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INTRODUCTION

1 Scope

1.1 These requirements cover power ventilators of the roof-and wall-mounted types and duct fans of the
straight-through type intended for commercial or industrial use, residential fans intended for heated and
conditioned air and for connection to permanently installed wiring systems in accordance with the National
Electrical Code, NFPA 70.

1.2 These requirements also cover dryer exhaust duct power ventilators (DEDPV) for single residential

dryers.

1.2.1

These|

requirements cover roof or wall-mounted ventilators and duct fans of the™s

type for restadyirant exhaust appliances.

1.2.2

1.2.3

These|

These|

requirements cover power ventilators for restaurant exhaust appliances.

requirements cover power ventilators for smoke control systems:

1.3 These r¢quirements do not cover the following:

a) Ver
canop

b) Air-
c) Dry
d) Hou
e) Eva
f) Air fi
g) Ded
h) Cor

i) Low

tilating equipment such as attic, wall-insert, ceilingéinsert, household hood, W
y fans or blowers;

moving equipment with integral air-tempering-means;

br type fans used for drying carpets orfloors;

sehold and commercial blower.inflator type fans;

porative coolers; Evaporativescooler pumps, including retrofit pumps;
tering appliances;

dorizers and air.fresheners;

hponent fans;

voltage\component fans;

j) Fans

raight-through

indow fans, or

andblowers that circulate air, such as desk, ceiling-suspended, and hassock

fans;

k) Ventilators rated more than 600 volts;

) Vent

m) Air

ilators employing universal motors rated more than 250 volts;

heaters equipped with fans;

n) Draft fans for furnaces;

o) Heating-ventilating units;

p) Blowers employed as components in equipment such as furnaces, mechanical-refrigeration
equipment, or air conditioners;

q) Fusible links and similar equipment that may be provided to disconnect a fan or close shutters in
the event of fire;
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r) Ventilators specifically intended for use in exhausting any of the following: gases other than air,
atmospheres causing corrosion to the ventilator, air with water spray, or flammable vapors; or

s) Ventilators for the removal or conveyance of dust, stock, or refuse.

t) Microwaves, ventilating and otherwise; and

u) Duc
2 Glossary

2.1

2.2 CAPACI]

the capacitor

Examples wol

Note 1 X1 capacit
separate surge pr

Note 2 X2 capacit

2.3 CAPACI]

the capacitor

primary and s

between haza

Note 1 Y1 capaci
capacitor. Two Y2,

Note 2 Y2 capac

ground for circuits operating at voltages = 150V and £ 300V.

Note 3 Y4 capac

ground for circuits| operating at voltages <«450V.

2.4 CIRCUIT,

by a primary
transformer a

Class 2 transf

meets the req

current, is not

ted and non-ducted heat recovery units.

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

[OR, CLASS X — Capacitor or RC unit of a type suitable for use in situatiops w
pr RC unit would not lead to danger of electrical shock but could result“in
Id be units connected phase to phase or phase to neutral.

prs are generally used in circuits of permanently connected appliances. However, ifithe appliance
btective device that limits the impulse voltage to < 2.5KV, an X2 capacitor is permitted.

brs are generally used in circuits of cord-connected appliances.
[OR, CLASS Y — Capacitor or RC unit of a type suitable for use in situations w

econdary circuits where electrical isolation “is”required to prevent an eleg
rdous live parts and accessible parts.

ors are used in circuits where the prevention of electric shock is afforded solely by the isolatio

tors are used where the prevention (of électric shock is provided by the combination of the ca

tors are used where the prévention of electric shock is provided by the combination of the ca

CLASS 2 —An-low voltage circuit with a power of 100 VA or less; or has 30
battery; or,is* supplied by a Class 2 transformer; or is supplied by a con
d fixedimpedance that, as a unit, complies with all the performance requi
brmer;-or is supplied by a power supply (such as a switching power supply)
|rements of a Class 2 circuit. A CIrCUIt that |s derived from a CIrCUIt that exd

conS|dered to be a class 2 cwcwt

here failure of
a risk of fire.

s provided with a

here failure of

ould lead to danger of electric shock. Examples:would be capacitors connecfed across the

tric shock or

provided by the

capacitors connected in series is considered\to provide the same level of protection as one Y1 capacitor.

pacitor and earth

pacitor and earth

\V dc supplied
bination of a
rements for a
whose output
eeds 30 V by

¢ voltage and

2.5 CIRCUIT, LOW-VOLTAGE - A circuit that has an ac potential of not more than 30 V rms (42.4 V peak

or 30 V dc).

2.6 CIRCUIT, HAZARDOUS VOLTAGE - A circuit of any voltage exceeding those of an low-voltage

circuit.

2.7 DUCT FAN - A ventilator installed within a duct or provided with flanges for connection to a duct and

which may be

used with heated air within the duct.

2.8 FIELD WIRING TERMINAL — A terminal to which a wire may be connected in the field, unless the
wire and a means of making the connection — such as a pressure terminal connector, soldering lug,
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soldered loop, or crimped eyelet — that is factory assembled to the wire or provided as part of the

ventilator.

2.9 MOTOR

S—

a) Open Motor — A motor having ventilating openings that permit passage of external cooling air
over and around the windings of the motor.

b) Totally Enclosed Motor — A motor that is enclosed so as to prevent the free exchange of air
between the inside and outside of the case but not sufficiently enclosed to be termed airtight.

c) Totally Enclosed Fan-Cooled Motor — A totally enclosed motor with external cooling by a fan or

fans i

tegral with the motor but external to the enclosing parts

d) Ele
contro
invertq

and oytput levels of the signal. The control is often used to provide proteetive functi

overhd

2.10 POWEH
centrifugal, ax

a) Ins
openirn

b) Pro

2.11 SAFET
relied upon to

2.12 VENTI

3 Units of Measurement

3.1 Values {
approximate i

4 Undated

. The control provides an AC electric signal (typically non-sinusoidal) to th
r/switching power supply. The sensors and other electronics on the‘control ag

ating or mitigate other hazardous conditions.

R VENTILATOR - An air-moving appliance consisting of@n impeller — which
ial, or propeller type — and an integral driver. A power-véntilator is:

alled in a weather-resisting base intended to.fit, usually by a curb, over
g; or

ided with flanges for connection to a duct;

reduce the risk of fire, electric shock or casualty hazards.

| ATOR — A power ventilatgr'or a duct fan.

tated without parentheses are the requirement. Values in parentheses are
hformation.

References

41 Anyun

Ctronically Commutated Motor (ECM) — A motor assembly consisting .of|theé motor and a

e motor by an
just waveform
ons to prevent

may be of the

a wall or roof

Y CRITICAL FUNCTION — Contral“protection and monitoring functions which are being

bxplanatory or

ted reference to a code or standard qplnnnring inthe rpquirpmnnte of this st

ndard shall be

interpreted as

referring to the latest edition of that code or standard.

CONSTRUCTION

5 Components

5.1 General

511 Acom

ponent of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in 5.2 — 5.6 or the individual
component section;

b) Be used in accordance with its rating(s) established for the intended conditions of use;
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c) Be used within its established use limitations or conditions of acceptability; and
d) Additionally comply with the applicable requirements of this end product standard.

Note — 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.

Exception No. 1: A component of a product covered by this standard is not required to comply with a
specific component requirement that:

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

b) Is syperseded by a requirement in this standard, or

c) Is s¢
used w

parately investigated when forming part of another component, provided the
ithin its established ratings and limitations.

component is

Exception No.
5.6 or the indiy

2: A component complying with a UL component standard. other than those
idual component section is acceptable if:

cited in 5.2 —

a) Thel component also complies with the applicable component standard of 5.2
individial component section; or

— 5.6 or the

b) The component standard:

1) Is compatible with the ampacity and overcurrent protection requirements df the National
Electrical Code, ANSI/NFPA 70, where-appropriate;

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

5.1.2 A com
ground-fault g
thereof, shall g

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

3) Any use limitations (ofy'the other component standard is identified and
accommodated in the end use application. For example, a component used i
application, but intended for industrial use and complying with the releva
standard may assume user expertise not common in household applications.

bonent that is also intended to perform other functions, such as over curre
ircuit-interruption, surge suppression, any other similar functions, or any
omply-additionally with the requirements of the applicable UL standard(s) that

L 746B, and

appropriately
n a household
ht component

nt protection,
combination
cover devices

that provide thpse\fdnctions.

Exception: Where these other functions are not required for the application and not identified as part of
markings, instructions, or packaging for the appliance, the additional component standard(s) need not be
applied.

5.1.3 A component not anticipated by the requirements of this standard, not specifically covered by the
component standards of 5.2 — 5.6 or individual component sections and that involves a potential risk of
electric shock, fire, or personal injury, shall be additionally investigated in accordance with the applicable
UL standard, and shall comply with 5.1.1 (b) — (d).

5.1.4 With regards to a component being additionally investigated, reference to construction and
performance requirements in another UL end product standard is appropriate where that standard
anticipates normal and abnormal use conditions consistent with the application of this standard.
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5.2 Connectors and terminals

5.2.1 Quick-connect terminals, both connectors and tabs, for use with one or two 22 — 10 AWG copper
conductors, having nominal widths of 3.5, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.205, and 0.250
in), intended for internal wiring connections in appliances, or for the field termination of conductors to the
appliance, shall comply with the Standard for Electrical Quick-Connect Terminals, UL 310.

Exception: Other sizes of quick-connect terminals shall be investigated with respect to crimp pull out,
insertion-withdrawal, temperature rise, and all tests shall be conducted in accordance with UL 310.

5.2.2 Single and multi-pole connectors for use in data, signal, control and power applications within and
between electrical equipment, and that are intended for factory connection and for factory assembly to
copper or cogper alloy conductors, or for factory assembly to printed wiring boards, shallhcpmply with the
Standard for Component Connectors for Data, Signal, Control and Power Applications,-UL1Q77.

5.2.3 Wire connectors shall comply with the Standard for Wire Connectors, UL 486A-486B

5.2.4 Splicing wire connectors shall comply with the Standard for Splicing \Wire Connectorg, UL 486C.

of hard-wired
for consumer

5.2.5 Multi-gole splicing wire connectors that are intended to facilitate the connection
utilization eqdiipment to the branch-circuit conductors of buildings*“or that are intended

connection w
Multi-Pole Sp

thin and between parts of electrical equipment, shall comply with the Standar
icing Wire Connectors, UL 2459.

5.2.6 Equipment wiring terminals for use with all alloys-of copper, aluminum, or copper-

conductors, s
Copper Cond

5.2.7 Termin

hall comply with the Standard for Equipment Wiring Terminals for Use with Al
Lctors, UL 486E.

al blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if

d for Insulated

tlad aluminum
minum and/or

applicable, be

of the types

h the relevant
pquirements of

suitably rated|for field wiring.

5.3 Electricpl enclosures and raceways

5.3.1 Electrical enclosures”and the associated bushings and fittings, and raceways,

specified in Qhapter 3 of the-National Electrical Code, ANSI/NFPA 70, and that comply wi

UL standard ({such as UL.514A, UL 514C, UL 514D) and 5.1 are considered to fulfill the rg

this Standard

5.4 Overcurrent protection

5.4.1 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL

248-1; and the applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another appropriate UL standard for the fuse are considered to fulfill this requirement.

5.4.2 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case

Switches and

Circuit-Breaker Enclosures, UL 489.

Exception: Circuit breakers used in telecommunications circuitry that comply with the Standard for Circuit

Breakers For

Use in Communications Equipment, UL 489A, need not comply with UL 489.

5.4.3 Circuit breakers having integral ground fault circuit interrupter capability for protection against
electrical shock shall additionally comply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.
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5.4.4 Supplementary protectors shall comply with the Standard for Supplementary Protectors for Use in
Electrical Equipment, UL 1077.

5.5 Power supplies

5.5.1 Class 2 power supply shall comply with one of the following:
a) Standard for Class 2 Power Units, UL 1310; or

b) Standard for Information Technology Equipment — Safety — Part 1: General Requirements, UL
60950-1, with an output marked "Class 2", or that complies with the limited power source (LPS)
requirements and is marked "LPS".

Exception: Thjs requirement does not apply to circuits that comply with Supplement-SB| UL 60335-1
Based Requirgments for the Evaluation of Electronic Circuits.

5.5.2 A non-Class 2 power supply shall comply with one of the following:
a) Starldard for Power Units Other Than Class 2, UL 1012; or

b) Standard for Information Technology Equipment — Safety ~ Part 1: General Reqlirements, UL
609501.

5.6 Supplenpental insulation, insulated bushings, and assembly aids

5.6.1 The requirements for supplemental insulation:{e.g. tape, sleeving or tubing) are [not specified
unless the instilation or device is required to fulfill a requirement of this standard. In such casgs:

a) Insujating tape shall comply with the Standard for Polyvinyl Chloride, Polyethyleng, and Rubber
Insulating Tape, UL 510;

b) Sleeving shall comply with the'Standard for Coated Electrical Sleeving, UL 1441;

¢) Tubipg shall comply with the‘Standard for Extruded Insulating Tubing, UL 224.

5.6.2 Insulat|ng bushings that’comply with Components, General, 5.1 of this end product standard, and
the Standard for Insulating\Bushings, UL 635, are considered to comply with the requirgments of this
Standard.

6 Frame ancr Enclosure

6.1 General

6.1.1 A ventilator shall be formed and assembled so that it will have the strength and rigidity necessary
to resist the abuses to which it may be subjected without increasing the risk of fire, electric shock, or injury
to persons due to a total or partial collapse with a resulting reduction of spacings, loosening or
displacement of parts, or other serious defects.

6.1.2 Among the factors taken into consideration when the acceptability of an enclosure is being judged
are its:

a) Mechanical strength;
b) Resistance to impact;

c) Moisture-absorptive properties;
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d) Combustibility;

e) Resistance to corrosion; and

f) Resistance to distortion at temperatures to which the enclosure may be subjected under
conditions of normal or abnormal use.

6.1.3 A cast- or sheet-metal section of an enclosure shall have a thickness not less than that specified in

Table 6.1.
Table 6.1
Minimum acceptable thickness of enclosure metal
Minimum thickness, inch (mm)
At small, flat, unreinforced
surfaces and at surface of a
shape or size to ensure At surfaces to which a wiring
adequate mechanical system is to be connected.in At relatively large
Metgl strength the field unreinforced flat surfaces

Die-cast metal 3/64 (1.2) - - 5/64( (2.0)
Cast malleable Jron 116 (1.6) - = 3/32| (2.4)
Other cast metdl 3/32 (2.4) <)~ 1/8| (3.2)
Uncoated sheef steel 0.026 (0.66) 0.032® (0.81) 0.026| (0.66)
Galvanized shept steel 0.029 (0.74) 0.034* (0.86) 0.029( (0.74)
Nonferrous shept metal 0.036 (0.91) 0.045 (1.14) 0.036( (0.91)
2@ A sheet-steel vall of thickness less than that specified is acceptable if the area surrounding the knockout has a thickness not

less than 0.053

inch (1.35 mm).

6.1.4 The enclosure of an appliance shalk\prevent molten metal, burning insulation, flaming
material from falling ontd.flammable materials, including the surface upg
Lpported when the appliance is:

other ignited
appliance is s

a) Inst

b) Thel

6.1.5 The re
material havir

Burning Char

rmostatically‘controlled.

blled in a remote Jogation or unattended area.

quirements in 6.1.4 necessitate the use of a metal barrier or a non-metal
g a zero flame spread rating when tested as described in the Standard for Test for Surface
beteristics of Building Materials, UL 723:

particles, and
on which the

ic barrier of a

a) Under a motor unless:

1) The structural parts of the motor or of the appliance provide the equivalent of such a
barrier (such as the use of metal louvers as bottom barriers);

2) The protection provided with the motor is such that no burning insulation or molten
material falls to the surface that supports the appliance or into the wiring compartment when

the motor is energized under each of the following fault conditions:

i) Open main winding;

i) Open auxiliary winding;

iii) Starting switch short-circuited; and
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iv) Capacitor of a permanent-split capacitor motor short-circuited and the rotor

locked - the short circuit is to be applied before the motor is energized;

3) The motor complies with the requirements for impedance-protected motors in the
Standard for Overheating Protection for Motors, UL 2111, or the Standard for Rotating

Electrical Machines — General Requirements, UL 1004-1, and the Standard

for Thermally

Protected Motors, UL 1004-3, and the temperature of the motor winding does not exceed

150°C (302°F) during the first 72 hours of operation with the rotor of the motor

locked; or

4) The motor is provided with a thermal motor protector that prevents the temperature of the
motor windings from exceeding 125°C (257°F) under the maximum load under which the
motor runs without causing the protector to cycle and from exceeding 150°C (302°F) with

the rotor of the motor locked

14
b) Und
c) Und
6.1.6 The bg

Exception: A direct drive fan motor is required to only be subjected to the-locKe
br wire, unless the wire:

1) Is thermoplastic wire which complies with the requirements of‘the Vertica
the Reference Standard for Electrical Wires, Cables, and Elexible Cords, U
marked VW-1; or

2) Has at least equivalent characteristics as determined in the flame tests s
Standard for Thermoplastic-Insulated Wires and Cables, UL 83.

br a switch, relay, solenoid, or similar componentunless:
1) A short circuit or overload in the component does not result in a risk of fire;

2) There are no openings in the enclosure through which molten metal, burn
flaming particles, or other ignited-material can fall.

Exception: A terminal is notrequired to have a barrier.

rrier mentioned in 6.4.5.shall be horizontal, shall be located as illustrated in F]

shall have an area in accordancewith the illustration. Openings for drainage, ventilation, and

not be employ
similar materig

ed in the barrier unless such openings do not permit molten metal, burning
l, to fall onto flammable material.

d rotor test.

Wires test in
L 1581 and is

pecified in the

r

ng insulation,

gure 6.1, and
the like, shall

insulation, or
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Figure 6.1

Barrier

5° |
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EB120A

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

B — Projection of outline of component on horizontal plane.

C - Inclined line that traces out minimum area of barrier. The line is always:
1) Tangent to the component,

2) 5 degrees from the vertical, and

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

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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6.1.7 A ventilating opening provided in the enclosure of an appliance or an externally mounted
component of an appliance where the appliance is intended to be recessed into a wall or false ceiling shall
not vent into a concealed space where the spread of a fire occurs undetected.

6.2 Non-metallic enclosures

6.2.1 A non-metallic enclosure shall comply with the applicable mechanical and electrical property
considerations, flammability, and thermal requirements as specified in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C. A 6.8 J (5 ft-Ibf) impact value shall apply to
all appliances when determining the impact resistance of polymeric enclosures. This impact value shall
also be used for cold impact testing of appliances intended to be used or stored in cold environments,

such as fans mounted in the crawl space or attic and outdoor use products.

Exception: A g
not required td

6.3 Non-mef

6.3.1
parts, or used
tests describe]
Appliances, U

Exception No.
V-2, or HB wh
does not have
from one area

Exception No.
flame test, the
Materials — {
equipment. TH
considered to
by separate in

6.3.2 Animp
opening in the

Exception:

olymeric grille used in a fan intended to be mounted at least 2.4 m (8 feet) abg
comply with the Resistance to Impact Test of UL 746C.

allic parts other than enclosures

Polymeéric material used to enclose a metal housing that encloses”insulated or un

as a decorative part, shall be classed either 5VA, 5VB, V-0, V-1, V-2, or HB |
d in the Standard for Tests for Flammability of Plastic-Materials for Parts in
| 94.

1: Decorative parts are not required to be made of a material classed 5VA, }
en the part does not occupy a volume greater than 2 cubic centimeters (0.12
any dimension greater than 3 cm (1.18\nch), and is located so it does not prq
fo another or bridge between a possible source of ignition and other ignitable f

2: A material is determined to\be equivalent when it complies with the 12-m
19-mm (0.75-inch) flame test;or 127-mm (5-inch) flame test of the Standard|
se in Electrical Equipment Evaluations, UL 746C, when flame tested ag
e use of a flame-retardant coating applied to the inside of a polymeric en
comply with this requiirement unless the coating/material interface is found to
Vestigation.

eller of polymeric material outside a motor shall not be located within 25.4 mm
motor housing.

ve the floor is

insulated live
y the burning
Devices and

bVB, V-0, V-1,
2 cubic inch),
ppagate flame
arts.

m (0.47 inch)
for Polymeric

used in the
closure is not
be compliant

(1 inch) of an

a) The material is classed as V-2, V-1, V-0, or 5V in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94. The coil wrap that
complies with the 127 mm (5 inches) end product flame test as described in the Standard for
Polymeric Materials — Use in Electric Equipment Evaluations, UL 746C does not need to possess a
5VA flame rating;

b) The material complies with the requirements for enclosure flammability using a 19-mm (3/4-inch)
flame, in accordance with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C;

¢) No motor opening within 25.4 mm of the blade has a dimension more than 6.756 mm (17/64 inch)
or an area more than 35.48 mm? (0.055 square inch), and no more than six such openings are
provided; or
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d) The material has a hot wire ignition rating of at least 7 seconds as described in the Standard
Test Method for Ignition of Materials by Hot Wire Sources, ASTM D3874-1990a.

