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INTRODUCTION
1 Scope

1.1 These requirements cover fixed electric duct heaters, and remote control assemblies for such
equipment, rated at 600 volts or less to be employed in ordinary locations in accordance with the National
Electrical Code, ANSI/NFPA 70.

1.2 These requirements do not cover fan-coil units, central heating furnaces, panel or cable type radiant
heating equipment, electric boilers, baseboard heaters, air heaters, nor any other electric heating

equipment or appliances which are covered in or as a part of separate, individual requirements.

1.3 [
the re

uct heaters intended for use in a hazardous location are judged on the basis o
quirements in this standard, together with the requirements for hazafdous

its compliance with
location equipment

included in other applicable standards.
1.4 Duct heaters designed to be connected to air-duct systemshare intended for installation in
accordance with the Standard for the Installation of Air Conditioning~and Ventilating Systems, NFPA 90A,

and th

1.5 1
ofad
accou

1.6 A
ducted
flow of

may
when

1.7 A
basis

determine whether or n6t the combination is acceptable.

the mBFn supply duct of an air heating system, or in one of the branch ducts. Two o

e Standard for the Installation of Warm Air Heating and Air Conditioning Systems

hese requirements apply to relays and other auxiliary.€ontrol devices that may
ict heater to make it usable with other heating or€ooling equipment, and are i
nt the effects of operating the duct heater in conjunction with or in proximity to su

duct heater is a self-contained heater designed to be installed in the field in
system, external to the air-moving unit, Itis designed to be installed in a duct
air from a separate, interlocked fan or blower system is provided. Such a heat

he heaters are installed in acéerdance with the manufacturer's instructions.

duct heater intended.to-be employed in conjunction with another source of h
of its compliance with the requirements in this standard, and further exam

5, NFPA 90B.

be provided as part
ntended to take into
ch equipment.

the air stream of a
where an adequate
er may be located in
r more duct heaters

installed in a group (in proximity to one another in the duct) if tests indicat¢ acceptable results

bat is judged on the
nation and tests to

2 General
21 General
2.1.1 “Adew-voltage—ciretitisone-that-has—anacpotentiat-of-not-more-than-36-volts alternating current

(42.4 peak), and power of 100 VA or less; or 30 V dc supplied by a primary battery; or supplied by a Class
2 transformer; or supplied by a combination of a transformer and fixed impedance that, as a unit, complies
with all the performance requirements for a Class 2 transformer. A circuit that is derived from a circuit that
exceeds 30 V by connecting resistance or impedance, or both, in series with the supply circuit to limit the
voltage and current is not considered to be a low voltage circuit.

2.1.2 A high-voltage circuit is one having characteristics in excess of those of an low-voltage circuit.

2.1.3 Duct heaters intended for installation within 1.22 m (4 ft) of heating or cooling equipment shall be
evaluated for the combination use in accordance with the requirements in the standard. See 45.1.8.
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2.2 Terminology

2.21

23 U

2.3.1
approx

24 U

Unless otherwise indicated, all voltage and current values mentioned in this standard are rms.

nits of measurement

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

imate information.

ndated references

2.4.1
be inte

2A G
2A1

2A.2
of the
Examp

Notes:

1) X1 cq
separatd

2) X2 ca

2A.3
of the

ANy Undated Teference t0 a code or standard appearing i the Tequirements o
'preted as referring to the latest edition of that code or standard.

ossary
F-or the purpose of this standard, the following definitions apply.

CAPACITOR, CLASS X — Capacitor or RC unit of a type suitable for use in situ
Capacitor or RC unit would not lead to danger of electrical shock but could re
les would be units connected phase to phase or phasejto neutral.

pacitors are generally used in circuits of permanently~connected appliances. However, if the appl
surge protective device that limits the impulse voltage to £ 2.5KV, an X2 capacitor is permitted.

bacitors are generally used in circuits of cord*connected appliances.

CAPACITOR, CLASS Y — Capacitor or RC unit of a type suitable for use in situ
capacitor could lead to danger of electric shock. Examples would be capacitor

the primary and secondary circuits where electrical isolation is required to prevent 3

betwed

Notes:

1) Y1 cd
capacito

2)Y2ca

n hazardous live parts and accessible parts.

pacitors arécsused in circuits where the prevention of electric shock is afforded solely by the ig
. Two Y2(capacitors connected in series is considered to provide the same level of protection as ong

this standard shall

ations where failure
sult in a risk of fire.

ance is provided with a

ations where failure
5 connected across
n electric shock or

olation provided by the
Y1 capacitor.

circuits

Arafing atveliages=>150\La3nd-<-300\L
g = = -

bacitors are used where the prevention of electric shock is provided by the combination of the capa<1itor and earth ground for

3) Y4 capacitors are used where the prevention of electric shock is provided by the combination of the capacitor and earth ground for
circuits operating at voltages < 150V.

2A.4 SAFETY CRITICAL FUNCTION - Control, protection and monitoring functions which are being
relied upon to reduce the risk of fire, electric shock or casualty hazards.

3 Components

3.1 Deleted

3.2 Deleted

3.3 Deleted
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3.4 Deleted

3.1 General

3.1.1

Note —
intende
under th

Excep
specifi

Excep
3.8o0r

A component of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in 3.2 — 3.8 or the individual

component section;
b) Be used in accordance with its rating(s) established for the intended conditio

c) Be used within its established use limitations or conditions of acceptability;

ns of use;

d) Additionally comply with the applicable requirements of this end product stan
e) Not contain mercury.

Bpecific components are incomplete in construction features or restricted in performance capabilitig
for use only under limited conditions, such as certain temperatures not exceeding specified limit:
ose specific conditions.

fion No. 1. A component of a product covered by this standard is not requir
c component requirement that:

a) Involves a feature or characteristic not reguired in the application of the
product; or

b) Is superseded by a requirement in this\standard; or

¢) Is separately investigated when f6/ming part of another component, provide
used within its established ratings and limitations.

fion No. 2: A component.coémplying with a UL component standard other than
fhe individual component section is acceptable if:

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

b) The component standard:

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

dard; and

s. Such components are
, and shall be used only

bd to comply with a

b component in the

bd the component is

those cited in 3.2 —

of 3.2 — 3.8 or the

ents of the National

2) Considers long-term thermal properties of polymeric insulating materials in accordance
with the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B; and

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

3.1.2 A component that is also intended to perform other functions, such as over current protection,
ground-fault circuit-interruption, surge suppression, any other similar functions, or any combination
thereof, shall comply additionally with the requirements of the applicable UL standard(s) that cover devices

that pr

ovide those functions.


https://ulnorm.com/api/?name=UL 1996 2022.pdf

10 UL 1996 AUGUST 30, 2022

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

3.1.3 A component not anticipated by the requirements of this standard, not specifically covered by the
component standards of 3.2 — 3.8 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 3.1.1 (b) — (d).

3.1.4 With regard 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.

3.2 Afttachment plugs, receptacles, connectors, and terminals

3.2.1 [ Attachment plugs, receptacles, appliance couplers, appliance inlets_(motor attgchment plugs), and
appliarice (flatiron) plugs, shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.
See 3.2.9.

