test is to be conducted in accordance with the procedure of Standard Test Methods for
Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials, ASTM
D790, on appropriate samples in the "as received" condition and after air-oven aging.

45.8 lzod impact test

45.8.1 The

a) sh

b) sh

458.2 The
accordance
Resistance g

45.8.3
of the part in
Impact Test.

459 Tensile-impact test

459.1 The
a) sh

b) sh
459.2 The

accordance
Electrical Ins

!

If the 1zod Impact Test is not considered appropriate on the basis of the material and

I

Izod impact strength of a polymeric part after air-oven aging:
Il not decrease more than 50 percent and

Il be essentially stabilized.

test is to be conducted on samples obtained form the finished part and is to be
with the procedure of Standard Test Methods for Determining the Izod Pen
f Plastics, ASTM D256.

volved, Tensile Impact Tests, as specified in’45.9.1, are to be conducted in lig
See 45.9.1.

tensile impact strength of a polymeric part after air-oven aging:
Il not decrease more than 50 percent, and

Il be essentially stabilized.

test is to béteonducted on samples obtained from the finished part and is to be
vith theptocedure of Standard Test Method for Tensile-Impact Energy to Breal
ulating'Materials, ASTM D1822.

45.10

45.10.1

Impacttest

conducted in
Julum Impact

the thickness
tu of the lzod

conducted in
Plastics and

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 which
defeats its intended use.

45.10.2 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.

45.10.3 A decorative part not necessary for the operation of the unit and which does not serve as the
enclosure of uninsulated live parts need not comply with the requirements of 45.10.1 or 45.10.2.

45.10.4 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 (51 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.

45.11 Volume resistivity tests

45.11.1 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 percent at a temperature of 32 +3°C (90

1+5°F) for 96 h

4511.2 The
Conductance
Evaluations,

of the finisheg

ours.

test is to be conducted in accordance with the procedure of Tests for |[D-C R
of Insulating Materials in the Standard for Polymeric Materials )< Short T¢
L 746A, on samples measuring 2 inches (51 mm) in diameter and-in the minim
part.

46 Short-Circuit Tests

46.1 Device

s and conductors as referenced in 14.2.11, 16.19,)16.20 and 22.3.1 shall wit

circuit and grgund-fault conditions when protected by either:

a) a device that is acceptable for branch-circuit praotection and located in the product,

b) a |

ranch-circuit protective device of the {ype and maximum rating specified on

namejplate, or

c)afu

Se as specified in 46.3.

Specifically, there shall be no damage to conductors or their terminations, no ignition of]

surrounding t
and low-volta

46.2 Forthg
a) Cirg
b) Fug

he enclosure housing of the components under test, and no arc-over betweer
pe circuits.

purpose of these tests:
uit breakers and fuses are not considered to be interchangeable,

es.of the same rating are considered to be interchangeable,

esistance or
erm Property
Um thickness

nstand short-

the product

cheesecloth
line-voltage

c) Circuit breakers of the same rating are considered to be interchangeable, and

d) Other types of circuit breakers are not considered to be interchangeable with each other or with

circuit

46.3

breakers.

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, ANSI/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.

46.4 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 46.1. Each concurrent-load condition is to be
considered separately, and the maximum resulting current employed as the basis of selection of the
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capacity of the test circuit. The voltage source for the test circuit is to be an alternating voltage and the
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 46.1
Short-circuit test currents

Circuit capacity

Product ratings, amperes amperes
Single phase
110-120V 200 -208 V 220-240V 254 -277V
9.8 or less 5.4 orless 4.9orless - 200
9.9-14.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-40.0 - 3500
Over 8(.0 Over 44.0 Over 40.0 Over 6.65 5000
Three phase Circyit Capacity
200 - 208V 220-240V 440 -480V 550 600 V Amperes
2.12 or lgss 2.0 orless - - 200
213-37 21-35 1.8 orless 1.4 orless 1000
3.8-9J5 3.6-9.0 - - 2000
9.6-233 9.1-22.0 - - 3500
Over 23.3 Over 22.0 Over 1.8 Over 1.4 5000

46.5 Three|samples of each component under test are to be subjected to each test conditipn and a new
protective dgvice is to be used for each test. Consideration is to be given to both short-circuit and ground-

fault conditiops.

47 Starting Test

471 The tgst is to be conductéd on any product marked to specify a maximum size of |supply-circuit
overcurrent grotection that is less‘than the sum of:

a) fodr times the ‘rating of the largest motor (or 2.25 times that rating if time-delay fuses are

specified) and

b) the totalrating of all other loads.