6.3.3 Foamed thermoplastic shall be classed HF-2 or HF-1.

6.3.4 A thermoplastic damper shall be classed HB, V-2, V-1, V-0, or 5V.

6.3.5 A thermoplastic part that is not decorative and that does not serve as an enclosure shall be classed
HB, V-2, V-1, V-0, or 5V.

6.4 Flame spread and smoke developed requirements for non-metallic enclosures and other

parts of permanently connected equipment

6.4.1 Materi
have a flame
tested as spe
Building Mate

a) Air
equiva

b) Gas

c) Mis
vibrati
not ex

d) An
the req

e) Mo
total e

f) Materials in a compartment handling air for circulation through a duct supplying onl

6.4.2 Polym
shall comply

with the Stan
94.

pls in a compartment handling conditioned air for circulation through @\duc
spread rating of not more than 25, and a smoke developed rating of not.more

rials, UL 723. This requirement does not apply to the following:

ilters, drive belts, wire insulation, paint applied for corrosian ‘protection, or tub
lent to one of the types of wire insulation permitted by this(Standard;

kets forming air or water seals between metal parts;

Cellaneous small parts such as refrigerant line. bushings or insulating bushin
bn mounts, wire ties, clamps, labels, or drainline fittings having a total expose
ceeding 161.29 cm? (25 in?);

hdhesive that, when tested in combination with the specific insulating material
uirement;

Illded or formed components\(not liners) of polymeric materials in such quan
kposed surface area withifthe compartment does not exceed 0.93 m? (10 ft?);

eric materials exempted by 6.4.1(e) shall have a flame spread rating of not m
ith the requirements of the vertical burning test for classifying materials 5VA
Hard for Tests for Flammability of Plastic Materials for Parts in Devices and A

t system shall
than 50, when

cified in the requirements for the Standard for Test for Surface Burning Characteristics of

ing of material

gs, resilient or
d surface area

complies with

tities that their
or

y one room.

bre than 25, or
in accordance
ppliances, UL

6.5 Access

bility of moving parts

6.5.1
contact with u

ninsulated live parts will be provided.

Electrical parts of a ventilator shall be located or enclosed so that protection against unintentional

6.5.2 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire, or injury to persons from a moving part, the enclosure shall
comply with the following:

a) A probe as illustrated in Figure 6.2 shall not touch film-coated wire when inserted through an
opening;

b) A probe as illustrated in Figure 6.3 shall not touch any uninsulated live part when inserted

throug

h an opening; and
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c) A probe as illustrated in Figure 6.4 shall not contact a moving part when inserted through an
opening.

Figure 6.2

Probe for film-coated wire

1_”
ANY 7 DIA
CONVENIENT

LENGTH %m A

A :

SB0612
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Figure 6.3
Probe
(Other than moving parts)
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6.5.3 With r
necessary, thg

6.5.4 Uninsuy
unintentional

oiling motors,
removed in th

removed to de¢termine~whether the ventilator complies with the requirements in 9.5 and 9

marking is to 4

Figure 6.4
Probe

(Moving parts)

Any Convenient Length —e

1/8'R (3.2 mm)

X ) ) 1" Dia
1/2° Dia. (12.7 mm) é(ZS: mm)

1“

-

-~ 3-1/2" (88.9 mm)—=

PA 160

eference to 6.5.2(b), the probe is to be applied in any possible configuration; and, if
configuration may be changed after insertion through the opening.

lated live parts shall\be located, guarded, or enclosed so as to reduce the likelihood of
ontact that may 'involve a risk of electric shock to persons performing opergtions such as
replacing filters;-or adjusting belts, sheaves, or controls. Parts of the enclosure|that would be
e performance of these operations and are removable without the use of tgols are to be
.6. A warning
e disregarded when determining compliance with these requirements.

6.5.5 The ro
ventilator shall

- —fan-blades; s—and-the-like—of-an assembled
be enclosed or guarded so as to reduce the risk of injury to persons. See Figure 6.4.

6.5.6 With reference to the requirement in 6.5.5, the degree of protection required of an enclosure

depends upon

the general configuration and intended use of the ventilator. Among the factors to be taken

into consideration in judging the acceptability of exposed moving parts are:

a) The

b) The

degree of exposure;

sharpness of the moving parts;

c) The likelihood of unintentional contact with the moving parts;

d) The

speed of moving parts; and
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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.

6.5.7 An overall enclosure for electrical components of a ventilator intended for outdoor exposure shall
have provision for drainage. See Section 27, Water Spray Test.

7 Mechanical Assembly

71

A ventilator shall be assembled so that it will not be adversely affected by the vibration of normal

operation. A brush cap shall be tightly threaded or have other provision so that it is unlikely to become

loose.

7.2 A switch
be mounted s|

Exception No

a) The
is con
the sw

b) Mea

C) Spc
Sectio|

d) Non

Exception No
light in which

cannot reduce spacings below the minimum acceptable values. See Section 19, Spacings.

7.3 The me
surfaces. Forj
stem-mounte

7.4 An unin
insulating ma
position if su

, lampholder, attachment plug receptacle, motor attachment plug, or similar.ca
ecurely and shall be prevented from turning or shifting.

1: A switch need not be prevented from turning if all four of the following cong

switch is a plunger or other type that does not tend to rotate ' when operated. A
sidered to be subject to forces that tend to rotate the switch during the norm
jtch;

bns of mounting the switch make it unlikely that operation of the switch will loos

cings are not reduced below the minimurny,acceptable values if the switch
n 19, Spacings) and

2: A lampholder in which theNlamp cannot be replaced, such as a neon pi
the lamp is sealed in a nonremovable jewel, need not be prevented from tun

ans for preventing-the turning specified in 7.2 shall consist of more than fri
example, a properly applied lock washer is an acceptable means for prev

Sulated(live part shall be secured to the surface on which it is mounted 3
erials<shall be secured in place so that the part will be prevented from turnin

| switch or othercomponent having a single hole mounting means from turning.

mponent shall

itions are met:

\ toggle switch
al operation of

en it;

rotates, (see

Imal operation of the switch is by mechanical means rather than direct contact by persons.

ot or indicator
ning if rotation

ction between
enting a small

nd supporting
g or shifting in

ch ‘'motion may result in a reduction of spacings below the minimum accg

bptable values

specified in S

pacings, Sectiom 19:

7.5 Friction between surfaces is not acceptable as a means to prevent shifting or turning of a live part;
but a properly applied lock washer is acceptable.

7.6 A ventilator shall be completely assembled when shipped from the factory.

Exception No. 1: A ventilator marked in accordance with 36.15 need not be completely assembled when
shipped from the factory.

Exception No. 2: A roof mounted or wall mounted ventilator may be shipped from the factory without the
motor and drive assembly when all of the following conditions are met.

a) The motor is the only electrical load for the ventilator.
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b) The motor construction complies with the Standard for Rotating Electrical Machines — General
Requirements, UL 1004-1.
¢) The motor employs thermal protection as referenced in accordance with the Standard for
Overheating Protection for Motors, UL 2111, or the Standard for Rotating Electrical Machines —
General Requirements, UL 1004-1, and the Standard for Thermally Protected Motors, UL 1004-3, if
inherently protected.

d) The motor includes an integral field wiring compartment which complies with the applicable
paragraphs of Power-Supply Connections, Section 9.
e) The ventilator is marked in accordance with 36.20.

7.7 If a part {s shipped disassembled from the ventilator and if it is necessary to make _fielg connections

to that part:

a) The|ventilator shall be designed so that it can be permanently connected to ong of the wiring

systems that would be acceptable for the ventilator;

b) Wirihg terminals or leads to which the field connections are to*be made shall cdmply with the

requirements for field-wiring terminals, including those for spacing;

¢) The |nformation required by 36.17 shall be provided; and

d) Means for mounting a disconnect switch assembly thatis part of the ventilator shall be provided.
7.8 Adisconpect switch assembly that is shipped mounted on the ventilator:

a) Sha
b) Sha

8 Protectior]

| be factory-wired to the remainder ofhe ventilator; or

| comply with the requirements in.7.7 (a), (b), and (c) and those in 36.17.

Against Corrosion

8.1 Metal shall not be used in cembinations that may cause galvanic action that will adve
enclosure.
8.2 Aniron gr steel part;shall be protected against corrosion by enameling, galvanizing, pl

equivalent me

Exception: Th

ANS.

b following parts need not be protected against corrosion:

sely affect an

hting, or other

a) A shaft, bearing, lamination, or minor part, such as a washer, screw, and similar parts.

b) A cast-metal part that derives inherent protection by virtue of its thickness.

¢) A part, such as a decorative grille, that is not required to form a part of an enclosure.

8.3 A hinge and other attachment shall be resistant to corrosion.

8.4 A sheet steel enclosure shall be protected against corrosion as specified in Table 8.1.

Exception: An enclosure for a duct fan not intended for outdoor exposure shall comply with the
requirement in 8.2.
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Table 8.1
Protection against corrosion

Thickness of sheet steel and paragraph reference for type of protection
required
Enclosure use 0.053 inch (1.35 mm) or more Less than 0.053 inch
Outer enclosure protecting motors, wiring, or 8.80r8.9 8.8
enclosed live parts
Outer enclosure that is the sole enclosure of live 8.8 8.8
parts
Outer enclosure that does not enclose electrical 8.80r8.9 8.80r8.9
parts
Interior enclosufe protecting live parts other than 8.80r8.9 88
motors

8.5 Aluminu
corrosion.

8.6 A nonm
exposure tou

8.7 An enclg
an organic fin
of the paint nf
considered ne

8.8 To comp

a) Hot
the St
by the
on the
may b
establ
Steel

b) A Z
applie

thickngss.at\least 0.00054 inch (0.014 mm). The thickness of the coating shall be

I, brass, copper, or stainless steel may be used without additional prot

ptallic enclosure intended to be used outdoors shall be judged on the basis
traviolet light and water.

sure of cast iron at least 1/8 inch (3.2 mm) thick is‘considered to be protected
sh of the epoxy or alkyd-resin type or other outdeor paint on each surface. Th
ay be determined by consideration of its composition or by corrosion tests if
cessary.

ly with Table 8.1 referenced to this, ofie of the following coatings shall be used

dipped mill-galvanized sheet steel conforming with the Coating Designation G
hndard for Steel Sheet, Zinc=Ceated (Galvanized) or Zinc-Iron Alloy-Coated (
Hot-Dip Process, ASTM-AB653 with not less than 40 percent of the zinc on a
minimum single-spot testrequirement in this ASTM designation. The weight
e determined by any:method; however, in case of question, the weight of cg

\rticles with Zinc or Zinc-Alloy Coatings, ASTM A90.

inc coating;-other than that provided on hot-dipped mill-galvanized sheet s
| to an 'average thickness of not less than 0.00061 inch (0.015 mm) on each

the Me

bction against

bf the effect of

by one coat of
e acceptability
such tests are

00 in Table | of
[Salvannealed)
hy side, based
bf zinc coating
ating shall be

shed in accordance 'with the Standard Test Method for Weight (Mass) of Coating on Iron or

teel, uniformly
surface with a
established by

tallic'Coating Thickness Test, Section 28. An annealed coating shall also comj

bly with 8.12.

¢) A zinc coating conforming with 8.9 (a) or (b) with one coat of an organic finish of the epoxy or
alkyd-resin type or other outdoor paint applied after forming on each surface. The acceptability of
the paint may be determined by consideration of its composition or by corrosion tests if such tests
are considered necessary.

d) A cadmium coating not less than 0.001 inch (0.025 mm) thick on both surfaces. The thickness of
coating shall be established in accordance with the Metallic Coating Thickness Test, Section 28.

e) A cadmium coating not less than 0.00075 inch (0.019 mm) thick on both surfaces with one coat
of outdoor paint on both surfaces, or not less than 0.00051 inch (0.013 mm) thick on both surfaces
with two coats of outdoor paint on both surfaces. The thickness of the cadmium coating shall be
established in accordance with the Metallic Coating Thickness Test, Section 28 and the paint shall
be as specified in (c).
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8.9 To comply with Table 8.1 referenced to this paragraph, one of the following coatings shall be used:

a) Hot-dipped mill-galvanized sheet steel conforming with the Coating Designation G60 or A60 in

Table | of the Standard for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron

Alloy-Coated

(Galvannealed) by the Hot-Dip Process, ASTM A653 with not less than 40 percent of the zinc on
any side, based on the minimum single-spot test requirement in this ASTM designation. The weight

of zinc coating may be determined by any method; however, in case of question,
coating shall be established in accordance with the Standard Test Method for Wei
Coating on Iron Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM A90.

the weight of
ght (Mass) of

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thlckness of not less than 0. 00041 inch (0.010 mm) on each surface with a

minimym_thick
by the Metallic Coating Th|ckness Test Section 28.

c) Two|coats of an organic finish of the epoxy or alkyd-resin type or other outdoor
surfacq. The acceptability of the paint is to be determined by consideration‘of its cor
corrosipn tests if such tests are considered necessary.

8.10 With reference to 8.8 and 8.9, other finishes, including paints, metalliefinishes, and cg
the two may be accepted when comparative tests with galvanized sheet steel — without ann
or other surface treatment — conforming with 8.8(a) or 8.9(a),~as applicable, indicate
equivalent pratection. Among the factors that are taken into consideration when judging thg
of such coating systems are exposure to salt spray, moist carbon dioxide-sulphur dioxidg
moist hydrogeh sulphide-air mixtures, ultraviolet light and water.

8.11 If the pdint is to be tested, the test specimens of\a'finish as described in 8.7 or 8.10, 8.
are to be congjistent with the finish that is to be usedsin production with respect to the base n
or pretreatment method, application method, number of coats, curing method, thickness, and

8.12 A hot-
similarly formgd after annealing and that)is not otherwise required to be painted shall be

bent or formed area if the bending or forming process damages the zinc coating, except th
on the inside gurface of an enclosure that water does not enter during the rain test need n
The zinc coating is considered to be damaged if flaking or cracking of the zinc coating at the

of the bent of formed sectionJis visible at 25 power magnification. Simple sheared or ¢
punched holeg are not considéred to be formed.

9 Power-Supply Connections

e established

baint on each
position or by

mbinations of
ealing, wiping
they provide
e acceptability
-air mixtures,

B(c), or 8.9(c),
etal, cleaning
the like.

dipped mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or

pbainted in the
at such areas
bt be painted.
butside radius
ut edges and

9.1 A ventila

tor“shall be constructed so that it can he Im:-rmnmnnﬂy caonnected to _one
systems that would be acceptable for the ventilator.

of the wiring

9.2 An outlet or terminal box in which power-supply connections are to be made shall be located so that

such connections may be inspected after the ventilator has been installed as intended.

9.3 An outer cover or panel that must be removed in order to inspect field-wiring connections to a roof- or
wall-mounted ventilator shall be constructed so that it may be removed with an ordinary tool, such as a

screwdriver or pliers.

94
a wiring compartment to inspect field-wiring connections.

It shall not be necessary to dismount an electrical component or disconnect a duct to gain access to

9.5 An electrical component shall not be mounted on a part, such as the cover of a wiring-terminal

compartment, that must be removed to permit field-wiring connections to be inspected.
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Exception: A component that has been investigated and found to be acceptable for such mounting may be
mounted on a part that must be so removed.

9.6 A terminal compartment intended for the connection of a power-supply raceway that is mounted to
the ventilator shall be attached so as to be prevented from turning with respect thereto.

9.7 A conduit opening in an outer enclosure for power-supply or external-control-circuit connection shall
be threaded. The metal at a threaded opening for conduit shall not be less than 1/4 inch thick.

Exception No. 1: A conduit opening need not comply if it is on a duct fan that is not intended for outdoor
exposure.

Exception No| 2: A conduit opening need not comply if it is located wholly below the lowgst uninsulated
live part withirp the enclosure or if its location prevents drainage into the enclosure.

9.8 If threads for the connection of conduit in the exterior of the enclosure are tapped all tHe way through
the hole in a wall of a box or if an equivalent construction is employed, there shall not be Iess than 3-1/2
threads nor more than that specified in Table 9.1, and the construction shall\be’such that a cpnduit bushing
can be propetly attached. If threads for the connection of conduit are notitapped all the way fhrough a hole
in a wall of a|lbox, conduit hub, or the like, there shall not be less than-five full threads in[the metal and
there shall bg a smooth, rounded inlet hole for the conductors thatprovides protection for the conductors
equivalent to that provided by a standard conduit bushing. The ©pening shall have an interpal diameter in
accordance with Table 9.2.

Table 9.1
Maximum number of threads in a conduit opening

Congluit size, inch Number of threads per inch Maximum number{of threads
172, 3/4 14 7
1,1-1/4,1-1/2, 2 11-1/2 8
2-12, 3, 3-1/2, 4 8 9
Table 9.2
Dimensions associated with openings for conduit
Unthreaded openings Threaded openingsg
Minimum diameter of Throat diameter, inches (mm)
Trade size of Nominal knockout | flat surface at
conduit, inches | diameter, inches (mm) knockout, inches (mm) Minimum Maximum
1/2 7/8 (22.2) 1.152 (29.26) 0.591 (15.01) 0.622 (15.80)
3/4 1-3/32 (27.8) 1.450 (36.83) 0.783 (19.89) 0.824 (20.93)
1 1-23/64 (34.5) 1.804 (45.82) 0.997 (25.32) 1.049 (26.64)
1-1/4 1-23/32 (43.7) 2.309 (58.65) 1.311 (33.3) 1.380 (35.05)

9.9 The diameter of a knockout shall be such that it will accommodate conduit of the trade size for which
the knockout is intended as specified in Table 9.2.

9.10 There shall be a flat surface surrounding a knockout. The flat surface shall have a minimum
diameter in accordance with Table 9.2.
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9.11

The space provided at terminals or leads intended for the connection of supply conductors, or other

conductors to be connected at the time of installation, shall be sufficient for acceptable installation
including the accommodation of the necessary splices. A trial installation may be performed to determine
compliance with these requirements. See 9.12.

9.12 An acceptable installation shall:

a) Be possible using ordinary tools suitable for the installation; and

b) Not require installed conductors to be forced into contact with uninsulated live parts, or with
noncurrent-carrying parts likely to be grounded.

9.13 The ar
noted in 9.14
square inch (
square inch (3

9.14 Atermi
holes.

hall not be more than 1/4 square inch (160 mm?) in any one side and pot
40 mm?) in the bottom surface. The total area of such holes shall ndt'bé 1
0 mm?).

al compartment of a duct fan that is exposed to the main air stream shall not h

9.15 The ovgrall enclosure of a roof- or wall-mounted ventilator may serve as the compart

wiring termina

a) No
compa

b) The
no slot

9.16 A ventil
ampacity acce

9.17 A field-
place; for exar

Exception: A
intended to ac

provided to ho

9.18 Afield-

s if:
part that requires service access — an oil_hole, belt, or the like — is Io
tment; and

total area of openings in the enclosure js not more than 2-1/4 square inches (
is wider than 1/32 inch (0.8 mm).

btor shall be provided with field“wiring terminals for the connection of conduct
ptable for the ventilator; or.it-shall be provided with acceptable leads for such g

viring terminal shall_be provided with a pressure terminal connector secure
nple, firmly bolted or-held by a screw.

wire-binding vscrew or stud-and-nut combination may be employed at a W
commodate'a 10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the
d the wire'in position.

motor or as
ore than 3/8
hore than 1/2

ave any open

ment for field-

cated in that

14.5 cm?) and

ors having an
onnection.

y fastened in

iring terminal
bquivalent are

viring’terminal shall be prevented from turning.

9.19 A wire-binding screw or stud-and-nut combination shall not be smaller than No. 10 (4.8 mm

diameter).

Exception No. 1: A No. 8 (4.2 mm diameter) screw may be used at a terminal intended only for connection
ofa 14 AWG (2.1 mm?) conductor.

Exception No. 2: A No. 6 (3.5 mm diameter) screw may be used at a terminal intended only for connection
ofa 16 or 18 AWG (1.3 or 0.82 mm?, respectively) control-circuit conductor.

9.20 A wire-binding screw shall thread into a metal terminal plate not less than 0.050 inch (1.27 mm)
thick. There shall not be less than two full threads in the metal of the plate.
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9.21 A terminal plate formed from stock not less than 0.050 inch (1.27 mm) thick may have the metal
extruded at the tapped hole to provide the two full threads for the wire-binding screw.

9.22 Upturned lugs or a cupped washer shall be capable of retaining a supply conductor of the size
specified in 9.16 under the head of the screw or washer.

9.23 A field-wiring terminal intended for the connection of a grounded power-supply conductor shall be of
or plated with a metal substantially white in color and shall be readily distinguishable from the other
terminals, or proper identification of that terminal shall be clearly shown in some other manner, such as on
an attached wiring diagram.

9.24 A lead intended to be connected to a grounded power-supply conductor shall be finished to show a
white or gray golor, and shall be readily distinguishable from the other leads.

9.25 The surface of a lead intended for field connection of an equipment-grounding conductor shall be
green with or without one or more yellow stripes, and no other lead shall be so identified.