Excepfjon: Attachment plugs and appliance couplers integral €0 cord sets or power supply cords are
coverefd under the requirements of the Standard for Cord,.S€ts and Power-Supply (Gords, UL 817, and

needn

3.2.2
condug
in), inte
applian

Except
insertig

3.2.3
betwesd
copper
Standg
3.2.9.

3.24

pt comply with UL 498.

Quick-connect terminals, both connectors and tabs, for use with one or two 23
tors, having nominal widths of 3.5, 3.2, 4.8,6.2, and 6.3 mm (0.110, 0.125, 0.18
nded for internal wiring connections in duet heaters, or for the field termination
ce, shall comply with the Standard for:Electrical Quick-Connect Terminals, UL 3

jon: Other sizes of quick-connect terminals shall be investigated with resped
n-withdrawal, temperature risé, and all tests shall be conducted in accordance V

Single and multipole connectors for use in data, signal, control and power app
n electrical equipment, and that are intended for factory connection and for f

— 10 AWG copper
7, 0.205, and 0.250
bf conductors to the
10.

t to crimp pull out,
ith UL 310.

lications within and
actory assembly to

or copper alloy conductors, or for factory assembly to printed wiring boards, shall comply with the

rd for Component Connectors for Data, Signal, Control and Power Applicati

Wire.connectors shall comply with the Standard for Wiring Connectors, UL 4864

3.2.5

bns, UL 1977. See

-486B.

Qplir\ing wire connectors shall rnmply with the Standard for Qplihing Wire Connd

ctors, UL 486C.

3.2.6

Multi-pole splicing wire connectors that are intended to facilitate the conne

ction of hard-wired

utilization equipment to the branch-circuit conductors of buildings or that are intended for consumer
connection within and between parts of electrical equipment, shall comply with the Standard for Multi-Pole
Splicing Wire Connectors, UL 2459. See 3.2.9.

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

3.2.8 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable, be
suitably rated for field wiring.
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3.2.9 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, to interrupt current in the end product, shall be suitably rated for current interruption of
the specific type of load, when evaluated with its mating plug or connector. For example, an appliance
coupler that can be used to interrupt the current of a motor load shall have a suitable horsepower rating
when tested with its mating plug.

3.3 Electrical enclosures and raceways

3.3.1 Electrical enclosures and the associated bushings and fittings, and raceways, of the types
specified in Chapter 3 of the National Electrical Code, ANSI/NFPA 70 and that comply with the following
standards and 3.1 are considered to fulfill the requirements of this standard:

a) Standard for Metallic Outlet Boxes, UL 514A;
b) Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C; or

c¢) Standard for Cover Plates for Flush-Mounted Wiring Devices, UL\5114D.
3.4 Cords, cables, and internal wiring

3.4.1 | A cord set or power supply cord shall comply with the Standard for Cord Sets and Power Supply
Cords| UL 817.

3.4.2 | Flexible cords and cables shall comply with, the*Standard for Flexible Cords jand Cables, UL 62.
Flexible cord and cables are considered to fulfill this requirement when preassembled in a cord set or
power|supply cord complying with the Standard for"Cord Sets and Power Supply Cords, UL 817.

3.4.3 | Internal wiring composed of insuldated conductors shall comply with the Stapdard for Appliance
Wiring| Material, UL 758.

Excepfion No. 1: Insulated conductors need not comply with UL 758 if they comply with one of the
followipg:

a) Standard for Thermoset-Insulated Wires and Cables, UL 44;
b) Standard for_ Thermoplastic-Insulated Wires and Cables, UL 83; or

c) Standard for Fixture Wire, UL 66.

ExceptionNo. 2: Insulated conductors for specialty applications (e.g. data processing|or communications)
and lopated in a low-voltage circuit not involving the risk of fire or personal injury need not comply with UL
758.

3.5 Lampholders
3.5.1 Lampholders and indicating lamps shall comply with the Standard for Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies with the Standard for Luminaires, UL
1598 is considered fo fulfill this requirement.

3.6 Power supplies

3.6.1 A Class 2 power supply shall comply with one of the following:

a) Standard for Class 2 Power Units, UL 1310; or
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b) Standard for Information Technology Equipment, 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”.

3.6.2 A non-Class 2 power supply shall comply with one of the following:
a) Standard for Power Units Other Than Class 2, UL 1012; or
b) Standard for Information Technology Equipment, Part 1: General Requirements, UL 60950-1; or

¢) The circuits requirements in Section 24B.

3.7 PFintedWiring boards

3.7.1 |A printed-wiring board shall comply with the requirements in the Standard for Printed-Wiring
Boardg, UL 796, including direct support criteria, and shall be classed V-0, \/z4, or V-2[in accordance with
the requirements in the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94.

Exceptjon: A printed-wiring board in a Class 2 nonsafety circuit issnot required to comply with the bonding
requirdments in UL 796 if the board is separated from parts-of-other circuits such that loosening of the
bond between the foil conductor and the base material will nat-result in the foil condudtors or components
coming in contact with parts of other circuits of the controlFor of the end-use product.

3.8 Controls
3.8.1 |General

3.8.1.1] Auxiliary controls shall be eyaluated using the applicable requirements df this end product
standafd and the parameters in Section-24A.

Exception: A circuit meeting {the parameters of Section 24A and evaluated to the alternate circuit
requirements of Section 24B.

3.8.1.2] Operating (régulating) controls shall be evaluated using the applicable cgmponent standard
requirgments specified in 3.8.2 — 3.8.4, and if applicable, the parameters in Section 24A, unless otherwise
specifi¢d in this €nd*product standard.

Excepfjon:._A. circuit meeting the parameters of Section 24A and evaluated to the alternate circuit
requireiments of Section 24B.

3.8.1.2.1 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
Standard for Software in Programmable Components, UL 1998; or

b) Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; or

c) Parameters of Section 24A and the alternate circuit requirements of Section 24B.
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3.8.1.3 Controls that perform safety critical functions shall be evaluated using the applicable component
standard requirements specified in 3.8.2 — 3.8.4, and if applicable, the parameters in Section 24A, unless
otherwise specified in this end product standard.

Exception: A circuit meeting the parameters of Section 24A and evaluated to the alternate circuit
requirements of Section 24B.

3.8.1.3.1 Solid-state controls that perform safety critical functions (protective controls) that do not rely
upon software as a protective component shall comply with:

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

b) The Standard for Automatic Electrical Controls for Household and Similar, Use; Part 1. General
Requirements, UL 60730-1, except Clause H 11.12 (Controls using software);Qr

c) A circuit meeting the parameters of Section 24A and the alternate gircuit reqliirements of Section
24B.

3.8.1.3.2 Controls that perform safety critical functions (protectivescontrols) that rely|upon software as a
protective component shall comply with:

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

b) Standard for Automatic Electrical Contrels)for Household and Similar Ugse; Part 1: General
Requirements, UL 60730-1; or

c) A circuit meeting the parameters of Section 24A and the alternate circuit reqlirements of Section
24B.

3.8.1.4 An electronic, non-protective-control that is simple in design need only be subjected to the
applicable requirements of this end-product standard. A control that does not include |an integrated circuit
or micfoprocessor, but does cansist of a discrete switching device, capacitors, transistprs, and resistors, is
considered simple in design.