The ratings referenced-are to bethose specified omthe product mameptate-See 60-12:

47.2 The product and four fuses of the type and rating specified on the product nameplate are to be
connected in series. The product is to be operated for 1/2 hour under the conditions specified in 37.1 and
then is to be stopped. The product is to be restarted immediately after the fan stops. If one of the four
fuses opens on the restart, it is to be shorted out of the circuit and the test repeated. If one of three
remaining fuses opens, the results are not acceptable. An automatic-reset motor overload protective
device may open on the restart, but the product shall ultimately restart and run as intended without
continuing operation of automatic-reset motor overload protective devices and without opening of a
manual-reset motor overload protective device.
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48 Overload Test — High-Voltage Transformer

48.1 This test applied to a high-voltage transformer provided with thermal protection of other than the
nonrenewable thermal cutoff type. See 28.1.2.1.

48.2 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 48.3 and 48.4. 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.

48.3 A variable resistance load is to be connected to the output terminals and the transformer operated

continuously
device that, in
The test amb
that the trans
insulation rati

48.4 Three

the three sanpples shall not exceed the winding insulation rating and the\temperature of any

shall not exce

48.5 The trd
test specified

49 Burnout

49.1 When

a) no ¢mission of flame or molten metalfrom the unit enclosure, and

b) no émission of smoke into an.aif.handling compartment.

Exception: TH
protection of|
overcurrent d

49.2 Three
and at rated

t the-normaltestvoltage-indicated-in-Table- 36 1 -lf the prnfnr\ﬁ\ln device-control

J —_—
turn, interrupts primary current to the transformer, the switching device is to be
ent temperature is to be approximately 25°C (77°F). The resistance load is\to’b¢
former winding is brought to a stabilized temperature of approximately 102C (18
Ng. The load is then to be gradually increased until operation of the protector oca

samples of the transformer-protector combination are to be tested. Average ten

ed the insulation rating by more than 5°C (9°F).

nsformer shall comply with the Dielectric Voltage-Withstand Test, Section 42,
in 48.3 and 48.4.

Test — High-Voltage Transformer

b high-voltage transformer is tested ag'described in 49.2 and 49.3, there shall beg:

is test does not apply to a high-voltage transformer that is provided with then
other than the nohrenewable thermal cutoff type (see 28.1.2.1) or that is
pvices in accordance with the requirements in 28.1.3.1.

samples_of‘the transformer are to be tested at the normal test voltage specified

and operatio
transformer

b

ehelosure, unless burnout occurs earlier.

requency with the enclosure grounded. The test ambient temperature is to be
is.to.be continued until constant temperatures are indicated by a thermoc

a switching
in the circuit.
e adjusted so
°F) below its
urs.

hperatures of
one sample

following the

mal overload
protected by

in Table 36.1
25°C (77°F)
buple on the

49.3 The load connected to the output terminals is to be the highest of the following and is to be
readjusted to the specified value after 2 minutes of operation, if necessary, with no further readjustment
during the test.

a) A resistance load to provide a current equal to three times the full rated transformer secondary
current;

b) If the transformer supplies a motor with or without additional loads, a resistance load to provide a
current equal to the motor locked-rotor current plus any additional loads; or

c) If the transformer supplies an inductive load (other than a motor), such as the coils of relays,
solenoids, and the like, a resistance load to provide a current equal to the sum of such loads with
the armature of the largest blocked open.
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Exception: The test may be conducted with the output terminals short-circuited if this results in less
than three times rated secondary current.

50 Grounding Means Overload Test
50.1 The test specified in 50.2 is to be conducted only if required by 16.19 or 16.20(c).

50.2 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 50.1.

Table 50.1
Duration of current flow, bonding conductor test

Rating of overcurrent protection device, amperes Minimum duration of current flow, mjnutes

30 orless
31-60
61—100
101 —200

@ o IhON

51 Condensation Test

51.1 An agpliance operating under the conditions described in 51.2 and 51.3 shall hgve a surface
temperature jon all live electrical components exposed to,ambient air or the warm exhaust pir (Station 3,
Figure 51.1),[greater than the minimum permissible temperature as determined in 51.4.

Figure 51.1

Condensation test

Control temperature
chamber \

g

Airflow —s== To

4 )
Pt

& |
// Y

Heat recovery

ventilator \
T1

Legend:

1 = 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

S3615
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51.2 The appliance shall be installed in a test facility as shown in Figure 51.1. Test chamber air
temperature shall be maintained at 20 £1°C (36 +2°F) above the air temperature entering the appliance
(Station 1). The airflow rate entering the equipment shall be adjusted to the manufacturer's maximum
recommended value.