9.26 The refuirements in 9.23 — 9.25 relating to color coding do not apply.to internal wifing that is not
visible in a fie|[d-wiring compartment.

9.27 The frge length of a lead inside an outlet box or wiring compartment shall not be lesq than 6 inches
(152 mm) nor|more than 8 inches (203 mm).

Exception: A lead may be less than 6 inches long if it is evident that a longer lead might regult in a risk of
fire or electric|shock.

10 Current{Carrying Parts

10.1 A currgnt-carrying part shall be silver, ‘copper, a copper alloy, or other material acc¢ptable for the
application.

10.2 Plated|iron or steel may be.used for a current-carrying part if it is acceptable in agcordance with
5.1.1 or within a motor or asgsociated governor, but the use of iron or steel for current{carrying parts
elsewhere in {he ventilator isiotacceptable.

Exception: Stainless stéel-may be used anywhere in the ventilator as a current-carrying part

11 Internal Wiring

11.1 Hazardous voltage internal wiring, connections between parts of a ventilator, and wiring which is
part of a safety critical function shall be protected or enclosed.

11.2 Type SE, SJE, SJT, SJO, SJOO, SJTO, SJTOO, SO, SOO, ST, STO, STOO cord or appliance
wiring material of equivalent construction may be used in a roof- or wall-mounted ventilator without
protection other than that provided by the outer enclosure of the ventilator.

11.3 All wiring is considered to be suitably enclosed when the cabinet or compartment enclosing the
wiring has:

a) No louver or openings that will permit the probe of Figure 6.3, when applied in a straight line, to
contact wiring, and

b) No openings in the bottom, unless a U-shaped channel or trough is located beneath the wiring,
and the wires do not project through the plane of the top of the channel or trough.
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Exception: Hazardous voltage and safety circuit wiring, in which the flame test, UL VW-1, or the
vertical flame test as described in the Standard for Electrical Wires, Cables, and Flexible Cords, UL
15681, is conducted, is considered to comply with 11.3(b) and need not be isolated by the barriers
described.

11.4 Internal wiring consisting of wire or cord other than that specified in 11.2 shall be enclosed in metal,

such as conduit, metal-clad cable, or the like. The assembly shall be mechanically secure and shall
provide an electrical bond between parts.

11.5

Internal wiring in a duct fan shall not be exposed to the main air stream, and shall be installed in

accordance with the requirements for wiring in ducts in the National Electrical Code, ANSI/NFPA 70.

11.6 Internal
be protected 4

11.7 The int
respect to:

a) Tem

b) Exposure to oil, grease, or moisture; and

c) Othsg

11.8 Wiring
agents that mi

11.9 A hole
ventilator shal
which the wire

11.10 Insulaf
enclosure.

11.11 Each s
flexing, motior
box, control
may be empl
the compartm

b%x, or othér-enclosed compartment in which the wiring materials, as specified

wiring consisting of individual insulated conductors — either separate or in ah
s though it were enameled wire in accordance with 6.5.2.

brnal wiring and connections of a ventilator shall be acceptable~for the ag

berature and voltage;

r conditions of service to which they are likely to besubjected.

thall be protected from sharp edges, screw threads, burrs, fins, moving pa
ght abrade the insulation on conductors.

hrough which insulated wires passtin’a sheet-metal wall within the overall ¢
be provided with a smooth, rounded bushing or shall have a smooth, rounded
5 may bear to prevent abrasion of the insulation.

ed wires may be bunched and passed through a single opening in a metal
plice in wiring shall be located, enclosed, and supported so that it is not subje

, or vibration A splice is considered to be acceptably enclosed when installe

ed. A.splice in an enclosed machinery compartment shall be secured to a fix
nt so'that it is not subject to movement or damage during servicing.

arness — shall

plication with

rts, and other

nclosure of a
surface upon

wall within an

ct to damage,
j in a junction
in Table 11.1,
ed member in

Table 11.1
Typical wiring materials
Wire size Insulation thickness
Type of wire, cord, or cable®” mm? AWG mm inch
5.3t0 0.41 10to 22 0.8 2/64
Thermoplastic appliance wiring material, with

insulation thickness shown at the right corresponding 8.4 8 12 3/64
to wire sizes indicated; or Type T, TW, or Type® AC, 13.3 6 1.6 4/64
ACL, ACT, FFH-2, TF, TFF, TFN, TFFN, SF-2, SFF-2, 21.2 4 16 4/64

RH, RHH, RHW, RUH, RUW, THW, XHHW, MTW,
THW-MTW, THWN, PF, PGF, PFF, PGFF 26.7 3 1.6 4/64
33.6 2 1.6 4/64

Table 11.1 Continued on Next Page
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Table 11.1 Continued

Wire size Insulation thickness
Type of wire, cord, or cable®” mm? AWG mm inch
42.4 1 2.0 5/64
54.0 1/0 2.0 5/64
67.0 2/0 2.0 5/64
85.0 3/0 2.0 5/64
107.2 4/0 2.0 5/64

® Type CL wire

2 The designated cord or cable, or types of wire other than appliance wiring material, may be used without regard to the values
specified in the Table.

ay be used within a separate material enclosure as leads of components.

¢ Wire types inc

uded only in the National Electrical Code, ANSI/NFPA 70.

11.12 A sold

11.13 A spli
spacing betwy{

11.14 In det
is acceptable]
deterioration
is not acceptg
ratings.

11.15  Wiring
weather.

11.16 The

e
strands of w’i.le will be prevented from-contacting other live parts not always of the same

wire and fro
connectors, s
means.

11.17 Intern
Wiring Materi

Exception Ng.

ered connection shall be mechanically secured before being soldered.

ce shall be provided with insulation equivalent to that of the wires involved if f
ben the splice and other metal parts may not be maintained.

ermining if splice insulation consisting of coated-fabric, ¢hermoplastic, or other
, consideration shall be given to such factors as) dielectric properties and
jue to temperature and moisture exposure. Thetmoplastic tape wrapped ove
ble. An insulated splicing device is acceptable«within the limits of its voltage ar

shall be located so that it will not be immersed in water as a result of e

ans of connecting stranded\internal wiring to a wire-binding screw shall be g

contacting dead metal parts. This may be accomplished by using pre
bldering lugs, crimped, eyelets, soldering all strands of the wire together, or ot

al wiring composed of insulated conductors shall comply with the Standard
|, UL 758

1 nsulated conductors need not comply with UL 758 if they comply W

ermanence of

type of tubing
resistance to
a sharp edge
d temperature

posure to the

uch that loose
polarity as the
ssure terminal
her equivalent

for Appliance

ith one of the

following:

a) Standard for Thermoset-Insulated Wires and Cables, UL 44;

b) Standard for Thermoplastic-Insulated Wires and Cables, UL 83;

¢) Standard for Fixture Wire, UL 66; or

d) The appropriate UL standard(s) for other insulated conductor types specified in Chapter 3
(Wiring Methods and Materials) of the National Electrical Code, ANSI/NFPA 70.

Exception No. 2: Insulated conductors for specialty applications (e.g. data processing or communications)
and located in a low-voltage circuit not involving the risk of fire or personal injury need not comply with UL

758.
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12 Separation of Circuits

12.1 Unless having insulation suitable for the highest voltage involved, insulated conductors of different
circuits (internal wiring, including wires in a junction box or compartment) shall be separated by barriers, or
shall be segregated, and shall, in any case, be separated or segregated from uninsulated live parts
connected to different circuits. Segregation of insulated conductors may be accomplished by clamping,
routing, or equivalent means that ensures permanent separation from insulated or uninsulated live parts of
a different circuit.

12.2 There shall be provision for segregating or separating by barriers field-installed conductors of any
circuit from field-installed and factory-installed conductors connected to any other circuit, unless the
conductors of both circuits are or will be insulated for the maximum voltage of either circuit.

12.3  Within L compartment that is not a control enclosure junction box or its equivalent,|field-installed
low-voltage (including Class 2) circuit conductors may be segregated from factory-installed [conductors of
different circlits by locating field wiring openings, routing factory wiring,-@nd localing electrical
components sp that the factory conductors are maintained at least 127 mm (5-h)-from a ling representing
intended routipg of the low-voltage (including Class 2) circuit conductors. Fhe line shall allow for droop,
and shall connect the opening provided for entrance of the low-voltage (including Class 2) iconductors to
the terminals gr leads to which the conductors are attached.

12.4 There s
hazardous vol

hall be provision for segregating or separating by barriers field-installed conductors of a

age circuit from:

a) Unin

b) Any
overlos

sulated live parts connected to a different cireuit, other than wiring terminals; a

uninsulated live parts of electrical components such as a pressure-limiting
d protective device, or other protective device where short circuiting or g

nd

device, motor
ounding may

result ip unsafe operation of the equipment; except at wiring terminals.

12.5 There ghall be provision for segregating or separating by barriers, field-installed corjductors of an
low-voltage cifcuit from:

a) Uninsulated live hazardous voltage circuits; and

b) Win
compo
protect

ng terminals ‘and any other uninsulated live parts of hazardous voltage electrical
nents suchwas a pressure-limiting device, motor overload protective device, or other
ve deviee'where short circuiting or grounding may result in unsafe operation of the unit.

ieris/used to provide separation between the wiring of different circuits, it ShT

12.7 A metal barrier shall be at least 0.66 mm (0.026 in) thick if of uncoated steel, 0.74 mm (0.029 in)
thick if of galvanized steel, and 0.91 mm (0.036 in) thick if of nonferrous metal. A barrier of insulating
materials shall be not less than 0.71 mm (0.028 in) thick, and shall be of greater thickness if its
deformation could be so readily accomplished as to defeat its purpose.

12.6 If a bar
or of suitable il

Il be of metal

12.8 If the barrier is removable or has openings for the passage of conductors, it is acceptable provided
that instructions for the use of the barrier are a permanent part of the device. In lieu of a barrier, complete
instructions may be provided that, when used in conjunction with the wiring diagram, will provide for the
separation of the circuits of different voltages.

12.9 Field-installed conductors may be segregated from other field-installed conductors and from
uninsulated live parts connected to other circuits by arranging the location of the openings in the enclosure
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for the various conductors, with respect to the terminals or other uninsulated live parts, so that conductors
or parts of different circuits will not intermingle.

12.10 The output of a transformer device supplying a circuit shall not be interconnected with the output of
another such transformer device provided as a part of the equipment, unless the voltage and current
measurements at the output terminals of the interconnected devices are low-voltage.

1211 Two or more transformer devices supplying Class 2 circuits and provided as a part of the
equipment, shall be treated as separate circuits. If more than one such circuit is intended to be field-wired,
the several circuits shall be segregated or separated by barriers as specified in 12.2, and the transformer

output of each circuit shall be marked to warn that the separation shall be maintained.

13 Insulatin

13.1  Materid
barriers shall

13.2 Therm
have the nece
resistance to

13.3 A mold
withstand the
from damage
14 Motors

141

14.1.1 A mg
normal load o]

14.2 Enclogure

14.2.1 A rog
enclosed.

Exception: A

General

g Material

| for mounting uninsulated live parts and for insulating bushings, washers, s
be porcelain, phenolic composition, or other material acceptable forthe applica

ssary mechanical strength and rigidity, resistance to flame¢propagation, dieleg
brcing, thermal endurance, and other properties acceptable’for the application.

ed part shall be constructed so as to have the necessary mechanical strength
stresses of normal service. Brush caps shall besecured or located so as t
that might occur during use.

tor shall be acceptable for(the application and shall be capable of driving
f the ventilator without introducing a risk of fire, electric shock, or injury to persg

f- or wall-mounted ventilator motor that is exposed to the main air stream

foof- or wall-mounted ventilator that is marked in accordance with 36.16 may €

of other than

bparators, and
tion.

bplastic material may be employed for the sole support of uninsulated live parts if found to

tric properties,

and rigidity to
b be protected

the maximum
ns.

shall be totally

mploy a motor

the)totally enclosed type if the motor is provided with inherent overtempera

ure protection

complying with the requirements for running and locked-rotor protection.

14.2.2 A duct-fan motor that is exposed to the main air stream shall be totally enclosed. See 11.5.

14.3 Protec

14.3.1

tion

A ventilator employing a motor that must be cooled by the main air stream to prevent overheating

when operating continuously — an air-over motor — shall incorporate automatically reset inherent
overtemperature protection.

14.3.2 For a ventilator employing a motor other than as described in 14.3.1, automatically reset thermal
or overcurrent motor protection shall be incorporated in the ventilator.
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Exception: A ventilator that is marked in accordance with 36.6 need not have thermal or overcurrent motor
protection. This exception does not apply to the requirements in 14.2.1.

14.3.3 A motor provided with inherent overtemperature protection complying with the Standard for
Overheating Protection for Motors, UL 2111, or the Standard for Rotating Electrical Machines — General
Requirements, UL 1004-1, and the Standard for Thermally Protected Motors, UL 1004-3; or UL 1004-1,
and the Standard for Impedance Protected Motors, UL 1004-2, for an impedance-protected motor; or UL
1004-1, and the Standard for Electronically Protected Motors, UL 1004-7, for an electronically protected
motor is considered to comply with the requirements in 14.3.1 and 14.3.2. A motor used with a direct-drive
fan or blower need comply only with the requirements for protection during locked-rotor conditions.

Exception: This requirement does not apply to electronic protection that complies with UL 1004-7 and the
circuits requirgments of Supplement SB, UL 60335-1 Based Requirements for the Evaluation of Electronic
Circuits.

14.3.4 Table|14.1 summarizes the requirements relating to motor protection.

Minimum type of inherent
protectioh required?

Table 14.1
Summary of motor-protection requirements
Motor lokation Motor type Type offan drive

Exposed to mair| air stream OpenP*® Any
Exposed to mair] air stream Totally enclosed air-over Belt
Exposed to mair| air stream Totally enclosed air-over Direct
Not exposed to main air Open or totally enclosed Belt
stream

Direct

Automatically
and locked-rof

Automatically
and locked-rof

Automatically
rotor

Automatically
and locked-rof

Automatically

eset, running
br

eset, running
br

eset, locked-

eset, running
brd

eset, locked-

rotor?

@ See 36.5 for refjuired marking.

b If marked in acgordance with 36.16.
°See 14.2.2.
9 See Exceptionlto 14.3.2.

14.3.5 The grotection of a multispeed motor shall function to accomplish the intended fesult at each
setting of the| speed-control device. Tests are ordinarily conducted at the highest and Jowest speed
settings and at-ehRe-intermediate-speed-setting-ef-the-controllerHeowever—testsmay-alse-be conducted at

additional settings if it appears to be necessary.

14.3.6 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 hazard noted during Abnormal testing with the
motor electronic circuit rendered ineffective (open or short circuited), or
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14.3.7 The

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, UL 61800-5-1 and is rated or set to
trip at not more than the 115 percent of the motor nameplate full-load current rating, or

d) Electronic protection complies with the test requirements and the circuits requirements of

Supplement SB, Ul 60335-1 Based Requirements for the Evaluation of Electronic Circuits.

protective cirquit.

Table 14.2
Application of UL 991, UL 1998, UL 60730-1, and UL 60730-2-9

requirements in Table 14.2 shall be considered when judging the @ceegtability of the

Application of UL 991 and UL 1998

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

1)

Condugt a failure-mode and effect analysis (FMEA) —
for the pgrotective circuit identified in 14.3.6.

Conduct a failGre-mode and effect analysis (FMEA) — for the
protective circuit identified in 14.3.6.

2) A contrgl becoming permanently inoperative and A control becoming permanently inoperative and fdisconnecting
disconnecting power meets the criteria for electrical powert meets the criteria for electrical supervision|of critical
supervigion of critical components and trouble components and trouble indication.
indicatign.

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

a) Indogr Use: 0.0 +2°C (32.0 +3.6°F) and 40.0.#23C | a) Indoor Use: 0.0 +2°C (32.0 +3.6°F) and 40.0 +2°C (104
(104 £3|6°F), +3.6°F),

b) Outdpor Use: -35.0 £2°C (-31.0 £3.6°F).and 40.0 b) Outdoor Use: -35.0 £2°C (-31.0 +3.6°F) and 4.0 +2°C (104
1+2°C (1p4 £3.6°F). +3.6°F).

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

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

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

a) Immynity to conducted disturbances — When a) Immunity to conducted disturbances — When applicable test
applicalple test leyeh3.shall be used, level 3 shall be used,

b) Immynity totadiated electromagnetic fields — field b) Immunity to radiated electromagnetic fields — field strength of 3
strength) of'3'\//m shall be used. V/m shall be used.

7) For expusure-totumidity; the-fottowingcomnditions Forexposure-totomidity; the-foltowmgcomnditions shall apply:
shall apply:

a) Indoor Use: 21.1 to 26.7°C (70 to 80°F) and a) Indoor Use: 21.1 to 26.7°C (70 to 80°F) and minimum 50
minimum 50 percent relative humidity, percent relative humidity,

b) Outdoor Use: minimum 98 percent relative b) Outdoor Use: minimum 98 percent relative humidity.
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 Electrical fast transient/burst immunity such that a test level 3
test level 3 shall be used for all equipment other than | shall be used for all equipment other than outdoor use equipment.
outdoor use equipment. Test level 4 shall be used for | Test level 4 shall be used for outdoor use equipment.
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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15 Grounding

15.1 All exposed dead metal parts and all dead metal parts within the enclosure that may become
energized shall be conductively connected to the point of a metallic enclosure to which the equipment
grounding conductor will be connected.

15.2 The means for connecting a bonding jumper shall be bolting, riveting, welding, or other means that
will provide positive contact and comply with 8.1.

15.3 A connection that depends upon the clamping action exerted by rubber or similar material is
acceptable if:

a) It cdmplies with the requirements in Bonding Connection Test, Section 32 under gny degree of
comprgssion permitted by the clamping device if the device is variable;

b) It is pot adversely affected by oil, grease, moisture, thermal degradation,cor other exposure likely
to occdr in service;

c) It is mot adversely affected by disassembly and reassembly for maintenance purpoges; and

d) Its ¢onstruction is such that it is not likely to be reassembled improperly after] having been
disass¢mbled.

16 Switched and Controllers

16.1 A switch or other control device provided on or with the ventilator shall have a rating| not less than
the marked rating of the load that it controls.

16.1.1 A mofor control device shall comply one of the following:

a) The|Standard for Automatic Eleetrical Controls — Part 1: General Requirements, UL 60730-1, in
conjungtion with the applicable Part 2 from the UL 60730 series,

b) Deldted
¢) The Btandard for Industrial Control Equipment, UL 508, or
d) The [StandarddorAdjustable Speed Electrical Power Drive Systems, UL 61800-5-1{ or

e) Eledtronic:protection that complies with the test requirements and the circuits refjuirements of
Supplement'SB, UL 60335-1 Based Requirements for the Evaluation of Electronic Circuits.

16.1.2 Auxiliary controls shall be evaluated using the applicable requirements of this end product
standard and Section 33, Controls — End Product Test Parameters.

Exception: The requirement does not apply to electronic protection that complies with the test
requirements and the circuits requirements of Supplement SB, UL 60335-1 Based Requirements for the
Evaluation of Electronic Circuits.

16.1.3 Operating (regulating) controls shall be evaluated using the applicable requirements of this end
product standard and Section 33, Controls — End Product Test Parameters.

Exception: The requirement does not apply to electronic protection that complies with the test
requirements and the circuits requirements of Supplement SB, UL 60335-1 Based Requirements for the
Evaluation of Electronic Circuits.
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16.1.4 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:

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, or

c) Test requirements and the circuits requirements of Supplement SB, UL 60335-1 Based
Requirements for the Evaluation of Electronic Circuits.

16.1.5 Protective (limiting) controls shall be evaluated using the applicable requirements of this end

product standard and Section 33, Controls — End Product Test Parameters.

Exception: The requirement does not apply to electronic protection that complies |with the test
requirements|and the circuits requirements of Supplement SB, UL 60335-1 Based Requirements for the
Evaluation of Electronic Circuits.

16.1.6 Solidrstate protective controls that do not rely upon software*as a protective component shall
comply with the:

a) Standard for Tests for Safety-Related Controls Employing“Solid-State Devices, UL{991; or

b) Standard for Automatic Electrical Controls — Part “1>-General Requirements, UL 6(0730-1, except
for Coptrols Using Software, see Clause H.11.12;.6r

c) Tegt requirements and the circuits requirements of Supplement SB, UL 6(0335-1 Based
Requifements for the Evaluation of Electranic Circuits.

16.1.7 Protgctive controls that rely upon seftware as a protective component shall comply ith the:

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

b) Stapdard for Automatic’/Electrical Controls — Part 1: General Requirements, UL 60f30-1; or

c) Tegt requirements and the circuits requirements of Supplement SB, UL 6(0335-1 Based
RequitementsAfof.the Evaluation of Electronic Circuits.

16.2 A switgh intended to be connected to a power-supply circuit having a potential to ground of more
than 150 voltd_shall be acceptable for the maximum potential to grol ind of the circuit

Exception: The requirement does not apply to electronic protection that complies with the test
requirements and the circuits requirements of Supplement SB, UL 60335-1 Based Requirements for the
Evaluation of Electronic Circuits.