3.8.2 | Electromechaniceal and electronic controls

3.8.2.1 A control,.other than as specified in 3.8.3 — 3.8.4, shall comply with:

a) Deleted

aa) The Standard for Temperature Indicating and Requlating Equinment UL 8713 or
7 L J J J hJ Lo 7 ’

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

c) A circuit meeting the parameters of Section 24A and the alternate circuit requirements of Section
24B.

3.8.3 Temperature controls

3.8.3.1 A temperature control shall comply with the:
a) Deleted

aa) The Standard for Temperature Indicating and Regulating Equipment, UL 873; or
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b) Standard for Industrial Control Equipment, UL 508; or

¢) Standard for Automatic Electrical Controls; Part 1: General Requirements, UL 60730-1; and the
Standard for Automatic Electrical Controls; Part 2: Particular Requirements for Temperature

Sensing Controls, UL 60730-2-9; or

d) Parameters of Section 24A and the alternate circuit requirements of Section 24B.

3.8.3.2 A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient
(NTC) thermistor, that performs the same function as an operating or protective control shall comply with

the Sta

ndard for Thermistor-Type Devices, UL 1434.

3.8.3.3
Electrig

3.84

3.8.4.1
and Si
Contro
UL 607

Exceptjon: A circuit meeting the parameters of Sectionh 24A and evaluated to t

require
CONS]
4 Eng

41 E
rigidity
hazard
displag

42 E
the twa

43 A

A thermal cutoft shall comply with the Standard for Thermal-Links (Thermal
al Appliances and Components, UL 60691.

Timer controls

A timer control shall comply with the Standard for Automatic Electrical Con
milar Use; Part 1: General Requirements, UL 60730-1; and the” Standard for 4

30-2-7.

ments of Section 24B.
FRUCTION

tlosures

hclosures for duct heaters shall’be so formed and assembled that, they hav
to resist abuse during shipment, installation, or use without increasing thei
5 due to a total or partial collapse that could result in a reduction of spacin

ement of parts, or any other defect.

hclosures for individual electrical components and wiring, outer enclosures, a
, shall be censidered in determining compliance with the requirements of 4.1.

mong the‘factors to be used in determining the acceptability of an enclosure are

a). Bhysical strength,

Cutoffs) for Use in

trols for Household
\utomatic Electrical

s for Household and Similar Use; Part 2: Particular Requitements for Timers and Time Switches,

he alternate circuit

e the strength and
r fire and accident
gs, a loosening or

nd combinations of

b) Resistance to impact,
¢) Moisture-absorptive properties,
d) Flammability,

e) Resistance to corrosion, and

f) Resistance to distortion or melting caused by the temperatures that is possible under conditions

of anticipated use or by electrical disturbances within.

g) Intended installation within ducts and plenums.

4.4 Nonmetallic enclosures or parts thereof shall be considered to comply with 4.3 (d) and (f), when:
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a) They comply with the flammability test specified in the Standard for Polymeric Materials — Use in

Electrical Equipment Evaluation, UL 746C; and

b) They have temperature ratings not less than the maximum temperatures to which exposure

during normal operation is possible.

4.5 A sheet metal enclosure shall be evaluated with respect to its size, shape, metal thickness, and use
in a particular application. Sheet steel having a thickness of less than 0.66 mm (0.026 inch) when
uncoated or 0.74 mm (0.029 inch) when galvanized, or nonferrous sheet metal having a thickness of less
than 0.91 mm (0.036 inch) is not acceptable, except for relatively small areas or for surfaces that are
curved or corrugated, or otherwise reinforced such as by angles, channels, flanges, or ribs.

46 T
specig

4.7 A
compl

Excep
compd
indivia

he enclosure of a unit shall be provided with means for mounting in the int
| fittings necessary for intended mounting shall be shipped with the unit.

n electrical part within the outer cabinet need not be individually-gnclosed
es with all of the following:

a) The construction and location of the part do not permit the/emission of fla

not result in a risk of fire.

b) There are no openings in the bottom of the compafrtment in which the part i
molten metal or the equivalent to drop onto flammable material. See 16.8 f
installation.

c) The part is not near flammable material’other than electrical insulation.

d) Sheet metal thickness of the outeriéabinet is in compliance with Section 5.
e) The part is not located in an“air-handling compartment.

f) The part is not subjecttounintended contact by persons, as specified in Sect

g) There are no openings in the top surface of the outer cabinet that permit obje
uninsulated live parts.

tion: Electrie-resistance heating elements and other similar components that dod
nents protected to prevent emission of smoke into the air-handling compa
ually enelosed.

ended manner. Any

when the assembly

me or molten metal

through openings in the outer cabinet, or it can be showrithat malfunction of the component does

5 located that permit
or units for outdoor

on 6.

cts to fall on or near

S not emit smoke or
itment need not be

4.8 To determine when a product complies with 4.7, all of its intended mounting

considered.

5 Th

ickness of Sheet Metal Enclosures for Uninsulated Live Parts

positions are to be

5.1 Sheet metal used in making enclosures shall have a thickness of not less than that specified in Table
5.1 and Table 5.2, except as permitted by 5.4.
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Table 5.1
Minimum thickness of sheet metal for electrical enclosures carbon steel or stainless steel

Without supporting frame®

With supporting frame or equivalent
reinforcing®

Minimum thickness in mm (inches)

Maximum width,” | Maximum length,® | Maximum width,® | Maximum length, Uncoated Metal coated
cm (Inches) cm (Inches) cm (Inches) cm (Inches) MSG GSG
10.2 (4.0) Not limited 15.9 (6.25) Not limited 0.51 (0.020) 0.58 (0.023)
12.1 (4.75) 14.6 (5.75) 171 (6.75) 21.0 (8.25) 24 24
15.2 (6.0) Not limited 241 (9.5) Not limited 0.66 (0.026) 0.74 (0.029)
17.8 (7.0) 22.2 (8.75) 25.4 (10.0) 31.8 (12.5) 22 22
20.3 (8.0) Not limited 30.5 (12.0) Not limited 0.81 (0.032 0.86 (0.034)
229 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0) 20 20
31.8 (12.5) Not limited 495 (19.5) Not limited 1.07 (0.042 1.14 (0.045)
35.6 (14.0) 457 (18.0) 53.3 (21.0) 63.5 (25.0) 18 18
45.7 (18.0) Not limited 68.6 (27.0) Not limited 1.35 (0.053 1.42 (0.056)
50.8 (20.0) 63.5 (25.0) 73.7 (29.0) 91.4 (36:0) 16 16
55.9 (22.0) Not limited 83.8 (33.0) Not limited 1.52 (0.060 1.60 (0.063)
63.5 (25.0) 78.7 (31.0) 88.9 (35.0) 109.2 (43.0) 15 15
63.5 (25.0) Not limited 99.1 (39.0) Not limited 1.70 (0.067 1.78 (0.070)
73.7 (29.0) 91.4 (36.0) 104.1 (41.0) 129.5 (51.0) 14 14
83.8 (33.0) Not limited 129.5 (51.0) Not limited 2.03 (0.080 213 (0.084)
96.5 (38.0) 119.4 (47.0) 137.2 (54+0) 167.6 (66.0) 13 13
106.7 (42.0) Not limited 162.6 (64.0) Not limited 2.36 (0.093 2.46 (0.097)
119.4 (47.0) 149.9 (59.0) 172.7 (68.0) 213.4 (84.0) 12 12
132.1 (52.0) Not limited 203.2 (80.0) Not limited 274 (0.108 2.82 (0.111)
152.4 (60.0) 188.0 (74.0) 2134 (84.0) 261.6 (103.0) 11 11
160.0 (63.0) Not limited 246 .4 (97.0) Not limited 3.12 (0.123 3.20 (0.126)
185.4 (73.0) 228.6 (90.0) 261.6 (103.0) 322.6 (127.0) 10 10
@ A supporting frame is a structure of angle or channel of a folded rigid section of sheet metal that is rigidly aftached to and has
essentiglly the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity to fesist the bending
moments which are applied via the enclosure surface when it is deflected. Construction considered to have ¢quivalent reinforcing
shall be|accomplishéd-by designs that produce a structure that is as rigid as one built with a frame of anglesor channels.
Construction considered to be without supporting frame includes:
1)Single sheet with single-formed flanges (formed edges);