51.3 The temperature shall be considered constant when three successive readings taken at 10 minute
intervals indicate no change, but not less than 1 hour elapsed duration of the test.

51.4 The minimum permissible temperature shall be computed by means of the formula:

T,=08T,+02T,

in which:
T, is the air temperature of test chamber, degrees C,
T, is the air temperature entering the heat recovery ventilator, degrees’C, and

T, is the minimum permissible temperature, degrees C.
52 Leakageg Current Test

52.1 A cord-connected appliance rated for a nominal, 240 volt or less supply shall pe tested in
accordance With 52.3 — 52.6. The leakage current shallknot exceed:

a) 0.5|milliampere for an ungrounded 2-wiréproduct,

b) 0.5 [milliampere for a grounded, 3-wire, portable product, and

c¢) 0.7% milliampere for a grounded, 3-wire, product:

1) employing a standard attachment plug rated 20 amperes or less and

2) intended tobe-fastened in place or located in a dedicated space.

Exception: THe leakagé€ &urrent shall be no more than 3.5 mA under the following conditions:

a) Thg product is rated 20 A or less,

b) Th product requires—electromagnetic field suppressionfiltering for compliance with EMI
18—pFoaHct—egtHesS—e+e6HoHaghReHc—HEea—SHPPFESSIOH—HHB HIRG—o4 HIPHSAC

regulations; and

¢) The product is equipped with a grounding-type power supply cord and plug.

52.2 Leakage current refers to all currents, including capacitively coupled currents, that may be
conveyed between exposed conductive surfaces of an appliance and ground or other exposed conductive
surfaces of an appliance.

52.3 Currents from these surfaces are to be measured to the grounded supply conductor individually as
well as collectively where simultaneously accessible. Parts are considered to be exposed surfaces unless
guarded by an enclosure considered acceptable for reducing the risk of electric shock as determined in
accordance with 9.5.1 — 9.7.8. Surfaces are considered to be simultaneously accessible if they can be
readily contacted by one or both hands of a person at the same time. These measurements do not apply
to terminals operating at voltages that are not considered to involve a risk of electric shock. If all accessible
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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.

52.4 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 centimeters in contact with
the surface. If the surface has an area of less than 10 by 20 centimeters, 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.

52.5 The measurement circuit for leakage current is to be as illustrated in Figure 52.1. The measurement
instrument is defined in (a) — (d). The meter that is actually used for a measurement need only indicate the
i i i i e meter used

need not haVe all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by’ a cppacitance of
0.15 fnicrofarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
the vqgltage 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
respanse — ratio of indicated to actual value of current — egual 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 percent at 60 heftz.

d) Unless the meter is being used to measure leakage from one part of an appliance tp another, the
meter is to be connected between the accessible.parts and the grounded supply conductor.
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Figure 52.1

Leakage current measurement circuits
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Notes:
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of product to another.
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52.6 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 Test voltage, Section 36. The test sequence, with reference to the measuring circuit,
Figure 52.1, 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

a" th ;I IIUIIIIG: Upclat;l Iy pUOItIUI 19.

c) The leakage current is to be monitored until thermal stabilization. Both positians.of [switch S2 are
to be used in determining this measurement. Thermal stabilization is to be obtained by operation as
in the|normal temperature test.

interruption fpr other tests. However, with the concurrence of those concerned, the leakage current test

52.7 Norm%ly the complete leakage current test, as described in 52.6, is to be condycted without
may be interfupted to conduct other nondestructive tests.

53 Contindity of Grounding Circuit Test

53.1 The r¢sistance shall not be more than 0.1 ohm between any point required to be grounded, as
specified in 16.1, and:

a) For an appliance intended for permanent electrical connection, the point on the| enclosure at
whicH the power-supply system will be connected.

b) Fof a cord-connected appliance employing a grounding conductor in the cord, the point to which
the griounding conductor of the power-supply cord is connected.

54 Humidity Conditioning Test

54.1 After gonditioning as specified in 54.2 a cord-connected appliance:
a) Shall complywith the Dielectric voltage-withstand requirements in Section 42; and

b) Fdr an<appliance rated 240 volts or less, the leakage current shall not be more than the
appligablewalue in 52.1.