16.3 A nominal 208-volt single- or three-phase ventilator is considered to involve a potential to ground of
less than 150 volts. Unless a ventilator is marked in accordance with 36.19 two-wire, single-phase, or a
three-wire, three-phase ventilator with a rating in the range of 220 — 240 volts is assumed to involve a
potential to ground of more than 150 volts.

Exception: The requirement does not apply to electronic protection that complies with the test
requirements and the circuits requirements of Supplement SB, UL 60335-1 Based Requirements for the
Evaluation of Electronic Circuits.
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17 Capacitors

17.1 A capacitor provided as a part of a capacitor motor and a capacitor connected across the line —
such as a capacitor for radio-interference elimination — shall be housed within an enclosure so that
mechanical damage to the plates will not occur, and flame or molten material will not be emitted as a result

of breakdown of the capacitor. The construction shall comply with one of the following:

a) The enclosure shall be of sheet steel not less than 0.020 inch (0.51 mm) thick or shall be
constructed to afford equivalent protection;

b) The enclosure may be of sheet steel thinner than 0.020 inch or of other acceptable material if it
is mounted in an enclosure that is acceptable for the enclosure of live parts;

c) The
reduce

individual enclosure of an electrolytic capacitor with means for venting shall
the likelihood of mechanical damage only, and no minimum enclosure

specifi¢d; or

d) The
an ops
shall cq

Exception: Th
circuits requirg
Circuits.

17.2 Anoil-fi
askarel shall
conditions of

Exception: Th
circuits requirg
Circuits.

17.3 The m
Capacitors, Ul

Exception: Th
circuits requirg
Circuits.

ndividual enclosure of an electrolytic capacitor not provided with-fneans for ve
ning more than 1/16 inch (1.6 mm) wide between the capagitor enclosure 4§
mply with the requirements in 29.1.1, and no minimum enclosure thickness is

b requirement does not apply to capacitors that comply with the test requirer
ments of Supplement SB, UL 60335-1 Based Reqdirements for the Evaluatio

led capacitor, not an electrolytic type, emplaying a dielectric medium more cor
pe protected against expulsion of the dielectric medium under both normal
se and shall be acceptable for a minimum available fault current (AFC) of 500(

b requirement does not apply to\capacitors that comply with the test requirer
ments of Supplement SB, UL60335-1 Based Requirements for the Evaluatio

ptor running capaecitor shall comply with the testing requirements of the
L 810.

b requirement does not apply to capacitors that comply with the test requiren
ments of\Supplement SB, UL 60335-1 Based Requirements for the Evaluatio

17.4 The ma

be such as to
thickness is

nting and with
nd the motor
specified.
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0 of Electronic

hbustible than
and abnormal
amperes.

nents and the
0 of Electronic

Standard for

nents and the
h of Electronic

tor oto et £
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Standard for
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Capacitors, UL 810.

Exception: The requirement does not apply to capacitors that comply with the test requirements and the
circuits requirements of Supplement SB, UL 60335-1 Based Requirements for the Evaluation of Electronic

Circuits.

18 Receptacles

18.1

The face of a receptacle shall:

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

b) Project at least 0.015 inch (0.38 mm) beyond a conductive surrounding surface.
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18.2 Receptacles shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.

19 Spacings

19.1 The spacing between field-wiring terminals of opposite polarity, and the spacing between a field-
wiring terminal and any other uninsulated metal part not of the same polarity, shall not be less than that
specified in Table 19.1.

Table 19.1

Spacings at field-wiring terminals

Minimum spacings, inch (mm)

Between wiring terminals,

Between terminals and other uninsulated J’netal parts not
always of the samplepolarity

a

Potential injolved, volts through air or over surface Over surface Thrgqugh air
250 of less 1/4 (6.4) (6.4) 1/4 (6.4)
More than 250 12 (12.7)° (12.7%° 3/8 (9.5)

@ Applies to the pum of the spacings involved where an isolated dead metal part is interposed.

® A spacing of npt less than 3/8 inch, through air and over surface, is acceptable at fild-wiring terminals in a wiring compartment
or terminal box [f the compartment or box is integral with a motor.

19.2 Other than at field-wiring terminals, the spacing between uninsulated live parts of ogposite polarity
and between [an uninsulated live part and a dead metal part shall not be less than that spegcified in Table
19.2. If an unipsulated live part is not rigidly fixed in position by means other than friction betveen surfaces
or if a movable dead metal part is in proximity to antuninsulated live part, the construction| shall be such
that the minimum acceptable spacings will be maintained.

Exception: THis requirement does not apply.to the inherent spacings of a component of the yentilator such
as a snap switch. Such spacings are-judged on the basis of the requirements for the (component in

question.
Table 19.2
Spacings at other than field-wiring terminals or in motors
Minimum spacings, inch (mm)
Inwentilators employing a motor 7 inches (180 In ventilators employing a motof more than 7
mm) or less in diameter? inches in diameterd
Potential
involved, volts Over surface Through air Over surface Through air
0-125 3/32 (2.4 3/32 (2.4 1/4 (6.4) 1/8 (3.2¢
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)° 1/4 (6.4)°
251 -600 112 (12.7)° 38 (9.5)° 112 (12.7)° 38 (9.5

(1.6 mm).

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

® In a ventilator employing a motor rated at 1/3 horsepower (250 W output) or less, these spacings may be not less than 1/16 inch

° Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 3/32 inch over surface and
through air between film-coated wire rigidly supported and held in place on a coil and a dead metal part is acceptable in a
ventilator rated at more than 250 volts or employing a motor having a diameter of more than 7 inches. See note (a).
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19.3 The spacings for a motor shall comply with the spacing requirements in the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1.

19.4 In applying 19.2, 19.3, 26.1, and note (b) in Table 19.2 to an appliance employing a motor not rated
in horsepower (W output), use is to be made of the appropriate table of the National Electrical Code,
ANSI/NFPA 70, that gives the relationships between horsepower and full-load currents for motors.

19.5 At terminal screws and studs to which field connection may be made using wire connectors,
eyelets, and the like as described in 2.3, opposite polarity spacings and spacings to dead metal shall not
be less than as specified in Table 19.2 with the connectors, eyelets, and the like installed in such position

that minimum spacings exist.

19.6 An insy
shall be at leg
adversely affe

Exception: VU
spacing of not

19.7 Materia
been found to

a) Tem

b) Vib

d) High

lating lining or barrier of vulcanized fiber or similar material employed in die
st 1/32 inch (0.8 mm) thick, and shall be so located or of such material tha
cted by arcing.

canized fiber not less than 1/64 inch (0.4 mm) thick may be“used in add
less than 50 percent of the minimum acceptable through air spacing.

s and combinations of materials other than those specified’in 19.6 may be use
be acceptable based on an investigation of their ability-to resist degradation du

berature;

tion;

]
¢) Thergmal cycling; and

humidity.

20 Clearance and Creepage Distances

20.1 As an
other than as
for Insulation (
as described i

20.2 The clg
requirements i

!

Iternative approach,to.the spacing requirements specified in Spacings, Se
oted in this Sectiony:is to be evaluated in accordance with the requirements in
Coordination Ingluding Clearance and Creepage Distances for Electrical Equip
n 20.3.

aranceland creepage distance at field wiring terminals shall be in accord
h Spacings, Section 19.

u of spacings
it will not be

tion to an air

d if they have
e to:

ction 19, and
the Standard
ment, UL 840,

ance with the

20.3

In conducting evaluations In accordance with the requirements In the Standard

for Insulation

Coordination Including Clearance and Creepage Distances for Electrical Equipment, UL 840, the
guidelines in Table 33.1 — Table 33.3 shall be used.

21 Filters

21.1

A filter shall be tested in accordance with the Standard for Air Filter Units, UL 900.

PERFORMANCE

22 Starting Current Test

22.1

A ventilator shall start and attain normal running speed without opening a fuse when energized on a

circuit protected by a fuse of other than the time-delay type. The fuse is to have a current rating
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corresponding to that of the motor branch circuit to which the ventilator may be connected in accordance
with the National Electrical Code, ANSI/NFPA 70.

Exception: If a ventilator is marked in accordance with 36.13, it shall start and attain normal running speed
without opening a fuse on a circuit protected by a time-delay fuse.

22.2 The ventilator is to be started three times when connected to a circuit of minimum rated voltage.
Each start of the motor is to be under conditions representing the beginning of normal operation. The
motor is to be allowed to come to rest between starts, and is to be restarted immediately. Opening of an
overload-protective device provided as part of the ventilator after the first start is acceptable.

23 Input Test

23.1 The current input to a ventilator shall not be more than 110 percent of the rated steady-state full
load ampereq (FLA) or service factor full load ampere (FLA) if the motor has a service factor value when
the ventilator js operated under conditions of actual service and connected to a supply circyit of maximum
rated voltage pnd rated frequency.

23.2 Unless|otherwise specified, each ventilator is to be tested at thetappropriate potentfal indicated in
Table 23.1, fof each test as detailed in the applicable sections.

Table 23.1
Test voltage
Unit rated voltage Test voltage?®
110-120 120
200 — 208 208
220-240 240
254 - 277 277
440 -480 480
550 — 600 600
Other Rated
@ Tolerance +2 gercent.

23.3 For thg input test; the ventilator is to be connected to a fitting or structure that can pe adjusted to
uniformly restrict thexair supply. The structure may consist of an inlet duct, with or without airf straighteners,
connected to the ventilator or to a plenum on which the ventilator is mounted and arranged {o avoid undue
turbulence of pirsupply.

23.4 The input is considered to be the maximum input measured while restricting the air-system inlet to
not more than one-half the unrestricted cross-sectional area of the ventilator inlet.

23.5 For conducting the input test on a ventilator of the axial type, an inlet duct is to be employed with the
air-blocking surface located a distance from the ventilator at least equal to the diameter of the propeller or
blade.

24 Temperature Test

241 A ventilator shall be tested as described in this section and shall not reach temperatures high
enough to cause a risk of fire, to damage materials used, or to exceed the temperature rises specified in
Table 24.1. A protective device shall not operate when the ventilator is tested in accordance with 24.2 —
24.12.
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Exception: Temperature rises for a duct fan intended for interior use only may be 5°C (9°F) more than
specified in Table 24.1 based on a 25°C (77°F) ambient.

Table 24.1
Maximum acceptable temperature rises
Degrees
Materials and components K (R)
1. Varnished-cloth insulation 55 (99)
2. Wood or other combustible material 60 (108)
3. Any point-er-orwithin-a-terminak-b
A. For a compartment integral with the ventilator 30 (54)
B. For a remotely mounted compartment 35 (63)
4. A surfac¢ upon which the ventilator may be mounted in service, and surfaces that may 60 (108)
be adjacgnt to the ventilator when so mounted
5. Class A nsulation systems on coil windings of an a-c motor having a diameter of more.
than 7 inghes (178 mm)®® and on reactors:
A. In an open motor:
Thermocouple method 60 (108)
Resistance method 70 (126)
B. In a totally enclosed motor:
Thermocouple method 65 (117)
Resistance method 75 (135)
C. |n a totally enclosed fan-cooled motor:
Thermocouple method 65 (117)
Resistance method 70 (126)
6. Class A insulation systems on coil windings.of an a-c motor having a diameter of 7
inches (178 mm) or less®®:
A. |n an open motor:
Thermocouple or resistance method 70 (126)
B. In a totally enclosed miotor:
Thermocaouple or Resistance method 75 (135)
7. Phenolidcomposition employed as electrical insulation or as a part the breakdown of 120° (216)°
which wquld result'in a hazardous condition
8. Rubber- pr.thermoplastic-insulated conductors 30°d (54)°d
9. Capacitors:
Electrolytic 35° (63)°
Other types 60 (108)f
10. Sealing compound g g
11. Insulation systems on windings of a relay, and the like:
a) Class 105 insulation systems
Thermocouple method 60 (108)
Resistance method 80 (144)
b) Class 130 insulation systems
Thermocouple method 80 (144)

Table 24.1 Continued on Next Page
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Table 24.1 Continued

Materials and components

Degrees

(R)

13.

14,

15.

16.

17.

Class B

Resistance method

insulation systems on coil windings of an a-c motor having a diameter of more

than 7 inches (178 mm)®°

a)

b)

In an open motor:
Thermocouple method
Resistance method

In a totally enclosed motor:

100

80
90

c)

Class B
inches (

a)

b)

Class F
inches)

a)lnan
Th
b)Inat
TH

Class F
178 mm

a)lnan
TH
Ré
b)Inat

Thermocouple method
Resistance method
n a totally enclosed fan-cooled motor:
Thermocouple method
Resistance method

insulation systems on coil windings of an a-c motor having a diameter of 7
178 mm) or less®® and on a vibrator coil:

In an open motor:
Thermocouple or resistance method
In a totally enclosed motor:
Thermocouple or resistance method

system on coil windings of an ac motor having a framé diameter of 178 mm (7
Dr less, not including a universal motor.

open motor:

lermocouple or resistance method
tally enclosed motor:
lermocouple or resistance method

system on coil windings.of.an ac motor having a frame diameter of more than
(7 inches), not includifig a universal motor.

open motor:
lermocouple method
sistance method

tally enclosed motor:

TH

ermoacouple method

85
95

85
90

90

95

120

125

110
120

115

Resistance method

Class H

system on coil windings of an ac motor having a frame diameter of 178 mm (7

inches) or less, not including a universal motor.

a)lnan

open motor:

Thermocouple or resistance method

b) In a totally enclosed motor:

Thermocouple or resistance method

Class H

system on coil windings of an ac motor having a frame diameter of more than

178 mm (7 inches), not including a universal motor.

a)lnan

open motor:

125

135

140

(180)

(144)
(162)

(153)
(71)

(153)
(162)

(162)

(71)

(216)

(225)

(189)
(216)

(207)
(225)

(243)

(252)

Table 24.1 Continued on Next Page
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Table 24.1 Continued

Degrees
Materials and components K (R)
Thermocouple method 125 (225)
Resistance method 135 (243)
b) In a totally enclosed motor:
Thermocouple method 130 (234)
Resistance method 140 (253)
18. Class E system on coil windings of an ac motor having a frame diameter of 7 inches (178
mm)®® or less.
a) In an ¢pen motor:
Thermocouple or resistance method 80 (144)
b) In a toally enclosed motor:
Thérmocouple or resistance method 85 (153)
19. Class E $ystem on coil windings of an ac motor having a frame diameter of more than<(
inches (178 mm)?2®.
a) In an ¢pen motor:
The¢rmocouple method 702P (126)2P
Resistance method 80 (144)
b) In a totally enclosed motor:
Thérmocouple method 75 (135)
Resgistance method 85 (153)
c) In a tofally enclosed fan-cooled motor:
Thérmocouple method 75 (135)
Resistance method 80 (144)
@ See Table 19.2 note a.
b See 24.3.
¢ The limitations jon phenolic composition ahd on rubber and thermoplastic insulation do not apply to compounds thiat have been
investigated and|found to have acceptable.heat-resistant properties.
9 Rubber-insulatpd conductors within a Class A insulated motor and rubber-insulated motor leads may be subjectefi to a
temperature rise|of more than 30%K (54°R), provided that an acceptable braid is employed on the conductor of othgr than the
flexible cord.
¢ For an electrolytic capacitor that is physically integral with or attached to a motor, the temperature rise on insulating material
integral with the Fapacitorénclosure may be not more than 60°K (108°R).
f A capacitor tha{ opetates at a temperature rise of more than 60°K (108°R) may be judged on the basis of its marked temperature
limit.

9 The maximum sealing compound temperature when corrected to a 25°C (77°F) ambient temperature is 15°K (27°R) less than
the softening point of the compound as determined by the Standard Test Method for Softening Point by Ring-and-Ball Apparatus,
ASTM E28.

24.2 A duct fan for moving heated air is to be tested with a heat source capable of supplying air heated to
the temperature for which the fan is intended to be used. The temperature at the duct-fan inlet is not to be
less than the temperature for which the fan is marked in accordance with 36.10.

24.3 With reference to the requirements in 24.2, the temperature at the inlet is to be determined by a
thermocouple grid positioned in a plane perpendicular to the air flow and located 6 inches (150 mm) from
the collar of the duct fan. The grid is to be constructed of thermocouples of the same length connected in
parallel. The duct is to be divided into equal areas and thermocouples are to be located as illustrated in
Figure 24.1. The thermocouple wire shall not be larger than 24 AWG (0.21 mm?).
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Figure 24.1

Thermocouple location in test duct
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9 equal areas as illustrated with a thermocouple located in‘center of each of the resulting 9 areas.

blly into 8 equal areas with thermocouples located as jlitistrated in each of the 8 areas and at the center of the duct.

rature of 30°C
D — 40°C (50 —

24.4 Al vall
(86°F). Howe
104°F).

es of temperature rise in Table 24.4\are based on an assumed ambient tempe
Ver, tests may be conducted at'any ambient temperature within the range of 1

24.5 A therr
without remo
a wrap, or on
cotton, paper
used if the
consideration
— the thermog

nocouple is to be used for determining temperature of a coil or winding if it cg
al of encapsulating.compound or the like on the integrally applied insulation o
the outer surface of a wrap that is not more than 1/32 inch (0.8 mm) thick 3
rayon, or the like, but not of thermal insulation. The change-of-resistance m
thermocouple* measurement cannot be conducted in accordance with
5. For athermocouple-measured temperature of a motor coil — items 6 and 11
ouple.is'to be mounted on the integrally applied insulation on the conductor.

24.6 A ther

n be mounted
f a coil without
nd consists of
ethod is to be
the foregoing
3 of Table 24.1

held in good

thermal contact with the surface of the material being measured. In most cases, adequate thermal contact
will result by 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.

247 Temperatures are to be measured by thermocouples consisting of wires not larger than 24 AWG
(0.21 mm?) and not smaller than 30 AWG (0.05 mm?), except that a coil temperature may be determined
by the change-of-resistance method under the conditions described in 24.5. Whenever referee
temperature measurements by thermocouples are necessary, thermocouples consisting of 30 AWG iron
and constantan wire and a potentiometer-type instrument are to be used.

24.8 The thermocouples and related instruments are to be accurate and calibrated in accordance with
good laboratory practice. The thermocouple wire is to conform with the requirements for Special
Tolerances thermocouples as listed in the Tolerances on Initial Values of EMF versus Temperature tables
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in the Standard Specification and Temperature-Electromotive Force (emf) Tables for Standardized
Thermocouples, ANSI/ASTM E230/E230M.

24.9 The resistance method consists of calculation of the temperature rise of a winding using the
following equation:

in which:

Atisth

R
At ="(k+ 1)~ (k+ )

tamnoeratire risa-ofthecoill in deareas C-
tOFHP Ot O-HSE-0HHO-601-1-606¢

R is thé

ris the

t; is thg

t, is the

kis 23
condud

2410 The ventilator is to be operated with a load as described in 23.4. A multispeed ven

operated at ed
instance, oper

2411 Atem
10 percent of
change.

2412 Forth
480, or 600 vg
480, or 550 va
that frequency
60-hertz alterr
be tested on 6

25 Undervo

ToT 0

resistance of the coil at the end of test in ohms;

resistance of the coil at the beginning of the test in ohms;
room temperature in degrees C at the beginning of the test;
room temperature in degrees C at the end of the test; and

1.5 for copper and 225.0 for electrical conductor gradey(EC) aluminum. Valueg
tors are to be determined.

ation is to be continued until constant temperatures are attained.

perature is considered to be constant when three successive readings, taken
he previously elapsed duration“ef the test, but not less than 5-minute interva

b temperature test, the ‘voltage of an alternating-current supply circuit is to be 1
Its if the ventilator-has a nominal voltage rating of 110 or 115, 200 or 208, 22(
Its, respectively: If-the ventilator has a single frequency rating, the test is to be
A ventilator rated ac-dc, dc-60 hertz, or dc-25 — 60 hertz is to be tested on di
ating current, whichever results in higher temperatures. A ventilator rated 50 -
D-hertz @lternating current.

tage ' Test

of k for other

lilator is to be

ch speed and a reversible ventilator is to be operated in each direction of rofation. In each

at intervals of
s, indicate no

20, 208, 240,
— 240, 440 —
conducted at
rect current or
60 hertz is to

251

Unless a thermally responsive inherent motor protector opens the circuit, the ventilator shall start

and operate continually under the conditions described in 23.4 that produce maximum motor loading, but

with the voltag

e reduced to 85 percent of the rated voltage of the motor.

26 Dielectric Voltage-Withstand Test

26.1

The equipment shall withstand without breakdown the following:

a) A potential, as specified below, applied between live parts of hazardous voltage circuits, and
dead (grounded) metal parts, for a period of 1 min. AC test potentials are 40 — 70 Hz and DC test
potentials represent the peak value of the AC test potentials. For the test, the unit may be in a

heated

or unheated condition.
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1) 1000 V ac or 1414 dc for units rated 250 V or less, and which include a motor rated at 1/2
hp or less.