2) A single sheet that Is corrugated or ribbed; and

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

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

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

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



https://ulnorm.com/api/?name=UL 1996 2022.pdf

AUGUST 30, 2022

UL 1996

17

Table 5.2

Minimum thickness of sheet metal for electrical enclosures aluminum, copper, or brass

Without supporting Frame®

With supporting frame or equivalent
reinforcing?

Minimum thickness

Maximum width®,

Maximum length®,

Maximum width®,

Maximum length,

cm (inches) cm (inches) cm (inches) cm (inches) (inr::;s) AWG
7.6 (3.0) Not limited 17.8 (7.0) Not limited 0.58 22
8.9 (3.5) 10.2 (4.0) 21.6 (8.5) 241 (9.5) (0.023)
10.2 (4.0) Not limited 25.4 (10.0) Not limited 0.74 20
12, (5.0) 15.2 (6.0) 26.7 (10.5) 34.3 (13.5) (0.029)
15.9 (6.0) Not limited 35.6 (14.0) Not limited 0.91 18
16.5 (6.5) 20.3 (8.0) 38.1 (15.0) 45.7 (18.0) (0.036)
20.3 (8.0) Not limited 48.3 (19.0) Not limited 1.14 16
24, (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (25.0) (0.045)
30.5 (12.0) Not limited 71.1 (28.0) Not limited 1.47 14
35.6 (14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0) (0.058)
457 (18.0) Not limited 106.7 (42.0) Not limited 1.91 12
50.8 (20.0) 63.4 (25.0) 114.3 (45.0) 139.7 (55.0) (0.075)
63.4 (25.0) Not limited 152.4 (60.0) Not limited 2.41 10
73.Y (29.0) 91.4 (36.0) 162.6 (64.0) 198.1 (78.0) (0.095)
94.0 (37.0) Not limited 221.0 (87.0) Not limited 3.10 8
1067 (42.0) 134.6 (53.0) 236.2 (93.0) 289.6 (114.0) (0.122)
1321 (52.0) Not limited 3124 (123.0) Not limited 3.89 6
152}4 (60.0) 188.0 (74°0) 330.2 (130.0) 406.4 (160.0) (0.153)
@ A support frame is a structure of angle.orchannel or a folded rigid section of sheet metal that is rigidly attached to and has
essentfjially the same outside dimensiens.as the enclosure surface and that has sufficient torsional rigidity t¢ resist the bending
momefts which are applied via the enclosure surface when it is deflected. Construction considered to havg equivalent reinforcing
shall bp accomplished by designs that produce a structure as rigid as one built with a frame of angles or chpnnels. Construction
considered to be without supporting frame includes:
1) Single sheet with single-formed flanges (formed edges);
2) A singlesheet that is corrugated or ribbed; and
3) An-enclosure surface loosely attached to a frame with, for example, spring clips.
® The Width,isthe smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjaceft surfaces of an
enclosure'may have supports in comman and be made of a single sheet

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

5.2 The minimum thickness of metal for cast enclosures shall comply with Table 5.3.
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Table 5.3

Minimum thickness of cast metal enclosures for live parts

Minimum thickness, mm (inch)

Plain walls
Maximum area® 154.9 cm? (24 Area over 154.9 cm? (24 inch?)
Method of inch?) maximum length 152.4 maximum length 152.4 mm (6
fabrication mm (6 inch) inch) Around conduit holes
Die-Cast 1.6 (1116)>¢ 24 (3/32) 6.3 (1/4)
Other 3.2 (18) 3.2 (1/8) 6.3 (1/4)

@ Area and length limitations may be complied with by subdividing larger areas by means of suitable reinforcing ribs.

bls redpeetto O-8 T (1732 nTh) WiheTT

1) The enclosure will not be used as a splice box; and

2) The voltage rating of the complete device is such that the voltage between any two€enductors is not more than 250
volts dc or single-phase ac.

¢ s redyiced to 0.7 mm (0.028 inch) minimum thickness for enclosures housing only low-voltage circuits.

5.3 Alplate or plug for an unused conduit opening or other holgtin the enclosure shall have a thickness
not less than:

a) 0.35 mm (0.014 inch) when steel, or 0.48 mm\(0.019 inch) when nonferroyis metal, for a hole
having a 6.4 mm (1/4 inch) maximum dimension;sand

b) 0.68 mm (0.027 inch) when steel, or 0-:89% mm (0.032 inch) when nonferroyis metal, for a hole
having a 34.9 mm (1-3/8 inch) maximum dimension. A closure for a larger| hole shall have a
thickness no less than that requiredfor the enclosure of the device, or a standard knockout seal
shall be used. Such plates or plugs.shall be securely mounted.

5.4 With reference to 5.1, the thickhess of an enclosure shall be two gauge sizes legs than indicated in
Table %.1 and Table 5.2, if the-electrical components are located at least 64 mm (2-1/2 inch) from the
surface, and 4 gauge sizes less“when the components are located at least 128 mm |5 inches) from the
surface. The thickness shallibe not less than No. 24 MSG or GSG (steel), or 18 AWG |(aluminum, copper,
or brass), unless a lesser thickness is in accordance with Table 5.1 and Table 5.2. An éxample of 2 gauge
sizes lgss is No. 18 MSG instead of No. 16 MSG; an example of 4 gauge sizes less is No. 20 MSG instead
of No. 16 MSG.

6 Openings.in’Enclosures

6.1 Uninsulated live parts excluding film-coated wire aof high-voltage circuits shall bk located, guarded,

or enclosed so as to prevent unintended contact by persons reaching through openings in the enclosure,
or by persons adjusting controls, or performing other intended service and maintenance operations.