54.2 For the conditioning mentioned in 54.1, a sample of the appliance is to be heated to a temperature
just above 34°C (93°F) to reduce the likelihood of condensation of moisture during conditioning. The
heated sample is then to be placed in the humidity chamber and conditioned for 48 hours in air having a
relative humidity of 88 +2 percent and a temperature of 32 £2°C (90 +4°F). Following the conditioning:

a) The appliance is to be tested unenergized as specified in 52.6(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 52.6(b) and (c). The test is to be discontinued when the
leakage current stabilizes or decreases.

b) An appliance shall comply with the dielectric voltage-withstand requirements in 42.1.

54.3 Insulation resistance is to be measured by means of a high-resistance voltmeter using a 250-volt,
direct current circuit.
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55 Strain Relief Test

55.1

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: As provided in 55.3.

55.2 A 35-pound (16-kg) weight is to be suspended from the cord and supported by the appliance so that
the strain-relief means will be stressed from any angle the construction of the appliance permits.

55.3 The st
30 pounds (1
uninsulated c

55.4 For thg
cord in the in
withstand tes
the as-receiv
subjected to t

a) The
tempe
during

b) The
42 wit

applie
the cle

c) The

ain relief means provided in a through cord switch shall withstand for 1 minute/a
33 N). The strain relief is not acceptable if a conductor is detached from\a' te
bnductor of the cord is exposed.

construction mentioned in 13.3.2.3, six samples of the clamp that have been s
ended manner are to be used. Three samples are to be subjected to the Dielg
specified in Section 42 and shall then comply with the strain-relief tests specifi
bd condition. Three samples shall comply with the requirements specified in 55
he following procedures:

rature of 70°C (158°F) or 10°C (18°F) higher.than the temperature recorded
the Temperature Test, Section 38, whichevepis greater.

samples are then to be subjected to the\Dielectric voltage withstand test specifi

n the value of the applied potential based on the rating of the appliance. The pot
H between conductors, and if the clamp is metal, the potential is also to be app
mp and all conductors spliced tagether.

conditioned samples then'are to be cooled at room temperature.

56 Push-Back Test

56.1 The sy
when such di

pply cord shall be prevented from being pushed into the product through the cg
Eplacement; is-ikely to:

a) Subject the-cord to mechanical damage or to exposure to a temperature higher

which

the'cord is rated;

direct pull of
rminal or an

ecured to the
pctric voltage
ed in 55.1, in
1 after being

samples are to be placed for 168 hours in a forced-draft air-circulating oven maintained at a

bn the clamp

ed in Section
ential is to be
lied between

rd entry hole

than that for

b) Reduce spacings (such as to a metal strain relief clamp) below the minimum intended values, or

c) Damage internal connectors or components.

56.2 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 m) increments until the cord buckles or the force to push the cord into the product exceed 6
pounds-force (26.7 N) The supply cord, within the product, is to be manipulated to the worst case position
during the test to determine compliance with 56.1.
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57 Controls — End Product Test Parameters

57.1 General

57.1.1 Spacings of controls shall comply with the electrical spacing, or clearances and clearance

distance requirements of the applicable control standard as determined in Controls, Section 30.

57.1.2 Where reference is made to declared deviation and drift, this indicates the manufacturer’'s

declaration o

f the control’s tolerance before and after certain conditioning tests.

57.2 Auxiliary controls
57.2.1 Auxiliary controls shall not introduce a risk of electric shock, fire, or personal injury.
57.2.2 Auxfliary controls shall comply with the requirements of this end product standard.
57.3 Operdting controls(regulating controls)
57.3.1 The| following test parameters shall be among the items  considered when
acceptability|of an operating control investigated using the Standard for Automatic Electrig
Part 1: Genefal Requirements, UL 60730-1:
a) Coptrol Types 1 or 2;
b) Unless otherwise specified in this standard, manual and automatic controls shall
6,000 cycles with under maximum normal “load conditions, and 50 cycles un
condifions;
c) Ingtallation Class 2 per Electromagnetic Compatibility (EMC) — Part 4-5: Testing
Techniques — Surge Immunity Test, IEC 61000-4-5;

d) Fo
e) Fo

f) For

Appendix B

the applicable Overvoltage Category, see Table 57.1;
the applicable Material Group, see Table 57.2;

the applicable Pollution Degree, see Table 57.3.

rovides-more examples of controls intended to be used as operating controls.

Table 57.1

judging the
al Controls —

be tested for
der overload

Measurement

Overvoltage categories

Appliance Overvoltage category

Intended for fixed wiring connection
Portable and stationary cord-connected

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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