2) 1000 V ac plus twice the rated voltage or 1414 V dc plus 2.8 times rated voltage for units
rated more than 250 V or which include a motor rated larger than 1/2 hp.

3) One thousand volts, or 1000 volts plus twice the rated voltage, depending upon the value
of the test potential applied to the ventilator as a whole, between the terminals of a capacitor

used for power-factor correction or for radio-interference elimination.

b) Deleted

c¢) Deleted

26.2 To detgrmine if a ventilator complies with the requirements in 26.1, it is to be tested
ampere or larger capacity transformer, the output voltage of which can be varied. The-appl

to be increas
The increase
indication of it

27 Water Spray Test

27.1 When
an insulation
and shall wit
potential of 1(
no water at g
parts or on filf]

27.2 A vent
subjected to ¢
is intended to
The insulatio
conclusion of

27.3 The te
27.1. The spf

water pressuie during-the test is to be maintained at 5 psig (34.5 kPa) at each spray head

between the
brought into t

d gradually from zero to the required test value and is to be held at-that valu
in potential is to be at a substantially uniform rate and as rapid @s'is consiste
s value by a voltmeter.

ested as described in 27.2 and 27.3, a ventilatordntended for outdoor expos
resistance of 50,000 ohms or more between live\parts and interconnected de:
hstand for 1 minute without breakdown the*application of a dielectric vol
00 volts between live parts and interconneetéd dead metal parts. After the tes
ny point that may be contacted by a splice in field-installed wiring, and on u
h-coated wire other than motor windings.

lator intended for outdoor exposure is to be mounted as in actual service
water spray as described in~27.3 for 4 hours. The ventilator is not to be oper|
draw air in rather than te‘expel it, or has louvers that open only when the mg

exposure to the waterspray and are to be repeated 1/2 hour later.

ay heads are.to be constructed in accordance with the details shown in Fig

ith a 500-volt-
ed potential is
p for 1 minute.
nt with correct

ure shall have
nd metal parts,
age-withstand
there shall be
hinsulated live

and is to be
ating, unless it
tor is running.

h-resistance and dielectric voltage-withstand tests are to be conducted immediately upon

5t apparatus is to/consist of three water spray heads mounted in the piping shown in Figure

ure 27.2. The
The distance
losure is to be

enter hozzle and the ventilator is to be approximately 5 feet (1.5 m). The eng
he.focal area of the three spray heads in such a position and under such co

most likely to

ditions as are

result in entrance of water into the enclosure. The spray is to be directed gt a 45-degree

angle to the vertical toward the enclosure.
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Figure 27.1
Rain-test spray-head piping
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Figure 27.2

Rain-test spray head
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B 7/16 11.0 P .575 14.61
C 9/16 14.0 .576 14.63
D .578 14.68 Q 453 11.51

280 14.73 434 153
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 b 0.80
G .06 b 1.52 T (No. 35)b 2.80
H (No.9) 5.0 U (No. 40) 2.50
J 23/32 18.3 Vv 5/8 16.0
K 5/32 3.97 W 0.06 1.52
L 1/4 6.35
M 3/32 2.38
d Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories
b ANSI B94.11M Drill Size
C Optional — To serve as a wrench grip.
RT100E
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28 Metallic Coating Thickness Test

28.1 The test for determining the thickness of zinc and cadmium coatings is described in 28.2— 28.9.

28.2 The solution to be used for this test is to be made from distilled water and is to contain 200 grams
per liter of reagent grade chromic acid (CrOs); and 50 grams per liter of reagent grade concentrated
sulphuric acid (H,SO,). The latter is equivalent to 27 milliliters per liter of reagent grade concentrated
sulphuric acid, specific gravity 1.84, containing 96 percent of H,SO 4.

28.3 The test solution is to be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube of approximately 0.025 inch (0.64 mm) inside bore and 5.5
inches (140 mm) long. The lower end of the capillary tube is to be tapered to form a tip, the drops from

which are abo
inserted in the
the stopcock i
may be used i

28.4 The sa
temperature o
temperature o

28.5 Each s
nonmetallic ¢
thoroughly rin
the hands or 3

Lt 0.025 milliliters each. To preserve an effectively constant level, a small glas

top of the funnel through a rubber stopper and its position is to be adjusted
5 open, the rate of dropping is 100 5 drops per minute. If desired, ah)additi
n place of the glass tube to control the rate of dropping.

Mple and the test solution are to be kept in the test roomXNong enough t
f the room, which is to be noted and recorded. The test is te’be conducted
21.1-32.2°C (70 — 90°F).

bmple is to be thoroughly cleaned before testing! All grease, lacquer, pai

ted in water and dried. Care is to be exercised.to avoid contact of the cleane
ny foreign material.

28.6 The sample to be tested is to be supported @27°— 1 inch (18 — 25 mm) below the orifi

drops of soluti
about 45 degr

28.7 The sto

bn strike the point to be tested and-tun off quickly. The surface to be tested is
bes from horizontal.

pcock is to be opened and;the time in seconds is to be measured until the dro

dissolves the

rotective metallic coating; exposing the base metal. The end point is the first

the base meta] recognizable by thechange in color at that point.

28.8 Each spmple of a test-ot is to be subjected to the test at three or more points,
stenciled, and|threaded, strfaces, on the inside surface and at an equal number of points ¢
surface at plafes where\the metallic coating may be expected to be the thinnest. On enc

from precoat

sheets; the external corners that are subjected to the greatest deformatio

have thin coat|ngs:

5 tube is to be
so that, when
bnal stopcock

b acquire the
At an ambient

nt, and other

patings are to be removed completely by means of solvents. Samples afe then to be

i surface with

e, so that the
to be inclined

bping solution
ppearance of

excluding cut,
n the outside
osures made
n are likely to

28.9 To calculate the thickness of the coating being tested, select from Table 28.1 the thickness factor
corresponding to the temperature at which the test was conducted and multiply it by the time in seconds
required to expose base metal as noted in 28.7.
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Table 28.1

Coating thickness factors

Temperature, Thickness factors, 0.00001 inches (0.0003 mm) per second

°F (°C) Cadmium platings Zinc platings

70 (21.1) 1.331 0.980

71 (21.7) 1.340 0.990

72 (22.2) 1.352 1.000

73 (22.8) 1.362 1.010

74 (23.3) 1.372 1.015

75 (23.0) 1383 1025

7 (24.4) 1.395 #1033

71 (25.0) 1.405 11042

7 (25.6) 1.416 11050

79 (26.1) 1.427 11060

8 (26.7) 1.438 1{070

8 (27.2) 1.450 1{080

82 (27.8) 1.460 1085

8 (28.3) 1470 1{095

84 (28.9) 1.480 11100

8 (29.4) 1.490 11110

8 (30.0) 1.501 11120

81 (30.6) 1.513 1{130

8 (31.1) 1.524 1141

8 (31.7) 1.534 1{150

9 (32:2) 1.546 1{160
29 Capacitor Tests
29.1 Burnoyt on electrolytic capacitor
29.1.1 In a est to determine if an electrolytic capacitor as described in 17.1(d) is acceptable, several
samples of the capacitor, mounted in the usual manner and with cotton placed around openings in the
enclosure, arg to\be subjected to such overvoltage as to cause breakdown. If the cottoh ignites upon
breakdown of{the’capacitor, the results are not acceptable.

29.2 Leakage current

29.2.1 The total capacitance of capacitors connected from one or more ungrounded sides of the line to
the frame or enclosure of a single-phase ventilator shall permit a total of not more than 5.0 milliamperes of
leakage current from capacitive and other sources to flow to ground through a 500-ohm noninductive

resistor under normal operating conditions at the rated voltage of the ventilator.

30 Overload Test — Switch or Control

30.1 There shall be no electrical or mechanical breakdown or undue pitting or burning of the contacts of
a motor switch or control, and the fuse in the grounding connection shall not open during the overload test
described in 30.2.
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Exception No. 1: A switch that has been investigated and found to be acceptable for the application need
not be subjected to the overload test.

Exception No. 2: A switch so interlocked that it will never have to break the locked-rotor motor current
need not be subjected to the overload test.

30.2 The ventilator is to be connected to a grounded supply circuit of rated frequency and maximum
rated voltage with the rotor of the motor locked in position. During the test, exposed metal parts of the
ventilator are to be connected to ground through a 3-ampere plug fuse, and the connection is to be such
that any single-pole, current-rupturing switch or control will be located in the ungrounded conductor of the
supply circuit. The test is to consist of 50 cycles of operation, making and breaking the locked-rotor current
of the controlled motor. The switch or control is to be operated at a rate of not more than 10 cycles per
minute, excepi that a faster rate of operation may be employed if agreeable to those concerngd.

31 Permanence of Marking Tests

31.1 Generdl

31.1.1 Unles
cement or adh

31.1.2 After
a label securdg
from each test
each medium:

a) Each sample demonstrates good adhesjon;and the edges are not curled.

b) The
a flat m

c) The

31.2 Oven-aging test

31.2.1 Thres
in an air oven

s known to be suitable for the application, a pressure-sensitive label or a lab
esive that is required to be permanent shall be tested as described in 31.1.2.

pbeing subjected to the conditions described in 31.24 — 31.6.1, a pressure-ser]
d by cement or adhesive is considered to be permanent if immediately follg
medium and after being exposed to room temperature for 24 hours following

etal blade 1/32 inch (3.2 mm) thick, held at right angles to the test panel.

printing is legible and is not defaced by rubbing with thumb or finger pressure.

samples of.the'label applied to test surfaces as in the intended application ar
maintained‘at the temperature specified in Table 31.1 for 240 hours.

el secured by

sitive label or
wing removal
removal from

label resists defacement or remaval as demonstrated by scraping across the fest panel with

b to be placed

Table 31.1
Oven-aging-testtemperature
Maximum temperature during normal temperature test of
surface to which applied Oven temperature

°C (°F) °C (°F)
60 or less (140 or less) 87 (189)
80 or less (176 or less) 105 (221)
100 or less (212 or less) 121 (250)
125 or less (257 or less) 150 (302)
150 or less (302 or less) 180 (356)
Over 150 (Over 302) a

@ A label that is applied to a surface attaining a temperature greater than 150°C (302°F), during the normal temperature test, is to
be oven-aged at a temperature representative of the temperatures attained by the appliance during normal and abnormal

operation.
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31.3 Immersion test

31.3.1 Three samples of the label applied to test surfaces as in the intended application are to be placed
in a controlled atmosphere maintained at 23 +2°C (73 +4°F) with a relative humidity of 50 +5 percent for 24
hours. The samples are then to be immersed in water at a temperature of 21 +2°C (70 +4°F) for 48 hours.

31.4 Standard-atmosphere test

31.4.1 Three samples of the label applied to test surfaces as in the intended application are to be placed
in a controlled atmosphere maintained at 23 £2°C (73 +4°F) with a relative humidity of 50 £5 percent for 72
hours.

315 Unusmﬁl condition exposure test

31.5.1 If a label is exposed to unusual conditions in service, three samples of the/label ppplied to test
surfaces as in the intended application are to be placed in a controlled atmosphere-maintained at 23 +2°C
(73 £4°F) with a relative humidity of 50 +5 percent for 24 hours. The samples are then to be immersed for
48 hours in 3 solution representative of service use maintained at the temperature the solution would
attain in servige, but not less than 23 £2°C (73 4°F).

31.6 Outdopr exposure test

31.6.1 If a lpbel is intended to be exposed to the weather; three samples of the label applied to test
surfaces as ip the intended application are to be subjected to ultraviolet rays and water|spray for 720
hours. The tept cycle is to consist of exposure to ultraviolet rays for 102 minutes followed lpy exposure to
ultraviolet rayp and a fine spray of water for 18 minutes.

31A Ventilgror Motors of Permanent Split Capacitor (PSC) or Shaded Pole Type and Provided with
Solid-State §peed Controls

31A.1 In addlition to the condition described in 24.10, a motor that includes or that is intendgd for use with
a solid-state gpeed control shall be operated under the following condition in 31A.3.

31A.2 A soljd-state speed(control shall comply with the applicable requirements in thg Standard for
Solid-State Fan Speed Controls, UL 1917, or the equivalent.

Exception: THe spacings of an integral factory wired component solid-state speed control shall comply with
either the Stapdard\for Solid-State Fan Speed Controls, UL 1917, or the Standard for Automatic Electrical
Controls — P4rt.1) General Requirements, UL 60730-1, and/or the applicable Part 2 standald from the UL
60730 series.

31A.3 With the motor connected to an ac supply modified to produce half-wave output. The supply shall
be switched from sinusoidal to half-wave output after the motor is operating at maximum speed. If after the
supply is switched from sinusoidal to half-wave operation, the motor shaft does not continue to rotate in a
manner that is a normal condition, the locked-rotor temperature requirements described in 31A.4 shall be
used instead of the maximum temperature specified in Table 24.1. See Figure 31A.1. For the requirements
in this Clause and 31A.4, “normal” is defined as operation in excess of 10% of the measured maximum
RPM.
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Figure 31A.1
Half-wave test circuit
Diode °
L1
N
MOTOR OF DEVICE UNDER TEST @
S4063
Footnote —

@ A standard recti
sized for the ratin

31A.4 When
supply is swit
restart when ¢
with the applic

a) The
temper

b) The
test reg

c) The
wave 9

fier diode shall be used to produce the half-wave input to the motor of the device under test. T
of the device under test (at least twice the rating of the motor).

the motor shaft does not rotate or rotates in a manner not-determined to be ng
thed from sinusoidal to half-wave operation as descCtibed in 31A.3 or the m
perated from a half-wave source after the motoriis de-energized, the motor
pble temperature requirements as follows:

temperature of an impedance-protecied’ motor shall comply with theg
ature test requirements in Standard for Impedance Protected Motors, UL 1004

temperature of a thermally-protected motor shall comply with the locked-roto
uirements in Standard for Thermally Protected Motors, UL 1004-3, except:

1) For a motor with an automatic reset type protective device, the temperatur
not be applied during the jnitial cycle of the thermal protector operation and
no emission of flame,or molten metal, or

2) For a motor,with a non-replaceable thermal cutoff, the temperature criteri
applied when the' thermal cutoff opens within the first hour and there shall be 1
flame or molten metal.

duration-of the test shall be for 15 days. The power supply shall be modified t
utput directly to the motor and bypassing the integral solid-state speed control,

he diode shall be

rmal after the
otor does not
shall comply

locked-rotor
2.

I temperature

B criteria shall
there shall be

8 shall not be
o0 emission of

provide half-

32 Bonding

321

Connection Test

The bonding connection between grounded metal and the motor frame shall not open when

carrying for 2 minutes a current equal to twice the rated current of the fuse of largest current rating that can
be mounted in the fuseholder of the branch circuit to which the ventilator would normally be connected.

Exception: This test need not be conducted if the minimum bonding conductor is:

a) Sized in accordance with Table 250-95 of the National Electrical Code, NFPA 70; or

b) Not smaller than one of the power supply conductors.
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33 Controls — End Product Test Parameters
33.1 General

33.1.1 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 16. Where
reference is made to declared deviation and drift, this indicates the manufacturer’s declaration of the
control’s tolerance before and after certain conditioning tests.

33.2 Auxiliary controls

33.2.1 Auxiliary controls shall not infroduce a risk of electric shack, fire, or personal injury

33.2.2 Auxiljary controls shall comply with the requirements of this end product standard’
33.3 Operating controls (regulating controls)

33.3.1 The [following test parameters shall be among the items considered when judging the
acceptability pf an operating control investigated using the Standard for. Automatic Electrical Controls —
Part 1: Generlal Requirements, UL 60730-1. Appendix A provides miore examples of contrgls intended to
be used as operating controls:

a) Control Types 1 or 2;

b) Unless otherwise specified in this standard, mnanual and automatic controls shall be tested for
6,000 [ cycles with under maximum normal, lead conditions, and 50 cycles unpder overload
conditjons;

c) Instpllation Class 2 in accordance with Electromagnetic Compatibility (EMC) — P3rt 4-5: Testing
Measyrement Techniques — Surge Immunity Test, IEC 61000-4-5;

d) Forfthe applicable Overvoltage Category, see Table 33.1;
e) Forlthe applicable Material Group, see Table 33.2; and
f) For fhe applicable Paollution Degree, see Table 33.3.

Table 33.1
Overvoltage categories

Appliance Overvoltage category

Intended for fixed wiring connection 1]

Portable and stationary cord-connected Il

Control located in low-voltage circuit |

NOTE: Applicable to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled
equipment that would increase the risk of fire or electric shock.



https://ulnorm.com/api/?name=UL 705 2022.pdf

54

UL 705

AUGUST 19, 2022

Table 33.2
Material group

CTI PLC value of insulating materials

Material group

CTI® 400 < 600 (
CTI® 175 < 400 (
CTI*100 < 175 (

CTI®600 (PLC =

0)

PLC =1)
PLC=2o0r3)
PLC = 4)

|

Il
Ila
Ilb

NOTE - PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specified in the Standard
for Polymeric Materials — Short Term Property Evaluations, UL 746A.

Table 33.3
Pollution degree

Appliance control microenvironment

Pollution degree

No pollution or o
hermetically sea
wiring boards wi

hly dry, nonconductive pollution. The pollution has no influence. Typically
ed or encapsulated controls without contaminating influences, or printed
h a protective coating can achieve this degree.

Normally, only n
condensation m
commercial clea

nconductive pollution. However, a temporary conductivity caused by
hy be expected. Typically indoor appliances for use in household ar
h environments achieve this degree.

Conductive polly
condensation th
affected by motd
achieve this deg

tion, or dry, nonconductive pollution that becomes conductive'due to

ht is expected. Typically controls located near and may be'adversely

rs with graphite or graphite composite brushes, or outdeor use appliances
ee.

33.4 Protectfive controls (limiting controls)

33.4.1 An el
Controls, Sect
are: a control
protection of t
reduce the ri
control/circuit,
control/circuit.

3342 The
acceptability g

Controls — Pa

following ™ test parameters shall be among the items considered when
f an.electronic protective control investigated using the Standard for Automatic Electrical

bctronic control that performasia protective function shall comply with the refjuirements in
ion 16, while tested using the parameters in this section. Examples of protgctive controls
used to sense abnormal”temperatures of components within the appliance
ne motor due to loecked rotor, running overload, loss of phase; or other functign intended to
5k of electric shock, fire, or injury to persons. During the evaluation of {he protective
the protective functions are to be verified under normal and single-fault conditions of the

temperature

judging the

s of controls

intended to be

a) Failure-Mode and Effect Analysis (FMEA) or equivalent Risk Analysis method;

used as protective controls:

[t 1~ General qunirpmpnfg Ul 60730-1 Apppndix A pm\/idpq mare mmmlnl

b) Power supply voltage dips, variation and interruptions within a temperature range of 10°C (50°F)
and the maximum ambient temperature determined by conducting the Normal temperature test.

See Te

mperature Test, Section 24;

¢) Surge immunity test — installation Class 3 shall be used;

d) Electrical fast transient/burst test, a test level 3 shall be used;

e) Electrostatic discharge test;

f) Radio-frequency electromagnetic field immunity:
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1) Immunity to conducted disturbances — When applicable, test level 3 shall be used; and
2) Immunity to radiated electromagnetic fields; field strength of 3 V/m shall be used;

g) Thermal cycling test of clause H.17.1.4.2 shall be conducted at ambient temperatures of 10.0
+2°C (50 +4°F) and the maximum ambient temperature determined by conducting the Normal
temperature test. The test shall be conducted for 14 days;

h) Overload shall be conducted based on the maximum declared ambient temperature (T,,.«) Or as
determined by conducting the Temperature Test, Section 24;

i) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class B.

33.4.3 The fest parameters and conditions used in the investigation of the circuit coyered py 33.4.1 shall
be as specifigd in the Standard for Tests for Safety-Related Controls Employing Salid=State Devices, UL
991, using thg following test parameters:

a) With regard to electrical supervision of critical components, for.attended applignces, a motor
operated system becoming permanently inoperative with respect 10 movement gf an exposed
portion of the appliance meets the criteria for trouble indication. For unattended appliances,
electrital supervision of critical components may not rely on tfouble indication;

b) A figld strength of 3 V per meter is to be used for the Radiated EMI test;

c) Thg Composite operational and cycling test is_ toe"be conducted for 14 days gt temperature
extrenmes of 0°C (32°F) and 70°C (158°F);

d) Thg Humidity Class is to be based on the-appliance’s intended end use and is to pe used for the
Humidity test;

e) A vipration level of 5 g is to be used for the Vibration test;

f) When a computational investigation is conducted, Ip shall not be greater than |6 failures/106
hours for the entire systemThe Operational test is to be conducted for 14 days;

g) When the Demonstrated method test is conducted, the multiplier for the test accgleration factor
is to b 576.30 for intermittent use appliances, or 5763.00 for continuous use appliances. The test
accelgration facterequation is to be based on a 25°C (77°F) use ambient;

h) Thg Endurance test is to be conducted concurrently with the Operational test. THe control shall
perform its.intended function while being conditioned for 14 days in an ambient air femperature of
60°C (140°F), or 10°C (50°F) greater than the operating temperature of the contro|, whichever is
higher. During the test, the control is to be operated in a manner representing normal use;

i) For the Electrical fast transient burst test, test level 1 is to be used;
j) Conduct a failure-mode and effect analysis (FMEA); and

k) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class 1 in accordance with the Standard for Software in Programmable Components, UL
1998.