6.2 Openings in enclosures, including perforations, louvers, and openings protected by means of
screening, expanded metal, or perforated covers, shall be of such size or shape as to prevent the passage
of a probe, illustrated in Figure 6.1, from contacting uninsulated live parts. The configuration of the probe
shall be changed (articulated) after insertion. See 6.4 for film-coated wire.
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Figure 6.1
Probe
(Other than moving parts)

PA100A

Note: All dimensions given are in millimeters.
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6.3 During the examination of a unit or part thereof, in connection with the requirements in 6.1, parts of
the enclosure, such as covers, panels, and grilles are to be removed unless tools are required for their
removal. A warning marking, such as specified in 45.1.3 (i) is disregarded in establishing compliance with
these requirements.

6.4 A probe as illustrated in Figure 6.2 shall not touch film-coated wire when inserted through the
opening.

Figure 6.2
Probe
(Forfitlm-coated wire)

—— —a— ANY CONVENIENT _LENGTH

3/4" (19.1mm) DIA.

1/2" (12.7mm) DIA. _\\
N

]
VA

<" 4" (101.6mm)

1/4" (6.4mm) RAD. -

PA140A

7 Enclosures, Doors, and Covers

7.1 Dpors and covers that give access to uninsulated live high-voltage parts shall he secured firmly in
place, and shall require the use of a tool or key to open them or shall be provided with an interlocking
mechanism; except that components having covers that comply with their respective standards do not
require additional enclosures.

7.2 Aninterlocking mechanism complies with the requirements of 7.1 when it:
a) Secures the cover in the closed position when engaged; and

b) Is engaged before parts in a high-voltage circuit are energized.
8 Accessibility of Parts

8.1 Sufficient and reasonable accessibility shall be afforded to all parts that require normal servicing or
adjustment (adjustment of controls) when the equipment is installed as intended. Covers or access panels
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giving access to such parts that are required to be removed for routine maintenance shall not expose
uninsulated live parts.

8.2 The assembly shall be arranged so that any overcurrent protective device that is replaced or reset as
required is accessible without removal of parts other than the service covers or panels.

8.3 Except as specified in 8.4, the door or cover of an enclosure shall be hinged, sliding type, pivoted, or
the equivalent, and not intended for removal, when it gives access to fuses.

Exception: When more than one door or cover is opened to provide access, only one of these needs to
comply with this requirement.

8.3.1 | Where the enclosure is located in a space above a ceiling, all doors or hinged,panels shall open to
at leadt 90 degrees.

8.4 A cover as specified in 8.3 is not required when fuses only of the following types are enclosed:
a) Fuses connected in low-voltage circuits;
b) Extractor type fuses that have their own enclosures;

c¢) Control circuit fuses provided that the control cirCujt loads (other than fixed|loads, such as pilot
lamps) are housed in the same enclosure as the fuses; or

d) Supplementary type fuses rated 2 amperes’ or less used in small, auxiliafy resistance heater
circuits having a maximum rating of 100 watts.

8.5 The reset button or lever of manual resettable devices (for example, the operating handle of a circuit
breaker, the adjusting screw or knob of an adjustable temperature control) may be adcessible without the
use offa tool, providing that the resetting’of the device does not result in exposure to uninsulated live high-
voltage parts.

8.6 A cover as specified in 8:3 shall not depend solely upon screws or other simijar means to hold it
closed, but shall be provided with an automatic latch or the equivalent. A spring latch] a magnetic latch, a
dimplg, or any other mechanical arrangement that holds the door in place and requires some effort on the
user's[part to open complies for holding the door closed. A cover interlocking mechanjsm, as described in
7.2, and provided as the sole means for securing the cover or panel, complies.

9 Assembly

9.1 duet-heater—shal-haveprovisionfor-the-intended-econnection—-of-ducts;—either in the form of duct
flanges, openings without flanges, or locations marked for openings, providing that drilling or cutting into
the cabinet, or the use of screws, will not damage electrical components and wiring. A distance of 6 inch
(152 mm) separating the opening from all components and wiring is considered to prevent damage due to
drilling or cutting. Protection shall be provided by equivalent means.

10 Outdoor Use Equipment

10.1 General

10.1.1 Sheet steel cabinets and enclosures of units intended for outdoor use shall be protected against
corrosion as specified in Table 10.1, or by other metallic or nonmetallic coatings that have been shown to

give equivalent protection. Nonferrous cabinets and enclosures are not required to employ special
corrosion protection. The thickness of the material is to be judged on the basis of its strength and rigidity.
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Table 10.1
Corrosion protection
1.35 mm (0.053 in) uncoated and Less than 1.35 mm (0.053 in)
1.42 mm (0.056 in) coated and uncoated and 1.42 mm (0.056 in)
Type of cabinet and enclosure greater as specified by coated as specified by
Outer cabinets that protect motors, wiring, or 10.1.2 10.1.3
enclosed current-carrying parts
Inside enclosures that protect current-carrying 10.1.2 10.1.3
parts other than motors
Outer cabinets that are the sole enclosure of 10.1.3 10.1.3
current-carrying parts

10.1.2
providg

10.1.3
providg

Where Table 10.1 references 10.1.2, a cabinet or enclosure intended for,olitdoor use shall be

d with one of the following coatings:

a) Hot dipped mill galvanized sheet steel conforming with the coating designa
Table 1 of the Standard Specification for Steel Sheet, Zinc-Coated\.(Galvanized
Coated (Galvannealed) by the Hot-Dip Process, ASTM A653 or in Table

tion G60 or A60 in
for Zinc-Iron Alloy-
1 of the Standard

Specification for Steel Sheet, Zinc-Coated (Galvanized) for Zinc-lIron Alloy-Codted (Galvannealed)

by the Hot-Dip Process (Metric), ASTM A653M, with not less than 40% of the 2

inc on any side, as

determined by the minimum single spot test requiremént in this ASTM design:'ttion. The weight of

zinc coating shall be determined by any recognizéd method; however, w
question, the weight of coating shall be established in accordance with the Sta
for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-Allg
A90.

b) A zinc coating, other than that provided on hot dipped mill galvanized sh
applied on each surface to an average thickness of not less than 0.01041 mm
a minimum thickness of 0.00864mm (0.00034 in).

c) Two coats of outdoor paint'on both surfaces. The suitability of the paint sha
consideration of its composition.

ere results are in
ndard Test Method
y Coatings, ASTM

et steel, uniformly
0.00041 in), and to

| be determined by

Where Table 10=1\references 10.1.3, a cabinet or enclosure intended for oljitdoor use shall be

d with one of the following coatings:

a) Hot dipped mill galvanized sheet steel having the coating designation G90

designation A653 or A653M, with not less than 40 percent of the zinc on any sid
the minimum single spot test requirement in these ASTM designations. The wg
shallbe determined by any recognized method; however, where results are in d

n Table 1 of ASTM
e as determined by
ight of zinc coating
uestion, the weight

ofcantina chall ha Actahlichad 1n AancArdAan~n vaath tha tnot manthad ~Af AQTRA A~

O OOty oo T C oSO U T a oo TCC v it Tt to ot TmC ot O 7o TiviE GOt o

gnation A90.

b) A zinc coating, other than that provided on hot dipped mill galvanized sheet steel, uniformly
applied on each surface to an average thickness of not less than 0.01549 mm (0.00061 in), and to

a minimum thickness of 0.01372 mm (0.00054 in).

c) A zinc coating complying with 10.1.2 (a) or (b), plus one coat of outdoor paint as specified in

10.1.2 (c) on each surface.

10.1.4 With reference to 10.1.1, other finishes, including paints, special metallic finishes, and
combinations of the two is accepted when comparisons with galvanized sheet steel (without annealing,
wiping, or other surface treatment) that complies with 10.1.2 (a) or 10.1.3 (a), as applicable, indicate they
provide equivalent protection.
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10.1.5 Metals shall not be used in combinations such as to cause galvanic action that adversely affects
cabinets or enclosures.

10.2 Enclosures

10.2.1 The outer cabinet of the equipment intended for outdoor use shall be so constructed as to prevent
the wetting of uninsulated live parts (hazardous voltage or extra-low-voltage safety circuits), and shall
protect the system against risk of shock due to exposure to rain (see Rain Test, Section 40). When of
steel, it shall be not less than 0.78 mm (0.0307 in) thick, and shall be protected against corrosion as
required by Section 10. Enclosures made of other metal shall have mechanical strength and rigidity at

least equivalent to that of steel, 0.78 mm (0.0307 in) thick.

10.2.2

with Table 5.1 and Table 5.2, whichever applies, is acceptable when it is protectedby

An enclosure that is formed of metal which is thinner than specified in 10.21,

sheet
than s
Corros|

10.2.3
use of

10.2.4
emplo
diame

10.2.5
nonme

10.2.6
of Sec

10.3

10.3.1
least 2

steel cabinet or enclosures employing panels consisting of more than one, sheet
becified in 10.2.1, shall be used when equivalent in all respects, including mec
on resistance, to a single sheet of steel of the thickness specified,in/10.2.1.

Service covers and access panels that are not secured by.s¢rews or other fas
tools to remove them shall be left open or removed during-the Rain Test describ

An enclosure for electrical components shall have’ provision for drainage
ys knockouts or unthreaded openings. The drainage holes shall be not less thg
er, or drainage openings of at least equivalentsize shall be included.

The effects of exposure to ultra-violet light and water are to be considered
tallic cabinets and enclosures.

Gaskets required to seal enclésures of electrical components shall comply w
tion 41, Gaskets — Accelerated-Aging Test.

Field wiring connections

Conduit openings or knockouts shall be provided for all field wiring connecti
2.2 mm (7/8 in\n diameter. Threaded openings shall be provided unless:

a) The,opéening prevents drainage into the enclosure along the outside surfag
wireway; or

b) The opening is wholly below or not in proximity to a component, other thar

and which complies
an outer cabinet. A
, each sheet thinner
nanical strength and

bteners requiring the
£d in Section 40.

when the enclosure
n 3.2 mm (1/8 in) in

in an evaluation of

th the requirements

bns, and shall be at

e of a field supplied

insulated wire or a

component intended for exposure to water, or an uninsulated live part that is
voltage safety; or

c) The routing of the factory- or field-supplied wiring is required such that a

high voltage or low

drip-loop is formed,

which physically prevents entering water from contacting a component, other than insulated wire or
a component intended for exposure to water, or an uninsulated live part that is high voltage or low

voltage safety.

10.3.2 With reference to 10.3.1, threads for the connection of conduit are tapped all the way through a
hole in an enclosure wall, or when an equivalent construction is employed, there shall be not less than
three nor more than five threads in the metal. Construction of the device shall be such that a conduit
bushing is properly attachable when threads for the connection of conduit are not tapped all the way
through a hole in an enclosure wall, conduit hub, or the like, there shall be not less than 3-1/2 threads in
the metal. There shall be a smooth, rounded inlet hole for the conductors which shall afford protection to
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the conductors equivalent to that provided by a standard conduit bushing and which shall have an internal
diameter the same as that of the corresponding trade size of rigid conduit.

10.3.3 An enclosure threaded for support by rigid conduit shall provide at least five full threads for
engaging with the conduit.

11 Mechanical Assembly

11.1  Parts used in the construction of the complete assembly shall have adequate strength, and shall be
assembled and secured in position to ensure proper functioning under both normal and abnormal
conditions that are met in service.

11.2 Duct heaters that are designed to be shipped in separable sections (for examgle, heating section,
control[section) shall be marked in accordance with the requirements of 45.1.3, @nd the following shall be
compligd with:

a) Each section shall be constructed and packaged so as to prevent damage|to the parts during
shipment and assembly;

b) Each section and the contents shall be identified as required by 45.1.3 (a) and (b); additionally
the unit shall be marked to identify each section;

c) Electrical connections between the separable sections shall be capable of heing made without
additional parts being required, such as internalwiring, connectors, receptacles| terminal blocks;

d) Electrical bonding shall be maintained between sections after assembly;
e) All connections shall be properly matked for assembly;
f) Safety controls shall be an integral part of the sections requiring them; and

g) Each package shall contaifnthat part of the installation instructions intended to assemble it into
the other sections.

12 Auxiliary Devices

12.1 A unit havingyprovisions for the use of additional auxiliary devices intended to| be attached in the
field shall be constructed so that their use will not cause a risk of fire, electric shock, or injury.

12.2 The_unit shall comply with the requirements of this standard, both with and without the auxiliary
device|installed.

12.3 The installation of auxiliary devices by service personnel shall be by means of receptacles, plug-in
connectors, wiring terminals, insulated wire connectors, or by connection to existing wire terminals.

12.4 Any installation of an auxiliary device shall not require the cutting of wiring or the soldering of
connections by the installer, and shall not require cutting, drilling, or welding in electrical enclosures and in
other areas where such operations damage electrical components and wiring.

12.5 Field rearrangement of components shall not comply.

12.6 As part of the investigation, a trial installation of auxiliary devices shall be made, to determine that
its installation is feasible, that the instructions are detailed and correct, and that its use does not cause a
risk of fire, electric shock, or injury.
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12.7 A strain relief means shall be provided for the wiring in the auxiliary device, when there is any
possibility of transmitting stress to the terminal connections during installation.

12.8 All terminals and wiring intended to be field-connected shall be identified on the auxiliary device, the
unit (when connections are made between the device and the unit), and the wiring diagram.

12.9 The mounting location of the auxiliary device shall be indicated on the unit. However, when the
mounting location is predetermined by the function of the device and arrangement of the unit, and when
instructions are provided covering the installation and location for the device, the mounting location of the
device need not be indicated.