33.4.4 Unless otherwise specified in this standard, protective controls shall be evaluated for 100,000
cycles for Type 2 devices, and 6,000 cycles for Type 1 devices, with rated current.
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MANUFACTURING AND PRODUCTION TEST
34 Production Dielectric Voltage-Withstand Test

34.1 Each ventilator shall withstand without electrical breakdown as a routine production-line test, the
application of a DC potential or an AC potential at a frequency within the range of 40 - 70 hertz:

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

b) Between primary wiring and accessible low-voltage (42.4 volts peak or less) metal parts,
including terminals.

Exception: A |ventilator that has no electrical components other than a motor that s \dcceptable for
permanent cannection to the power supply, and that has been found to comply~with the production
dielectric voltage-withstand requirement in the Standard for Rotating Electrical-Machings — General
Requirements| UL 1004-1, need not be subjected to this test.

34.2 The pragduction-line test shall be in accordance with either condition ‘A or condition B of Table 34.1.

Table 34.1
Production-line test conditions
Condition A Condition B
Appliancg rating, V Potential, V Time, s Potential, V Time, s
AC DC AC DC
250 volts or less|with no motor
rated more than [1/2 horsepower 1000 1400 60 1200 1700 1
(370 W)
More than 250 vplts or with a
motor rated mor¢ than 1/2 1000 + 2V 1400 + 2.8V 60 1200 +2.4V | 1700 + 3.4V 1
horsepower
V = maximum marked voltage

34.3 The ventilator may be.in a heated or unheated condition for the test.

34.4 The tegt shall'be conducted when the ventilator is fully assembled. It is not intended that the
ventilator be uhwired, modified, or disassembled for the test.

Exception No. 1: A part such as a snap cover or a friction-fit knob that would interfere with performance of
the test need not be in place.

Exception No. 2: The test may be conducted before final assembly if the test represents that for the
completed ventilator.

34.5 The test equipment shall include a transformer having an essentially sinusoidal output, a means of
indicating the test potential, an audible or visual indicator of electrical breakdown, and either a manually
reset device to restore the equipment after electrical breakdown or an automatic reject feature of any
unacceptable unit.

34.6 If the output of the test equipment transformer is less than 500 volt-amperes, the equipment shall
include a voltmeter in the output circuit to directly indicate the test potential.
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34.7 If the output of the test-equipment transformer is 500 volt-amperes or larger, the test potential may
be indicated:

a) By a voltmeter in the primary circuit or in a tertiary-winding circuit;
b) By a selector switch marked to indicate the test potential; or

c) In the case of equipment having a single test-potential output, by a marking in a visible location
to indicate the test potential.

When marking is used without an indicating voltmeter, the equipment shall include a positive means, such
as an indicator lamp, to indicate that the manually reset switch has been reset following a dielectric
breakdown.

34.8 Test equipment other than that described by 36.6 and 36.7 may be used if found, t6 gccomplish the
intended factqry control.

34.9 Duringlthe test, the primary switch is to be in the on position, both sides of the primaly circuit of the
ventilator are|to be connected together and to one terminal of the test equipment, and thg second test-
equipment tefminal is to be connected to the accessible dead metal<parts that are likg¢ly to become
energized.

RATING
35 Details

35.1 A ventijator shall be rated in:
a) Volts.
b) Amperes (motor full-load amperes-or service factor full-load amperes).
Excepfion: The rating may be. in-watts if the full-load power factor is 0.80 or more.
c) Horgepower, if such rating is 1/8 horsepower or more.
Exceptfion: A ventilator having a shaded pole motor may be rated in watts rather than|horsepower.

d) Frgquency expressed in one of the following terms: hertz, Hz, cycles-persecond, cps,
cycles|second; or c/s.

e) Thelnumber of Inhnenc, if pnlylnhaqp

f) A code letter indicating, in accordance with the National Electrical Code, ANSI/NFPA 70 (see
Table 35.1), the locked-rotor motor input for an alternating-current motor rated 1/2 horsepower (373
W output) or more.
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Table 35.1
Locked-rotor indicating code letters*
Code letter Kilovolt-amperes per horsepower with locked rotor

A 0-3.14

B 3.15-3.54

C 3.55-3.99

D 4.0-4.49

E 4.5-4.99

F 5.0-5.59

G 5.6 -6.29

L) 0.0—=7.UY

J 7.1-7.99

K 8.0-8.99

L 9.0-9.99

M 10.0 £\1+19

N 1492 - 12.49

P 12/5-13.99

R 14.0 - 15.99

S 16.0-17.99

T 18.0-19.99

U 20.0-22.39

V 22.4 and up
* Reprinted with permission from NFPA 70-2005, National Electrical*Code, Copyright © 2004, National Fire Protectjon Association,
Quincy, MA 02169. This reprinted material is not the complete and-afficial position of the NFPA on the referenced subject, which is
represented only by the standard in its entirety.
National Electrichl Code and NEC are registered trademarks of the National Fire Protection Association, Quincy, MA.

MARKING
36 Details

36.1 A ventilptor shall be legibly and permanently marked, where visible after installation, wjith:

a) The| manufactdrer's name, trade name, trademark, or other descriptive marking|by which the
organization responsible for the product may be identified,;

b) The|date or other dating period of manufacture not exceeding any three conseg¢utive months
which may be abbreviated or in a nafionally accepted conventional code, or in a code affirmed by
the manufacturer;

c¢) A distinctive catalog or model number or the equivalent; and

d) The electrical rating.

36.2 The repetition time cycle of a date code shall not be less than 26 years. The date code shall not
require reference to the manufacturer's records to determine when the ventilator was manufactured.

36.3 If the motor is the only electric-energy-consuming component of the ventilator, the electrical rating
given on the motor nameplate need not be shown elsewhere on the ventilator if this nameplate is visible on
the motor after the ventilator has been installed as intended.
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36.4 The markings required by 36.3, 36.5, and 36.6 are visible on a roof- or wall-mounted ventilator if
they are plainly visible upon removal of an outer cover or panel that is removable in accordance with the
requirements in 9.3.

36.5 A ventilator that incorporates motor-overload protection shall be marked to indicate the presence of
such protection.

36.6 A ventilator that does not incorporate motor-overload protection shall be marked:
a) To indicate that the ventilator should be installed with remote motor-overload protection; and

b) To provide such motor-rating data— voltage, frequency, horsepower, and full-load current per
phase

o n b I} o H Il
— oU Ulal Pruptl PrulcULUUIT TTiay DT UTITITTTIINTCU.

36.7 A vent
from the factq
shall be mark

lator that employs a dual-voltage motor that is wired for a particular yvoltage
ry shall be marked to indicate the voltage for which it is connected.. In” addit
ed with instructions or a wiring diagram for connecting the motor, toythe other

when shipped
ion, the motor
voltages. The

not be permanent. The marking may be in the form of wired-on tags, instjuction sheets,
s, or the like.

marking neeg
decalcomanis
36.8 A venti ut other loads
shall be mark

ator having one motor with other loads or more than©ne motor with or withg
bd with one of the following:

a) The minimum circuit size and maximum currepttating of the overcurrent-prgtective device

unlesd both are 15 amperes or less; or
b) Thq rating of the largest motor in volts and\amperes, and the rating of any otheff loads in volts
and either amperes or watts.

Excep
load 1

fion: The current value of a motor rated 1/8 horsepower (93 W output) or less,|or a nonmotor
ampere or less may be omitted.unless either load constitutes the principal load.
36.9 A vent o indicate the
direction of ro

lator shall be permanently marked where readily visible during installation
tation of the impeller.

36.10 A dud
excess of |
not exceed th

t fan intended to-move heated air shall be permanently marked "Do not use with heated air in
| °C( *F)!"or with an equivalent statement. The temperature value in the gtatement shall
bt at whichithe fan was tested. See 24.2 and 24.3.

36.11 A duo
equivalent std

t fan.not intended for outdoor exposure shall be marked "For interior use only" or with an

tement

36.12 If a manufacturer produces or assembles ventilators at more than one factory, each finished
ventilator shall have a distinctive marking to identify it as the product of a particular factory.

36.13 A ventilator that will not start and attain normal running speed when connected to a circuit
protected by a fuse of other than the time-delay type as described in the Exception to 22.1 shall be plainly
marked, "When connected to a circuit protected by fuses, use time-delay fuses" or with an equivalent
statement.

36.14 If during the temperature test, any point within a terminal box or wiring compartment of a ventilator
in which field-installed conductors are intended to be connected, including such conductors, attains a
temperature rise of more than 30°C (54°F) for a compartment integral with the ventilator or 35°C (63°F) for
a remotely mounted compartment, or for a duct fan intended for interior use, the ventilator shall be marked
with the following statement or the equivalent, "For supply connections, use wires rated for atleast _ °C
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(S

°F)." The temperature value used in the statement shall be in accordance with Table 36.1. The

marking shall be located at or near the point where supply connections are to be made, and located so
that it will be visible during installation.

Table 36.1
Outlet-box marking

Temperature rise during test in terminal box or compartment

Integral Remotely mounted?® Temperature marking
31-45°C (56 — 81°F) 36 —50°C (65— 90°F) 75°C (167°F)
46 -60°C (82 — 108°F) 51-65°C (91— 117°F) 90°C (194°F)
2 Applies to a duft fan intended for interior use.
36.15 Any elgctrical part of a ventilator not assembled to the remainder of the unitwhen shipped from the

factory shall b
to indicate cl
manufacturer'
transfer, press
means.

b plainly marked — such as with the catalog number or model designation of t
barly the unit with which it is designed for use and shall also be ma
5 name. The markings shall be applied directly to the part by)a gummed or

36.16 A venfilator employing other than a totally-enclosed mator that is in the main air st

plainly marked
air," or with an

36.17 If conr
provided on a

a) Whi

b) Any
interco
necess

36.18 A ven
moving parts f
"MOUNT WIT]
LEVEL", or thq

, "For general ventilating use only — do not use.to exhaust dirt-, dust-, grease
equivalent statement. See 14.2.1.

wiring diagram on the ventilator indicating:
h components and connections‘are factory-installed and which are to be field

special requirement for the point of connection of the supply circuit and for fiel

ary, and the like.

ilator that relies”on the height of the installation to reduce the likelihood o
er 6.5.6 shall’be marked with the word "CAUTION" and the following or equiv

equivalent.

ure-sensitive sticker, stenciling or stamping with ink or<paint, or by equiv

ections between components of a ventilator are to be made in the field, inform

H THE(LCOWEST MOVING PARTS AT LEAST 2.4 m (8 ft) ABOVE FLOOR

e ventilator —

:I‘ked with the

Hecalcomania
alent durable

ream shall be
L, or lint-laden

ation shall be

nstalled; and

d wiring of the

hnections — such as the necessity of moisture-resistant wire insulation, the size of wire

f exposure to
blent wording:
OR GRADE

36.19 A 2-wi

(aYaYal 240 14 FH Hs ol ael £ H 4 H H 4 v~
C, 22U = 25U VUIL VCTIUIaluT TTTTiucTUu 10T CUTTTITULUIT U a LITLUIit vpeiatiity at 1

volts or less

to ground shall be marked with the word "WARNING" and the following or its equivalent: "To Reduce The
Risk Of Electric Shock — Do not connect to a circuit operating at more than 150 volts to ground."

36.20 A ventilator that is shipped from the factory without the motor and drive assembly shall be plainly
marked as shown in (a) — (e).

a) Identification of all motors suitable for installation on the ventilator. Identification shall include
manufacturer's name, model or cat. no., and electrical rating as required by 35.1 (a) — (f).

b) Motors which incorporate motor-overload protection shall be so identified per 36.5.

¢) Motors which do not incorporate motor-overload protection (not marked "thermally protected")
shall be so identified to indicate that remote motor-overload protection is required per 36.6.

d) The

marking shall include:
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1) A provision for marking on the unit to indicate which motor has been installed; and

2) The following instruction: "Mark the motor list to indicate which motor has
by (include specific method). For dual voltage motors, indicate the voltage
motor is connected." (Equivalent wording may be employed).

been installed
for which the

These markings are for use by the manufacturer's designated organization (such as a distributor)

who is

responsible for installing the motor and drive assembly.

e) The marking shall include a reference to enclosed installation or operating instructions for

identifi

36.21 A ven
power supply
OR DEATH: ]
POWER SUR
This marking

I 36.22 Conn

cation of the proper drive assembly to be installed.

. . I I ided wi .
and the following warning; “WARNING: RISK OF ELECTRIC SHOCK. CANC

[HIS UNIT SUPPLIED BY MULTIPLE SOURCES, DISCONNECT All REMO]
PLIES BEFORE SERVICING”, in letters not less than 3.2 mm (1/8 in) high, or
shall be located on all panels providing access to hazardous voltage.Uninsulate

bction points intended for Class 2 connections shall be marked *CLASS 2” or th

nnect for each
A\USE INJURY
[E ELECTRIC
he equivalent.
ed live parts.

e equivalent.
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SUPPLEMENT SA — DRYER EXHAUST DUCT POWER VENTILATORS (DEDPV) FOR SINGLE
RESIDENTIAL DRYERS

INTRODUCTION
SA1 Scope

SA1.1 This Supplement covers permanently-connected and cord-connected dryer exhaust duct power
ventilators serving a single residential dryer. These products are rated to 250 volts or less. The
requirements in this Supplement are in addition to the requirements in Sections 1 — 36.

SA2 Glossary

SA2.1 INTERLOCKED VENTILATOR — A dryer exhaust duct power ventilator used in ¢@njunction with
controls that will de-energize the clothes dryer if the dryer exhaust duct power ventilatonfail$ to operate as
intended.

SA2.2 DRY
of an impeller
duct flanges 1
extend the ler]

SA2.3 EQU
airfowasas

CONSTRUCT

SA3 General

SA3.1 The
clothes dryer

a)Atg

b) Pro
and

¢) Sup

SA3.2 Adry

FR EXHAUST DUCT POWER VENTILATOR (DEDPV) — An air-meving applia
— which may be of the centrifugal, axial, or propeller type —.and-an integral dr

gth of the dryer exhaust duct.

pecific duct system with fittings such as bends and.transition pieces.

ION

motor of a dryer exhaust ductxpower ventilator for installation within the ai
exhaust duct, shall be:

tally enclosed thermally protected motor;

Vided with an insulation system of Insulation Class “B” , “F” or “H” suitable for t

plied with motor lead wires that are rated for a minimum of 105°C (221°F) and

er exhaust duct power ventilator shall be provided with at least one of the follov

a) Me

nce consisting
ver, fitted with

or connection to a 4-inch (101.6-mm) residential dryer exhaust duct, to maintain airflow to

VALENT DUCT LENGTH — The length of straight.duct which offers the samg resistance to

[stream of the

ne application;

rated VW-1.

ving:

bns)to sense the operation of the clothes dryer, which automatically turns

on the dryer

exhaust duct power ventilator as required in Section SA7, Operation of Controller an

Interlock; or

b) An interlocking device, which prevents the clothes dryer from being energized if the dryer
exhaust duct power ventilator fails to operate as intended.

SA3.3 A dryer exhaust duct power ventilator shall have provisions for access to the motor impeller, inlet
and outlet ducts for periodic cleaning.

SA3.4 A dryer exhaust duct power ventilator, complying with SA3.2(a), shall also be provided with a
means to operate a visual error indicator and/or an audible alarm if the dryer exhaust duct power ventilator
fails to start or malfunctions, causing an abnormally high static pressure in the inlet duct of the ventilator.
The alarm or visual error indicator shall be activated not more than 4 minutes after the static pressure in
the inlet duct of the ventilator reaches 0.16 inches (4.0 mm) of water column or more, as required in
Section SA9, Operation of Audible Alarm or Visual Error Indicator Test for Controllers and Shut-Down for
Interlocking Device.
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SA3.5 A notification/annunciator panel shall be provided for dryer exhaust duct power ventilators
complying with SA3.2(a) and such panel shall incorporate an audible or visual indicator in accordance with
SA3.6 and shall display the wording in SA17.2 (a), (b), or (c), respective to the notification scheme.

SA3.6 The notification/annunciator panel shall meet the following requirements:

a) A permanent label or marking on the back of the panel shall state the installation location
requirements in accordance with SA18.5(a)(3).

b) Screw(s) shall be used for attachment to the wall.

c) Battery powered notification/annunciator panels shall not be permitted.

d) For

e) For

audible notification.schemes:

1) The audible notification shall be capable of annunciating for a minimum™q
sound output equivalent to that of an omnidirectional source with an“A-wg
pressure level of at least 70 decibels (db) at 10 feet (3.05 m) withytwo ref]
assumed.

2) Audible signals shall continue to sound until the system resumes proper
until the end of the dryer cycle, whichever occurs first.

3) Audible natifications shall notify the dryer operater©f normal dryer exhau
ventilator function at the beginning of each dryer cycle/in addition to notificatio

isual notification schemes:
1) Visual notifications shall be clearly noticgable in daylight.

2) Visual notifications shall notify the dryer operator of normal dryer exhau
ventilator function by constant illumination of the visual indicator.

3) The visual notification shall notify the dryer operator of a failure of the drye
power ventilator. The visual ©otification shall consist of a series of flashes and
after completion of a dfyer cycle. A lack of illumination of an indicator ligh
depended upon as a notification of dryer exhaust duct power ventilator failure.

4) Visual notifications shall continue showing notifications of failure unt
resumes proper) operation, or power to the dryer exhaust duct power
disconnected,\whichever occurs first. If a failure occurs, the light shall remain|
the end of a-dryer cycle.

f 1 hour, at a
ighted sound
ecting planes

operation, or

st duct power
n of failure.

5t duct power

exhaust duct
shall continue
t shall not be

| the system
ventilator is
flashing after

SA3.7 A dry¢r exhaust duct power ventilator shall de-energize in the event of a fire in the dryer. The de-
energizing of tEe dryer exhaust duct power ventilator shall occur when the air stream temperature exceeds
260°C (500°F i i i i ' > per second).

The dryer exhaust duct power ventilator shall turn off within 15 seconds as required.in Section SA10, High
Temperature Turn Off.

SA3.8 The dryer exhaust duct power ventilator shall maintain a minimum air velocity of 1200 feet per
minute (6.1 meters per second) at the outlet for the longest permitted equivalent duct length as specified
by the manufacturer.

SA3.9 The dryer exhaust duct power ventilator shall limit the air velocity to a maximum of 2200 feet per
minute (10.2 meters per second) at the outlet for the shortest permitted equivalent duct length as specified
by the manufacturer.

SA3.10 Dryer exhaust duct power ventilators shall be located within a minimum and maximum distance
from the dryer as specified by the manufacturer.
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SA3.11 A mechanical switch intended to interlock with the dryer shall be suitable for 100,000 cycles of
operation. Electronic interlock controls shall be evaluated to demonstrate reliability as a protective control,
defined as compliance with the applicable requirements of the Standard for Tests for Safety-Related
Controls Employing Solid-State Devices, UL 991 considering single-fault tolerance, the Standard for
Software in Programmable Components, UL 1998 for Software Class 1, or the Standard for Automatic
Electrical Controls — Part 1: General Requirements, UL 60730-1 considering a Class B control function,
whichever applies.

SA3.11.1 A mechanical switch (e.g., pressure switch) intended only to turn the dryer exhaust duct power
ventilator on or off shall be suitable for at least 6,000 cycles of operation. Electronic controls used in
conjunction with this mechanical switch shall be evaluated as an operating control with the applicable
requirements of the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-
1 considering a Class A control function.

SA3.12 Ad
electrical con

:lyer exhaust duct power ventilator is not required to be provided with a means|for permanent

ection when it is provided with a supply cord that:

a)lsn
unit to

ot longer than 6 feet (1.82 m) measured from the point at which the-cord em
the face of the attachment plug;

prges from the

b) Is Type SJ or equivalent;

c) Is permanently attached to the dryer exhaust duct power véntilator;

d) Haq three conductors, one being the equipment grounding conductor; and

e) Complies with the requirements of SA3.13 — SA3.17~

SA3.13 The
appliance, an

flexible cord shall be rated for use at a voltage not less than the rated
4 shall have an ampacity not less thamsthe current rating of the appliance.

voltage of the

SA3.14 The

SA3.15 The
less than the

voltage rating of the attachmentplug shall not be less than that of the appliang

current rating of the attachment plug for an appliance rated 12 amperes or le
current rating of the appliance. For an appliance rated more than 12 amper

e.

5s shall not be
ps, the current

rating of the aftachment plugs shallnot be less than 125 percent of the current rating of the gppliance.

SA3.16 Strdin relief shall be provided so that the mechanical stress on the flexible cord is pot transmitted
to terminals, gplices, or internal wiring as required in Section SA14, Strain-Relief Test.