13 Cponnectionto Power Supply

13.1 |A duct heater shall have provision for the connection of conduit (or conduits) pf a size (see Table
13.1) suitable for the supply circuit conductors (see Table 13.2) needed to connect the unit in accordance
with Tables 310-16 and 310-17 in the National Electrical Code, ANSI/NFRA\70. Provisions shall be made
for field cutting the openings necessary for field wiring system connections, when the|r intended locations
are indicated by one of the following methods:

a) Use of pilot holes intended for use with a hole punch; or.
b) An attached marking showing the exact center oféeach opening; or

c¢) An attached marking showing the area in which the openings can be located

Table 13.1
Knockout or hole sizes and dimensions of bushings
Bushing dimensigns

Trade size of conduit Knockotutor hole diameter Overall diameter Height
Inches mm Inches mm Inches mm Inches mm
112 21.3 7/8 22.2 1 254 318 9.5
34 26.7 1-3/32 27.8 1-15/64 31.4 27/64 10.7
334 1-23/64 345 1-19/32 40.5 33(64 13.1
1-N1/4 42:3 1-23/32 43.7 1-15/16 49.2 ane 14.3
1-11/2 48.3 1-31/32 50.0 2-13/64 56.0 1932 15.1
4 60.3 2-15/32 62.7 2-45/64 68.7 5/8 15.9
2-1/2 73.0 3 76.2 3-7/32 81.8 314 19.1
B 88.9 3-5/8 92.1 3-7/8 98.4 13(16 20.6
3-1/2 101.6 4-1/8 104.8 4-7/16 112.7 15/16 23.8
4 114.0 4-5/8 117.5 4-31/32 126.2 1 25.4
4-1/2 127.0 5-1/8 130.2 5-35/64 140.9 1-1/16 27.0
5 141.3 5-5/8 142.9 6-7/32 158.0 1-3/16 30.2
6 168.3 6-3/4 1715 7-7/32 183.4 1-1/4 31.8
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Table 13.2
Trade size of conduit
Number of wire
Wire size 2 3 4 5 6
AWG (mm?)
14 (2.1) 12 12 12 12 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 112 112 112 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 1 1 1-1/4 1-1/4
M (21.2) 1 1 1-1/4 1-174 1-1/2
3 (26.7) 1 1-1/4 1-1/4 13172 1-1/2
“ (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-1/2 2 2 2-1/2
3/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 107.2) 2 2 2-1/2 2-1/2 3
kemil
250 (127) 2 2-4/2 2-1/2 3 3
300 (152) 2 24172 3 3 3-1/2
350 (177) 2-1/2 2-1/2 3 3-1/2 3-1/2
400 (203) 2-1/2 3 3 3-1/2 4
500 (253) 3 3 3-1/2 4 4
Note — [This table is based on the assumption that all conductors are of the same size and there are no morg¢ than six conductors in
the conduit. When more than six conductors are involved or when all of them are not of the same size, the ifternal cross-sectional
area of|the smallest conduit used is determined by multiplying by 2.5 the total cross-sectional area of the wifes, based on the
cross-sectional area of Type THW speeified in the National Electrical Code.
13.2 Field-provided ppenings for field wiring system connections shall be so locatgd that the required
cutting| drilling, or punching operation does not damage components or wiring within the enclosure.
Separdtion shall be'maintained as specified in 9.1.
13.3 A metal*plate to which conduit is to be attached in the field shall be not less thgn 0.78 mm (0.0307
inch) thickwhen uncoated steel, not less than 0.88 mm (0.0346 inch) thick if galvanized steel, and not less
than 1. i i

13.4 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing, and
shall be located so that installation of a bushing at any knockout used during installation does not result in
spacings between uninsulated live parts and the bushing of less than those required by Section 26,
Spacings.

13.5 The construction of the equipment at the point where the conduit of the supply is attached shall be
such that supply conductors can be installed in compliance with the requirements of Section 17,
Separation of Circuits.

13.6 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 intended installation (see 13.7)
including the accommodation of the required splices.
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13.7 An installation shall:
a) Be possible using ordinary tools required for the installation; and

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

A trial installation may be performed to determine compliance with these requirements.

13.8 Equipment which incorporates more than one independent internal circuit, and is designed for
connection to more than one source of electrical power supply shall have each internal circuit provided
with means for connection to the supply, in accordance with Section 13.

13.9
locatig
conne

r outlet boxes. The
all be such that the
intended.

High-voltage circuit connections shall be made within required enclosures,'o
n of an outlet box or compartment in which supply connections are made sh
ctions will be readily accessible for inspection after the equipment is installed as
14

Thermal Insulation and Air Filters

141
uninsy

compd
expos

Thermal insulation such as mineral wool, which containiconductive impuritig
lated live parts. Exposed unimpregnated asbestos niaterial shall not be use
rtment. The unprotected edge of a gasket sandwiched between two part
bd.

s, shall not contact
i in an air handling
5 is determined as

D

14.2

a flam
as spf
Buildin

Materials in a compartment handling conditioned air for circulation through a du
b spread rating of not more than 25, and a smoke developed rating of not more t
beified in the requirements for Standard Method of Test for Surface Burnin
g Materials, UL 723. This requirementdoes not apply to the following:

a) Wire insulation, paint applied-for corrosion protection, or tubing of material

ct system shall have
han 50, when tested
y Characteristics of

equivalent to one of

the types of wire insulation intended by this standard;
b) Gaskets forming air seals between metal parts;

c) Miscellaneous small parts such as insulating bushings, resilient or vibratio
clamps, or labels having a total exposed surface area not exceeding 161.29 cm

n mounts, wire ties,
2 (25 inch?);

d) An adhesive that, when tested in combination with the specific insulating m3
the requirement;

terial, complies with

e)\Molded or formed components (not liners) of polymeric materials in such

toial RV A £ v PWWH 1 S-S 1 °Y P it nat A-0.0Q2
Widl TAPUOSTU oUuTiavt arca wiltnmm uic CUITIParuaticliin UutTo TIUL TALTTU U.

feet).

quantities that their
quare m (10 square

JJI Oy

14.3 Polymeric materials exempted by 14.2 (e) shall have a flame spread rating of not more than 25, or
shall comply with the requirements of the vertical burning test for classifying materials 5V in accordance
with the Standard Tests for Flammability of Plastic Materials in Devices and Appliances, UL 94.

14.4 Thermal insulating material shall be securely positioned when loosening reduces or blocks airflow
so as to cause temperatures in excess of those complying with the requirements in the temperature tests,
or when loosening results in reduction of electrical spacings below the required values, short circuiting, or
grounding. Leading edges of insulation shall be protected against damage from the effects of moving air.

14.5 A mechanical fastener for each 0.1 m? (1 ft?) of exposed surface is considered to securely position
insulating liners to meet the requirement of 14.4. Mechanical fasteners are bolts, metal clamps, wire rods,
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or the equivalent. Butting edges of insulation against bulkheads normally provide protection for leading
edges against damage from the effects of moving air. Rigid or semirigid sheets of insulating material shall
not require fastening to the extent needed for less rigid material, nor is protection of leading edges, for
such material, required.

14.6 An adhesive provided to secure insulating material, to comply with 14.4, shall retain its adhesive
qualities at any temperature attained by the adhesive when the unit is tested under the requirements of
this standard, and at minus 18°C (0°F).

15 Terminal Parts and Leads for Field Wiring Connections

15.1 General

15.1.1| A duct heater shall have provision for connection of one or more of(the’ power supply wiring
systems that, in accordance with the National Electrical Code, ANSI/NFPA 70, isiapplicable to the unit.

15.1.2| Where leads are provided for making connection to the power supply, they shall be not less than
18 AWG. These leads shall be provided with means for strain relief when stresg on the leads are
transmitted to terminals, splices, or internal wiring that cause the leads to separate from their terminations,
or subject them to damage by sharp edges.

15.1.3| Field wiring terminals shall have means other than-friction to prevent them from turning, which
might results in unacceptable electrical spacings.