SA3.17 Mes
of an appliang

ns shallbe provided to prevent the supply cord or lead from being pushed intd the enclosure

e through the cord-entry hole when such displacement results in:

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

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

d) Damaging internal connections or components.

To determine compliance, the supply cord or lead shall be tested in accordance with Section SA15, Push
Back Relief Test.

SA3.18 Polymeric impellers shall comply with the applicable mechanical property considerations,
flammability, and thermal requirements for the airstream for which they are exposed as specified in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.
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SA3.19 The dryer exhaust duct power ventilator shall have dryer exhaust duct connections of 4 inch
nominal diameter. The dryer exhaust duct power ventilator enclosure shall be constructed of galvanized
steel or aluminum with a minimum thickness of 0.016 inch (0.406 mm).

SA3.20 The dryer exhaust duct power ventilator shall be supported by a means other than the dryer
exhaust duct. The acceptability of the mounting means shall be determined by Section SA11, Static Load
Test.

PERFORMANCE

SA4 General

and applicablg tests of UL 705.
SA5 Temperature (Normal)

SA5.1 A dryer exhaust duct power ventilator shall be subjected to the test specified in Sgction 24 after
being subject¢d to the Lint Test in SA13. The test shall be conducted ‘with an inlet aif temperature
corresponding to the manufacturer’s specified caution marking of SA17.1,-as shown in Table SA18.1. A
thermocouple [grid as identified in 24.3 having an accuracy of £1°C (+2°F) shall be used td measure the
airstream temperature. The thermocouple grid shall be located 6-inches (150 mm) upstream from the
dryer exhaust duct power ventilator inlet. See Figure SA5.1.

Figure SA51
Temperature test

Dryer Exhaust Duct
Power Ventilator
UndefTest

Thermocouple Grid Damper

Heat
Source

6 inches

su0554
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SA6 Humidity Conditioning

SAB.1 A dryer exhaust duct power ventilator shall be subjected to the humidity conditioning test of the
Standard for Electric Fans, UL 507, except that the conditioning shall be done at a relative humidity of 93%
1 2%.

SA7 Operation of Controller and Interlock

SA7.1  The dryer exhaust duct power ventilator shall be connected to a dryer with a 4-inch (101.6-mm)
diameter, galvanized rigid metal duct in accordance with Figure SA7.1. The inlet duct length shall be 6 feet
(1.8 meters) and the outlet duct length shall be 4.5 feet (1.4 meters). Four pressure taps, installed in
accordance with Figure SA7.2, shall be located at Station A and Station B. A single damper (Damper 1)
shall be located in the inlet duict and a Qinglp damper (Damppr 9) shall be located in the autlet duct.

Figure SA7.1
Controller and interlock test?

Dryer Exhaust Duct
Power Ventilator
Under Test

Static Pressure Btatic Pressure
Tap ( StationA) Bp ( Station B )

Damper 1 Damper 2
Clothes Dryer !. j

|
6 inches <l__. __.i_ 6 inches
6 Feet 4.5 Feet 4_'

—]

© 2009 ASHRAH Standard 51-1999. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., Www.ashrae.org.

su0555

@ With the permission of ASHRAE, this Figure is reproduced from the ASHRAE Standard 51-1999, with dimensional values modified.
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Figure SA7.2

Duct pressure measuring assembly®

RIGID OR FLEXIBLE TUBING 6 mm (1/4in.) ID , Min.

(2 Equal Length Sections ) CONNECTING TUBING
TO PRESSURE INDICATOR

~

Z RIGID OR FLEXIBLE TUBING ‘é‘g}%&‘;‘? (TYP)
(4 Equal Length Sections )

MEASURING DUCT

NOTES: 1. Manifold tubing.internal area shall be at least 4 times that of a wall tap.
2. Connecting-tubing to pressure indicator shall be 6 mm (1/4 in.) or larger in ID.
3. Taps shall be within £ 13 mm (1/2 in.) in the longitudinal direction.

© 2009 ASHRAE $tandard\54<1999. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.| www.ashrae.org.

su0556

b With the permission of ASHRAE, this Figure is reproduced based on the original ASHRAE content, from the ASHRAE Standard 51-
1999.
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SA7.2 With the clothes dryer running, Damper 1 closed and Damper 2 open — gradually opening Damper
1, the controller or interlock shall automatically operate the dryer exhaust duct power ventilator within 1
minute when a static pressure at Station A of 0.08 inches (2.0 mm) water column or less is achieved.

SA7.3 For dryer exhaust duct power ventilator with an interlock, the dryer shall be turned off. The dryer
exhaust duct power ventilator shall turn off within 5 minutes.

SA8 Minimum and Maximum Air Velocity

SA8.1 The dryer exhaust duct power ventilator shall be connected to a 4-inch (101.6-mm) diameter,
galvanized rigid steel duct, approximately 12 feet (3.7 meters) in length in accordance with Figure SA8.1,
without connection to clothes dryer. The inlet duct length shall be approximately 3 feet (1 meter) and the

outlet duct Ianth shall be appmximatply 9 feet (?7 mptpre) Four pressure taps shall be installed
approximately 6 inches (150 mm) from the inlet and outlet of the ventilator in accordan¢e with Figure
SA7.2.
Figure SA8.1
Duct velocity test assembly
Dryer Exhaust Duct
Powef Ventilator
nder Test
Static Pressure Static Pressure
Tap ( Station A) Tap ( Station B )
/7Damper
l l
6 inches — ! 6 inches
Appr 3 Feet Appr 9 Feet
su0557

SA8.2 A damper shall be installed at the outlet of the discharge duct. The damper shall be adjusted to
give a differential pressure across the dryer exhaust duct power ventilator equal to the rated equivalent
minimum duct length as indicated in the manufacturer’s installation and operation manual in accordance
with SA18.4(g). The measured air velocity in the duct shall not exceed 2200 fpm (11.2 m/s) measured at
the center of the duct after the differential pressure across the dryer exhaust duct power ventilator is set.

SA8.3 The dryer exhaust duct power ventilator shall be removed and replaced with the sample that was
subjected to the Lint Test in SA13. The damper shall be readjusted to give a differential pressure across
the dryer exhaust duct power ventilator equal to the rated equivalent maximum duct length as indicated in
the manufacturer’s installation and operation manual in accordance with SA18.4(f). The measured air
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velocity in the duct shall be not less than 1200 fpm (6.1 m/s) measured at the center of the duct after the
differential pressure across the dryer exhaust duct power ventilator is set.

Note: The differential pressure across the dryer exhaust duct power ventilator is based on the Friction Chart for Round Duct, Figure 9
of the 2001 ASHRAE Fundamental Handbook. For a 4-inch (101.6-mm) diameter galvanized steel duct at an air velocity of 1200 fpm
(6.1 m/s), the differential pressure is equal to 0.65 inches of water column per 100 linear feet (16.5 mm of water column per 30.5
linear meters). For example, a dryer exhaust duct power ventilator with a rated equivalent duct length of 40 feet, the differential
pressure used for the test will be 40/100 x 0.65 = 0.26 inches of water column. To measure differential pressure across the dryer
exhaust duct power ventilator, the positive pressure side (outlet) of the dryer exhaust duct power ventilator is to be connected to the
positive pressure side of a pressure meter and the negative pressure side (inlet) of the dryer exhaust duct power ventilator is to be
connected to the negative pressure side of the same pressure meter.

SA9 Operation of Audible Alarm or Visual Error Indicator Test for Controllers and Shut-Down for
Interlocking Device

SA9.1 A dryer exhaust duct power ventilator shall be installed in the duct with presdure adjusting
dampers as described in SA7 and Figure SA9.1. Damper 1 shall be in the fully opened position and
Damper 2 sha|l be adjusted to give a static pressure at Station B of 0.39 inches (10,mm) of water column.

Figure SA9.1
Controller and shut-down test?

Dryer Exhaust Duct

Power Ventilator

Under Test
Static Pressure Static Pressure
Tap ( Station A) Tap ( Station B)

Damper 1 Damper 2
Clothep Dryer
I
210 inches — | L_>f 6 inches
6 inches

© 2009 ASHRAE btandard-5 ¢ www.ashrae.org.

su0558

@ With the permission of ASHRAE, this Figure is reproduced from the ASHRAE Standard 51-1999, with dimensional values modified.
SA9.2 With the clothes dryer operating, the dryer exhaust duct power ventilator’s inlet static pressure
shall be increased by gradually reducing the dryer exhaust duct power ventilator’s speed until 0.16 +0.02

inches of water column (4.0 £0.5 mm of water column) is reached, and within 4 minutes, the alarm and/or
visual error indicator shall operate or the interlocking device shall shut down the dryer.

SA10 High Temperature Turn Off

SA10.1 The dryer exhaust duct power ventilator shall be connected to a 4-inch (101.6-mm) diameter,
galvanized rigid steel duct. A heater shall be connected to the inlet of the steel duct. The distance between
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the dryer exhaust duct power ventilator and the heater shall be the maximum allowable length that the
dryer exhaust duct power ventilator is permitted to be installed from the dryer connection as stated in the
manufacturer’s installation instructions as specified in SA18.4(e). A thermocouple grid shall be located in
the steel duct a distance of 6 inches (150 mm) downstream from the heater in accordance with Figure
SA10.1. The thermocouple grid shall measure the air stream temperature to an accuracy of £1°C (+2°F).

Figure SA10.1

High temperature test

Thermocouple Grid Dryer Exhaust Duct
\ Power Ventilator
UnderTest \
Damper
Heat

Sourge | |

6 inches - Maximum Allowable Length
su0559

SA10.2 The|heater shall be adjusted to raise the air stream temperature to 260°C (500°F) with the dryer
exhaust duct [power ventilator operating. The dryer exhaust duct power ventilator shall turp off or reduce
the flow of airto 7 cfmror less within 15 seconds of the air stream temperature reaching 26p°C (500°F) at
an airstream yelocity:of 1200 feet per minute (6.1 meters per second + 5%).

SA11 StatidLoad Test

SA11.1  Adryer exhaust duct power ventilator shall be subject to a static load test. When subjected to the
test specified in SA11.2 and SA11.3, a dryer exhaust duct power ventilator shall comply with the following:

a) The security of the attachment of the appliance to the stud or joist shall not be adversely
affected;

b) There shall be no evidence of a risk of fire or electric shock;

¢) The insulation resistance between live and dead-metal parts shall not be less than 50,000 ohms;
and

d) The appliance shall withstand for 1 minute without breakdown the application of a 60-hertz
essentially sinusoidal potential of 1000 volts between live and dead-metal parts.
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SA11.2 The dryer exhaust duct power ventilator shall be mounted in accordance with the installation
instructions provided by the manufacturer on nominal 2 by 4-inch wood studs/joists. The mounting parts
are to be used as specified in the instructions.

SA11.3 After installation, the dryer exhaust duct power ventilator shall be subjected to a static load. The
load is to be applied so as to transmit the maximum amount of stress to the mounting means and is to be
increased during a 5 to 10 second interval, until a load equal to the weight of the product plus a force of 3
times the weight of the product, but not less than 10 pounds (45 N), is applied to the mounting system. The
load is to be maintained for 1 minute.

SA12 Sound Output Measurement Test

SA12.1 The beration room

using procedd
Sound Pressu
1/3 octave bar
to each 1/3 oc
is thento be c
6dbistobea

SA12.2 Each audible notification panel shall be mounted on a 3/4-jnch (19.1 mm) p

measuring 2 i
degrees to thg
emitting a con

SA12.3 The
omnidirectiona
(3.05 m) with t

SA13 Lint Test

SA13.1 One
sequence of §

res outlined in Acoustics Determination of Sound Power Levels of Noise)S$
re Precision Method for Reverberation Rooms, ANSI/ASA 12.51. The spund
d shall be determined using the comparison method. The A-weighting«factor g
ave band. The total power is to be determined on the basis of actualpower. T
bnverted to an equivalent sound pressure level for a radius of 10 feeb (3.05 m)
jded to allow for two reflecting planes.

y 2 feet (610 by 610 mm), supported in a vertical plane, and positioned at 4
walls of the reverberation room. For testing, the alarm horn duty cycle shal
inuous tone.

audible notification shall be capable of providing a sound output equivalent
| source with an A-weighted sound pressure level of at least 70 decibels (
wo reflecting planes assumed for a minjmum of 1 hour.

A13.2 — SA13.7 until lint-weighing a minimum of 1.26 ounces (36 grams) has

in the post-DH
velocity requir

SA13.2 The
feet (1.524 m)

DPV lint filter. Upon completion of the test, the sample shall comply with the
ements of SA8 (for maximum duct length).

dryer exhaust duct power ventilator shall be installed with the ventilator inlet 10
from the dryerwith one 90° facing elbow located between the dryer outlet and

Rigid steel 4-i

used in the ingtallation. JThe total equivalent duct length from dryer outlet to duct terminatic

feet (12.2 m).

accumulation, |prierto the initiation of the test.

ch (101.6-mm) duct shall be connected to the ventilator inlet and outlet, no sq

he Clothes dryer and associated duct installation shall be cleaned thoroughly,

ources using
bower in each
hall be added
he total power
An additional

ywood board
n angle of 45
be defeated,

to that of an
ib) at 10 feet

sample of the dryer exhaust duct power ventilator (DEDPV) shall be subjecled to the test

accumulated
minimum air

cated 5 linear
the ventilator.
rews shall be
n shall be 40
to remove lint

SA13.3 The clothes dryer duct shall terminate in a lint trap measuring 12 inches (305 mm) wide, 12
inches (305 mm) long, and 12 inches (305 mm) high. The lint trap construction shall consist of a frame
made of 3/8 inch square wooden dowels wrapped in 0.25 mm * 0.02 mm diameter wire steel mesh with
0.8 mm square openings. One side of the lint trap shall include the male end of the duct connector
mounted to 3/8 inch plywood.

SA13.4 During the test, the test room shall be maintained at a temperature of 25 + 5°C (77 £ 9°F) and 50
1 20% relative humidity.

SA13.5 One load of new terry cloth towels weighing 7 + 0.2 pounds (3.15 + 0.1 kg) shall be subjected to
a wash cycle described in Table SA13.1. The load is to consist of 5 pieces measuring 30 inches (762 mm)
by 54 inches (1372 mm), one piece measuring 16 inches (406 mm) by 26 inches (660 mm), and one piece
measuring 12 inches (305 mm) by 12 inches (305 mm).
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Table SA13.1
Wash cycle details
Detail Setting
Machine Cycle Normal/Cotton
Washing Temperature 60° £3°C (140° £5° F)

Water Level 18 +1 gallons
Agitator Speed 179 £2 spm
Washing Time 12 minutes

Spin Speed 645 £15 rpm
Final Spin Time 6 minutes

Detergent 66 +1 grams of 1993 AATCC Standard Refer¢nce Detergent

SA13.6 The

washed load of terry cloth shall be placed in the clothes dryer withy the

dryer lint filter

removed. The dryer cycle controls shall be set to generate the conditions describéd in Table SA13.2, and
shall be operated for a minimum of 60 minutes prior to cool down.
Table SA13.2
Dryer cycle details
Detail Setting
Exhaust Temperature 66° £5°C (150° £10°F)
Cool Down Time 10 minutes
Note: Exhaust temperature shall be verified by placing four pound,of'dry ballast in the dryer and setting the timer t¢ 30 minutes.

Temperatures 4
temperatures s

5 close as possible to the back of the machine shall be continuously monitored for 15 minutes. Ped
all be as defined in Table SA13.2 £5° C.

k cycle

SA13.7 Whi
load 2, as d¢
completion of
controls set t
again to the v
after each dry
described in §

e the first load of terry cloth-is_if the clothes dryer, a second load of terry clo
scribed in SA13.5 shall befsubjected to the wash cycle described in Table
this wash cycle, terry cloth load 2 shall be transferred to the tumble dryer w
b generate the conditions described in Table SA13.2. Terry cloth load 1 shal

ing cycle. This.sequence shall be repeated until the total weight of the lint
A13.1.

SA14 Straip-Relief-Test

SA14.1 The

sttain relief means provided on a flexible cord shall withstand for 1 n
a~direct pull of 35 pounds (155.68 N) applied to the cord with the connecti

h — terry cloth
SA13.1. Upon
ith dryer cycle

be subjected

vash cycle described\in Table SA13.1. Lint shall be removed from the lint trap and weighed

Collected is as

hinute without
ns within the

displacement

appliance disconnected. The strain relief is not acceptable when, at the point of disconnection of the
conductors, there is such movement of the cord as to indicate that stress on the connections have

resulted.

SA15 Push

SA15.1

Back Relief Test

SA15.2. without occurrence of any of the following conditions:

a) Mechanical damage to the supply cord or lead;

A cord-connected dryer exhaust duct power ventilator shall be tested in accordance with

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

c) Reduction of spacings (such as to a metal strain-relief clamp) below the minimum required
values; or
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d) Damage to internal connections or components.

SA15.2 The supply cord or lead is to be held 1 inch (25 mm) from the point where the cord or lead
emerges from the product and is then to be pushed back into the product. When a removable bushing
which extends further than 1 inch (25 mm) is present, it is to be removed prior to the test. When the
bushing is an integral part of the cord, the test is to be carried out by holding the bushing. The cord or lead
is to be pushed back into the product in 25-mm (1-inch) increments until the cord buckles or the force to
push the cord into the product exceeds 6 pounds-force (27 N). The supply cord or lead within the product
is to be manipulated to determine compliance with SA15.1.

SA16 Leakage Current Test

SA16.1 A ¢
accordance with SA16.3 — SA16.6. Leakage current shall not exceed 0.75 milliampere.

be tested in

SA16.2 LeaKage current refers to all currents, including capacitively coupled currents, thatfare conveyed
between expoged conductive surfaces of an appliance and ground or other expoeséd conduttive surfaces
of an applianceg.

SA16.3 All gxposed conductive surfaces are to be tested for leakage, currents. The leakage currents
from these suyirfaces are to be measured to the grounded supply conductor individually as well as
collectively where simultaneously accessible. Parts are considered to be exposed suffaces unless
guarded by an enclosure determined to reduce the risk of electric\shock. Surfaces are considered to be
i accessible when 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 rigk of electric shock. When all accessible surfaces are bonded together and cofnected to the
grounding comductor of the power-supply cord, the leakage current can be measured|between the
grounding conductor and the grounded supply conductor:

SA16.4 When a conductive surface other than-metal is used for the enclosure or part of the enclosure,
the leakage clirrent is to be measured using‘metal foil having an area of 3.9 by 7.9 inches (10 by 20
centimeters) i contact with the surface. Whien the surface has an area of less than 3.9 by 7.9 inches (10
by 20 centimeters), the metal foil is to be.the same size as the surface. The metal foil is ngt to remain in
place long enqugh to affect the temperature of the appliance.

SA16.5 The |measurement circuit for leakage current is to be as illustrated in Figure|SA16.1. The
measurement|instrument is defined in (a) — (d). The meter that is actually used for a measprement need
not only indicdte the same humerical value for a particular measurement as would the defingd instrument.
The meter usgd is not required to have all the attributes of the defined instrument:

a) The|meteristo have an input impedance of 1500 ohms resistive shunted by a dapacitance of
0.15 mjcrofarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
the voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — equal to the ratio of the impedance of a
1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of 0.5
milliampere, the measurement is not to have an error of more than 5 percent at 60 hertz.

d) Unless the meter is being used to measure leakage from one part of an appliance to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.
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Figure SA16.1

Leakage current measurement circuits

MEASUREMENT
PRODUCT INSTRUMENT

GND

o 1 OPEN

A -——p {INSULATING TABLE}

_ =
l 2

é%%w v Ci/&—/;f ==

4

e
LC105C ~ GROUNDED SUPPLY CONDUCTOR N

Product intended|for connection to a 120-V or an end-grounded 2-wire 240-volt power supply

MEASUREMENT
(208V) OR  (240V) PRODUCT INSTRUMEN
AN ’ l_s
() 2
Y 120V
oy 208V é /°/?_‘L:®_| D: s )]
Y | N N U Ty o (e A SN N | ap—
Z 120V Nt b
ko) S 7 GND T
o ] OPEN
A=—=pB {INSULATING TABLE|
Lchose = = GROUNDED OR GROUNDING CONDUCTOR X

Product intended|for connection to a 3-wire 208-volt or a 3-wire 240-volt grounded/neutral power supply
NOTES:
+ — Prope with shielded lead.

* — Sepprated and used as a clip when measuring current frem one part of appliance to another.
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SA16.6 A sample of the appliance is to be tested for leakage current in the as-received condition, without
prior energization except as occurs as part of the production line testing, but with the grounding conductor
open at the attachment plug. The supply voltage is to be adjusted to the values specified in Table 23.1 (ie.
nominal system voltage). The test sequence, with reference to the measuring circuit, Figure SA16.1, 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 appliance 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 appliance switching

devices in all their normal operating positions.

c) The
tobeu
in the n

SA16.7 Norr
interruption fo
not prohibited

MARKING

SA17 Details

SA17.1 Adr
the details will

a) App
b) Dire

c)Aca

SA17.2 Dry¢g
the notificatiorn
respective of
words “WARN
upper case let

a) The
clothes

eakage current is to be monitored until thermal stabilization. Both positionsof
ed in determining this measurement. Thermal stabilization is to be obtained.b
ormal temperature test.

hally the complete leakage current test, as described in SA16.6,is\t0 be cong
other tests. However, with the concurrence of those concerned, the leakage
from being interrupted to conduct other nondestructive tests:

switch S2 are
operation as

ucted without
current test is

er exhaust duct power ventilator shall be marked in a permanent manner in @ place where

be readily visible with the following:
icable caution marking in accordancgawith Table SA18.1;
Ction of the airflow; and

ution statement that the ventilator shall not be used in conjunction with high ou

r exhaust duct power, ventilators which comply with SA3.2(a) shall also have
/annunciator panek The text on the notification panel shall be in accordance
the notification/scheme. Text shall be in contrasting color to the backgroun
NG: RISK OF FIRE” in the following text shall be located at the beginning of a
ers not less'than 3/32 inch (2.4 mm) high.

verbatim“text for audible notification shall be as follows: “WARNING: RISK (
dryer installation incorporates a dryer exhaust duct power ventilator

put dryers.

a warning on
with a, b or c,
d. The signal
paragraph, in

DF FIRE. This
(DEDPV). A

continy

ous’ or cycled alarm sounding or lack of short alarm sound at beginning of ea

Ch dryer cycle

indicates failure of the DEDPV. Immediately stop using clothes dryer until the DEDPV has been
serviced. A short alarm sound at the beginning of each dryer cycle indicates normal DEDPV
operation. DO NOT REMOVE OR COVER THIS PANEL.”

b) The verbatim text for visual notification shall be as follows: “WARNING: RISK OF FIRE. This
clothes dryer installation incorporates a dryer exhaust duct power ventilator (DEDPV). A flashing
light or no light indicates failure of the DEDPV. Immediately stop using the clothes dryer until the
DEDPV has been serviced. A constantly illuminated light indicates normal DEDPV operation. DO
NOT REMOVE OR COVER THIS PANEL.”

¢) The text for systems with audible and visual indicators, or where the notification scheme varies
from (a) or (b), shall consist of the following text in the order listed and upper case when so noted:

— “WARNING: RISK OF FIRE. This clothes dryer installation includes a Dryer Exhaust Duct
Power Ventilator (DEDPV).”

— Description of indication of failure of the DEDPV.
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INSTRUCTIO

SA18

SA18.1
installation an

— “Immediately stop using clothes dryer until DEDPV has been serviced, repaired or

replaced.”
— Description of indication of proper operation.

—“DO NOT REMOVE OR COVER THIS PANEL.”

NS

Instruction Manual

d operating instructions.

SA18.2 The
instructions ¢
equivalent, sh

SA18.3 The
operating insf

SA18.4 The

heading “IMPORTANT SAFETY INSTRUCTIONS” or the equivalent shall pre
f the instruction manual, and the statement “SAVE THESE INSTRUCT
all either precede or follow the list of instructions.

Fuctions.

installation instructions shall contain the following:

A dryer exhaust duct power ventilator shall be provided with an instruction manual containing

cede the list of
ONS”, or the

words “READ AND SAVE THESE INSTRUCTIONS” shall.appear in the ipstallation and

a) Apglicable caution marking in accordance with Table.SA18.1;

b) A sfatement that the ventilator shall be accessible after installation;
c) Guiglelines for the installation and location of the ventilator in the exhaust duct of tHe dryer;

echanical, fuel
ng jurisdiction;

d) A statement indicating that the installatiotrmust comply with local electrical and m
gas, of building codes, and must be inspected and accepted by local authorities havi

e) A statement indicating the minimum and maximum distance to install the dryer exhaust duct

power|ventilator from the clothes dryer;

f) The
based
duct;

equivalent maximumiduct length of the dryer exhaust duct power ventilator i feet (meters),
on a minimum ductvelocity of 1200 fpm (6.10 m/s ) for a 4-inch (101.6-mm) diameter metal

g) Thqg equivalent minimum duct length of the dryer exhaust duct power ventilator in feet (meters),

based|on a maximum duct velocity of 2200 fpm (11.2 m/s ) for a 4-inch (101.6-mm) diameter metal
duct;
h) A gtatement indicating that insulated dryer exhaust duct shall not be used upstream of the

ventilator; and

i) A caution statement that the ventilator must not be used in conjunction with high output dryers.

SA18.5 The operation instructions shall contain the following:

a) For ventilators that are not interlocked — The important safety instructions for a dryer exhaust
power ventilator shall include the following warning and instructions verbatim and in the order
shown: “WARNING — TO REDUCE THE RISK OF FIRE, ELECTRIC SHOCK, OR INJURY TO
PERSONS, OBSERVE THE FOLLOWING: (1) Your clothes dryer installation incorporates a dryer
exhaust power ventilator (DEDPV) which may be in a different location than your dryer, such as in
an attic, crawl space or basement. (2) Your clothes dryer depends on the DEDPV for its safe and
efficient operation. Operating your dryer without a functional DEDPV will result in inefficient dryer
operation, excess energy consumption and a possible fire hazard. See warning on the alarm
notification panel. (3) The notification/annunciator panel shall be permanently installed within the
space in which the clothes dryer is installed. In the case of a dryer installed in an alcove provided
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with a door or doors the natification/annunciator panel shall be installed within the alcove or be
installed immediately adjacent to the doors of the alcove. The notification/annunciator panel shall
be located where it will be readily visible after the dryer is installed without having to open any
doors other than those necessary to access the dryer.”

b) For ventilators that are not interlocked — explanation and description of the function and
operation of the error sensing mechanism (pressure or electrical switch);

c) For interlocked ventilators — explanation and description of the function and operation of the
interlocking mechanism; and

d) Cleaning instructions of the dryer exhaust duct power ventilator.

Table SA18.1
Temperature ratings and caution markings

Inlet Air Temperature to|Dryer Exhaust
Duct Power Ventilator for Temperature

Minimum Distapce from Clothes Dryer Caution Markings (Normal) Tgst
5 fept (1.524 m) “CAUTION: Do not install less than 5 feet 275°C (1671F)
from clothes dryer exhaust outlet” or
equivalent.
and

“CAUTION: Do not exhaust air in excess
of 167°F” or equivalent:

10 fget (3.048 m) “CAUTION: Do not install less'than 10 =70°C (158[F)
feet from clothes dryer exhaust outlet” or
equivalent,

and
“CAUTION: Do net-exhaust air in excess
of 158°F or equivalent.

15 fget (4.572 m) “CAUTION:Do not install less than 15 2 65°C (149(F)
feet from'clothes dryer exhaust outlet” or
equivalent.

and

“CAUTION: Do not exhaust air in excess
of 149°F” or equivalent.
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SUPPLEMENT SB — UL 60335-1 BASED REQUIREMENTS FOR THE EVALUATION OF ELECTRONIC
CIRCUITS

The requirements in Supplement SB have been adapted by UL from IEC 60335-1 Ed. 5.1 b:2013 with
permission of the American National Standards Institute (ANSI) on behalf of the International
Electrotechnical Commission. All rights reserved.

INTRODUCTION
SB1 Scope

SB1.1 Throughout the Supplement, when reference is made to requirements in “this Standard,” the

£ Ll

reference IS J IU\.A'UIIGIIIUIItO ;II thc miai budy vl uie Stalldald GII\‘:{I IIUt tU Uthcl IU\;IU;I uments Of the
Supplement.

SB1.2 Thesp requirements provide alternate requirements for the investigation of electron|c controls and
other circuits pised in appliances covered by this standard.

SB1.3 Thermal motor protectors in direct contact with motor windings and intended for djrect control of
the motor supply are outside the scope of this Supplement even if they ihcorfporate one or more electronic
components.

SB2 General

SB2.1 The flequirements of this Supplement are intendedto apply to the electronic circuit and how it is
integrated in| the appliance. The overall appliance .e0nrstruction, performance testing| and marking
requirements fare applicable as specified in this Standard'except as cited in the following requirements.

SB2.2 DANGEROUS MALFUNCTION — Unintended operation of the appliance that may| impair safety.
Operating comtrol functions whose failure would result in a dangerous malfunction would be considered
safety critical functions. See 2.11.

Note — Control fuhctions whose failure might resultlin a dangerous malfunction would include:

a) Unejkpected operation of the.appliance where the operation would result in risk of electric shock, fire or mechanical
hazard.

b) Unattended energization of a heating appliance where the user has placed flammable materials near the appliance
based on the assumptienithe appliance would remain off.

SB2.3 ELECTRONIC DISCONNECTION — The de-energizing of the functional load of th¢ appliance by
an electronic flevice of a circuit with no air gap.

SB2.4 INTENTIONALLY WEAK PART — A part intended to rupture under conditions of abnormal
operation to prevent the occurrence of a condition which could impair compliance with this standard.

O©IEC. This material is reproduced from IEC 60335-1 Ed. 5.1 b:2013 with permission of the American National Standards Institute
(ANSI) on behalf of the International Electrotechnical Commission. All rights reserved.

SB2.5 LOW-POWER CIRCUIT — A circuit or parts of circuits farther from the supply source than a low-
power point.

SB2.6 LOW-POWER POINT — A point closest to the supply source in an electronic circuit where the
maximum available power to an external load at the end of 5 seconds does not exceed 15 watts.

SB2.7 PROTECTIVE ELECTRONIC CIRCUIT (PEC) — An electronic circuit that prevents a hazardous
situation under abnormal operating conditions. The function of a protective electronic circuit would be
considered a safety critical function. See 2.11.
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SB2.8 RISK OF ELECTRIC SHOCK — A risk of electric shock is considered to exist within a circuit
unless the circuit meets one of the following criteria. The circuit shall be supplied by an isolating source
such that:

a) The voltage does not exceed 30 V rms;

b) The voltage does not exceed 42.4 V peak;

c) The voltage does not exceed 60 V dc continuous; or

d) The voltage does not exceed 24.8 V peak for DC interrupted at a rate of 200 Hz or less with
approximately 50 percent duty cycle.

e) When protective impedance is used, the current available through a 1500 ohm resistor between
the part or parts and either pole of the supply source does not exceed 0.7 mA peak-or|2 mA DC;

1) For frequencies exceeding 1 kHz, the limit of 0.7 mA (peak value)'is) mu
value of the frequency in kHz but shall not exceed 70 mA peak;

Itiplied by the

2) For voltages over 42.4 V peak and up to and including \450 V (peak value) the
capacitance shall not exceed 0.1 uF.

SB2.9 RISK
more than 15

bre a power of
hts.

OF FIRE — A risk of fire is considered to exist at any two points in a circuit whg
vatts can be delivered into an external resistor conneeted between the two poi

CONSTRUCT|ON

SB3 Compadnents
SB3.1 Capa

citors

SB3.1.1 A capacitor connected between two-line conductors in a primary circuit, or between one line

conductor and
primary circuit
the subclasse
Specification:

the neutral conductor or between primary and accessible secondary circuits o
and protective earth (equipment grounding conductor connection) shall comg
5 of the Standard for Fixed Capacitors for Use in Electronic Equipment — Part
Fixed Capacitors far Electromagnetic Interference Suppression and Conn

r between the
ly with one of
14: Sectional
ection to the

Supply Mains,|UL 60384-14, and-shall be used in accordance with its rating.

Note — Details for damp heat, steady state test can be found in 4.12 of UL 60384-14.

SB3.2 Isolafion devices

SB3.2.1 An pptical isolator that is relied upon to provide isolation between primary aphd secondary
circuits or betweenother—circtitsas |Uqui|cd by this-Standard-shaltbeconstructedinaccordance with the
Standard for Optical Isolators, UL 1577, and shall be able to withstand for 1 minute, without breakdown, an
ac dielectric voltage withstand potential of 2500 volts as specified in 26.1 between the input and output
circuits.

SB3.2.2 A power switching semiconductor device that is relied upon to provide isolation to ground shall
be constructed in accordance with the Standard for Electrically Isolated Semiconductor Devices, UL 1557.
The dielectric voltage withstand tests required by UL 1557 shall be conducted at a dielectric potential of
2500 volts as specified in 26.1 for 1 minute.

SB3.2.3 A power switching semiconductor device that is relied upon to provide isolation between primary
and secondary circuits or between other circuits shall be a device (such as a solid state motor controller)
that complies with the Standard for Industrial Control Equipment, UL 508.
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Exception: A power switching semiconductor device located within a component that has been separately
evaluated to the requirements for that component is not required to be further evaluated, provided the
component is used within its established ratings and limitations.

SB3.2.4 A relay that is relied upon to provide isolation between primary and secondary circuits shall
comply with the Standard for Industrial Control Equipment, UL 508.

SB3.3 Printed wiring boards

SB3.3.1 Printed wiring boards shall comply with the Standard for Printed-Wiring Boards, UL 796, and
shall have a flammability rating and other characteristics as specified in this Standard.
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risk of electriq shock need not comply with UL 796.

SB3.3.2 Any printed wiring board that complies with the requirements for Direct Support in the Standard
for Printed Wiring Boards, UL 796, is considered to provide an insulating base with § Comparative
Tracking Indei (CTI) of minimum 100.

SB3.4 Switch mode power supplies
SB3.4.1 Bridging components — switch mode power supplies

SB3.4.1.1 Qomponents connected between the primary and*secondary circuits of an idolating device
such as a syitching transformer or between primary and.'secondary earth reference points shall be
evaluated to provide the specified level of isolation for the“application under normal and abnormal (single
component fault) conditions.

SB3.4.1.2 capacitor connected between primary and accessible secondary circuits shall comply with
Capacitors, Section SB3.1. This shall consist(of a single Class Y1 capacitor or two Class|Y2 capacitors
connected in $eries.

SB3.4.2 Switch mode power supply.insulation system

SB3.4.2.1 Insulation used within a transformer of switch mode power supply shall cdmply with the
Standard for Bystems of Instlating Materials — General, UL 1446, for the specified temperature class of
the insulation|system or thé&Standard for Single- and Multi-Layer Insulated Winding Wire, ULl 2353.

SB4 Identifjcation'of Safety Critical Circuit Functions

SB4.1 Genefral

SB4.1.1 Electronic circuits or parts of circuits shall be analyzed to determine if the function of the control
is necessary for compliance with this Standard. A function is considered a Safety Critical Function (SCF) if
failure (loss or malfunction) of its functionality would result in the risk of fire, electric shock, mechanical
hazard or a Dangerous Malfunction.

SB4.1.2 Safety critical functions shall be identified as either protective electronic circuits as detailed in
Section SB4.2 or as those of operating circuits that mitigate dangerous malfunctions as detailed in Section
SB4.3.

SB4.1.3 In the evaluation of electronic circuits, all the contacts of relays or contactors that cycle during
the Temperature Test, Section 24, shall be simultaneously short-circuited.
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SB4.2 Protective electronic circuits

SB4.2.1 An electrical component shall not be connected across the contacts of a protective electronic
circuit.

Exception: Electrical components may be connected across the contacts provided that any single
component fault does not result in a loss of protective function.

SB4.2.2 Protective electronic circuit functions are as specified in Appendix A, Example of controls
Performing as Operating or Protective Controls.

SB4.3 Operating circuits that mitigate a dangerous malfunction of the appliance

SB4.3.1 Thelsuitability of stand-by or electronic disconnect circuits shall be as specifiediin tLis Standard.

SB4.3.2 An e¢lectronic disconnection circuit whose failure could result in a dangerods malfunction shall
have at least tfvo components whose combined operation provides the load disconnection.

SB4.3.3 Opagrating circuits whose functions are relied upon to mitigatesdanigerous malfupctions of the
appliance are|as specified in Appendix A, Example of controls Performing as Operating|or Protective
Controls.

SB5 Evaluation of the Different Types of Electronic Circuits
SB5.1 All types of circuits

SB5.1.1 All gircuit functions mandated by this standard shall be validated. This incluges operating
functions not designated as safety critical functions,

SB5.1.2 All dircuits shall be evaluated to determine the effects of electronic circuit faults.

SB5.1.3 Whegn the applicable component/hardware faults specified in SB8.10 are imposed| one at a time
they shall not fesult in:

a) The pppliance presenting a risk of fire, electric shock or mechanical hazard , or

b) The Joss of any safety critical function either in that circuit or others.

SB5.1.4 Thelrisk of.electrically generated fire from the faults of Section SB8 is considered tp be mitigated
in low-power gircuits.

SB5.2 Circuits that provide safety critical functions

SB5.2.1 In addition to the requirements of Section SB5, circuits that provide safety critical functions shall
incorporate measures to control the fault/error conditions that would impair the safety functions.

SB5.2.2 The evaluation of the programmable component shall be in accordance with Annex R of the
Standard for Safety of Household and Similar Electrical Appliances, Part 1: General Requirements, UL
60335-1, Edition 5.

SB5.2.3 Circuits that provide Safety Critical Functions that rely upon a programmable component for one
or more of its safety functions shall be subjected to the test of the Programmable Component Reduced
Supply Voltage Test, Section SB9, unless restarting at any point in the operating cycle after interruption of
operation due to a supply voltage dip will not result in a hazard. The test is carried out after removal of all
batteries and other components intended to maintain the programmable component supply voltage during
mains supply voltage dips, interruptions and variations.
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SB5.2.4 Circuits that provide safety critical functions shall maintain their required functions when
subjected to the EMC related stresses specified in the Electromagnetic Compatibility (EMC) Requirements
— Immunity, Section SB10.

SB5.2.5 The tests of Section SB10 are carried out with surge protective devices disconnected, unless
they incorporate spark gaps.

PERFORMANCE
SB6 General Conditions for the Tests

SB6.1 Details

SB6.1.1 An electronic control shall be tested in the appliance under the Performance teskfonditions and
order of tests pecified in this Standard.

Exception: Except as noted elsewhere in this Supplement, upon the agreement of the mahufacturer and
with due congideration of the relevant compliance criteria, an electronic control may be tested outside of
the appliance

SB6.1.2 Culnulative stress resulting from successive tests on electronic circuits is to be gvoided. It may
be necessary|to replace components or to use additional samples:

SB6.1.3 Us¢r adjustable electronic controls shall be adjusted:to their most unfavorable setting.
SB6.2 Intentionally weak parts

SB6.2.1 If 4 conductor of a printed circuit board or other component becomes open-circuited, the
appliance is donsidered to have withstood the particular test, provided both of the following|conditions are
met:

a) Thg base material of the printed-Circuit board withstands the test of Needle-Flamg Test (NFT) of
Annex E of the Standard for Safety of Household and Similar Electrical Appliances, Rart 1: General
Requitrements, UL 60335-1;.and

b) Any|loosened conductor does not reduce electrical spacings (clearances or creepgge distances)
betwegn live parts and-accessible metal parts below the values specified in this Stangard.

c) Thelsame resultiis obtained when the test is run three times.

Exception: THe base material of the printed wiring board need not comply with the NeedletFlame Test of
(a) if the basel material has a flammability rating of V-0 and a CTI of minimum 100.

SB6.3 Test results determined by overcurrent protection operation

SB6.3.1 If compliance with these requirements under any of the fault conditions depends on the
operation of an overcurrent device incorporated within the electronic control, the fuse and/or circuit
breaker shall comply with the requirements for that component.

SB6.3.2 If compliance with the requirements of this standard depends upon the operation of a miniature
fuse-link complying with IEC 60127-1, Miniature Fuses — Part 1 Definitions for miniature fuses and general
requirements for miniature fuse-links, during any of the fault conditions specified in SB8.10, the test is
repeated but with the miniature fuse-link replaced by an ammeter. If the current measured:

a) Does not exceed 2.1 times the rated current of the fuse-link, the circuit is not considered to be
adequately protected and the test is carried out with the fuse-link short-circuited;
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b) Is at least 2.75 times the rated current of the fuse-link, the circuit is considered to be adequately

protected,;

c) Is between 2.1 times and 2.75 times the rated current of the fuse-link, the fuse link is short-

circuited and the test is carried out:

1) For the relevant period or for 30 min, whichever is the shorter, for quick acting fuselinks;

2) For the relevant period or for 2 min, whichever is the shorter, for time lag fuse-links.

SB6.3.3
determining the current.

SB6.3.4 The
characteristicq specified in IEC 60127-1, Miniature Fuses — Part 1 Definitions for minjatu
general requirements for miniature fuse-links, which also gives the information necessary tqg
maximum resistance of the fuse-link.

SB6.3.5 Fusps other than as noted in SB6.3.2 are considered to be Intentionally W
accordance with Section SB6.2.

SB7 Low-Power Circuit Determination

SB7.1 The appliance shall be supplied at rated voltage and a variable resistor, adjusted tg
resistance, is gonnected between the point to be investigated.and the opposite pole of the S
The resistancg¢ is then decreased until the power consumed.by the resistor reaches a ma
closest to the supply source at which the maximum power delivered to this resistor does not
at the end of § s are called Low-Power Points. The part'of the circuit farther from the supply
low-power point is considered to be a Low-Power Cireuit. See Figure SB7.1.

Figure SB7.1

Example of an eléctronic circuit with low-power points
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