15.1.4| Line terminals of an intended control orfuseholder shall be used as field witing terminals when
they cgmply with the requirements of 15.2.3 and 15.2.4.

15.1.5| The location of an outlet box or-compartment in which field wiring connectigns are to be made
shall allow these connections to be inspected after the unit is installed as intended.

15.1.6| The connections shall beraccessible without removal of parts other than servige covers or panels
and thg cover of the outlet box of compartment in which the connections are made.

15.1.7| The free end of.ahy lead that is not used in every installation shall be insuldted, when that end
reducep spacings below the minimum acceptable values.

15.1.8| Equipment (including auxiliary devices) that is not part of the duct heater, buf that is supplied for
field ingtallation, shall have provision for field wiring connections as specified above, [except that special
connegtors are used when both mating parts are provided and factory-attached to the gquipment.

15.1.9 The surface of an insulated lead intended solely for the connection of an equipment grounding
conductor shall be finished a continuous green, or a green with one or more yellow stripes. No other leads
visible to the installer, other than grounding conductors, shall be so identified.

Exception No. 1: This requirement does not apply to leads or wiring that are intended to be field-
connected to low-voltage circuits, and that are separated or segregated by barriers from field wiring
connections in circuits exceeding 30 volts.

Exception No. 2: This requirement does not apply to internal wiring that is not visible in a field wiring
compartment.

15.1.10 Control equipment, including an auxiliary device that is not part of the duct heater but is supplied
with the product for field installation, shall have provision for field wiring connections as required by
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Section 13, Connection to Power Supply, except that special connectors are used when both mating parts
are provided, and factory-attached to the product or the auxiliary device.

15.2 High-voltage circuits

15.2.1 Duct heaters or remote control assemblies shall be equipped with wiring terminals or leads not
less than 152 mm (6 inches) long for connection of field wiring conductors. The terminals or leads shall be
intended for connection to a conductor having an ampacity of 125 percent of the rated current. When a
single conductor larger than 500 kcmil would be required, the unit shall have provision for the connection
of conductors in parallel. When a product is marked to indicate that it is intended for use with either copper,
copper clad aluminum, or aluminum power supply conductors, a field wiring terminal shall comply with the
requirement in 15.1.1 for a wire of each metal

Excepfion: The rated current of the heater load is multiplied by 100 percent rather than 125 percent,
when:

a) The rated heater load at a field wiring terminal is 50 kilowatt or fagre;
b) The minimum conductor size that is field-connected to suchterminal is marked; and

c) The heater element circuits connected to the field wirihg terminals are subdiVided as specified in
23.2.1 and are arranged to be controlled by one or-more temperature-actuatgd devices to reduce
the likelihood of continuous simultaneous operatian of all of the element circuitg.

Exception: Duct heaters with a rated heaterfoad of less than 24 amperes shall have terminals or
leads intended for connection to a 30 ampére branch circuit or shall be marked to indicate that the
duct heaters are for use only on a 15 or 20-ampere branch circuit, whichever is lappropriate.

15.2.2] A field wiring terminal or lead fonthe connection of a grounded conductor (identified conductor)
shall be finished a white or gray. No othér leads other than grounded conductors shall be so identified.

Excepfion: This requirement does hot apply to:
a) Internal wiring that is not visible in a field wiring compartment; or

b) Terminals that-are identified by a marking on the unit “WHITE” or equivalent.

15.2.3] When & wire binding screw is employed at a field wiring terminal intended for the connection of
supply circuit conductors, it shall be not smaller than No. 8 screw size when the supply circuit conductors
are 14 AWG; and not smaller than No. 10 screw size when the supply circuit conductors are 12 AWG or 10
AWG.

15.2.4 When conductors of the field wiring to be connected will be larger than 10 AWG, a field wiring
terminal part shall either include a connector suitable for clamping the required conductors, or shall be
suitable for use with such a connector or an appropriate soldering lug.

15.2.5 In determining the size of the power supply terminals or conductors required, unless the
equipment is otherwise marked, supply conductors rated 75°C (167°F) are to be used.

15.2.6 Terminal parts for factory-installed conductors that are larger than 8 AWG shall include solderless
connectors or soldering lugs, unless the suitability of the combination of terminal and conductor
termination has been investigated.
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15.2.7 For equipment intended for connection with two or more supply conductors in parallel per
terminal, the terminals shall be of a size suitable for securing connectors that are intended for the
termination of the conductors.

15.2.8 A field wiring terminal or lead shall be provided for connection of an equipment grounding
conductor.

Exception: The equipment grounding terminal or lead may be omitted when all the following conditions are

satisfie

d:

a) The rating of the product is such that the power supply conductors are likely to be larger than 2

AWG;

15.2.9

shall b¢ identified as specified in 15.1.9 or 15.2.18; as applicable.

15.2.1(
providg
require

15.2.11
each ftq

b) The construction is such that an acceptable terminal can be installed in\the

field, for example,

the terminal can be secured as intended without a drilling or cutting operation upon installation, and

sufficient space for the equipment grounding conductor is provided; and,

¢) The product is marked: “When this product is supplied by a wiring system
with the National Electrical Code, ANSI/NFPA 70, requires jthe installatior]
grounding conductor or conductors, a terminal or terminals for connectio
installed”, or with an equivalent statement. This marking shall be located in the
where the power supply conductors will be connected, and shall give
information, such as where the terminal or terminals should be mounted, h
mounted, and the like.

Each equipment grounding terminal or lead'shall be located in the field wiring

When more than one circuit is-intended to be connected to the unit, the
d for field connection of the «€quipment grounding conductor shall comply
ments for connection of a separate grounding conductor for each circuit.

When provision is made for connection of two or more power supply cond
brminal, as mentioned in 15.2.1, provision shall be made for connection of 3

that, in accordance

of an equipment
n thereof must be
wiring compartment
adequate pertinent
ow they should be

compartment, and

terminals or leads
with the applicable

Lictors in parallel at
n equal number of

equipment grounding conductors.

D
e

15.2.17
conneq
Code,
condud

The sizévof each grounding conductor shall comply with the applicabl
tion of an‘equipment grounding conductor as specified in Table 250-122 of the
IANSI/NFPA 70, except that such a conductor need be no larger than one o
torS.

requirements for
National Electrical
f the power supply

15.2.13 A wire binding screw intended for the connection of an equipment grounding conductor shall
have a green colored head that is hexagonal shaped, slotted, or both. A pressure wire connector intended
for connection of this conductor shall be identified by being marked “G”, “GR”, or the equivalent, or by
being represented on a wiring diagram provided on the unit. The wire binding screw or pressure wire
connector shall be located so that it does not need to be removed during servicing of the equipment.
(Upturned lugs or the equivalent shall be provided at a wire binding screw to retain the conductor.) When a
pressure connector is used adjacent to the connectors intended for the supply conductors involving the
neutral of a grounded supply, a marking shall also be provided indicating “equipment ground” or the
connector shall be identified by a green color.

15.2.14 The wiring compartment intended for connection of the power supply conduit or raceway shall be
attached to the unit so that it is prevented from turning. This does not preclude the application of an outlet
box, control box, or equivalent enclosure (to which the power supply connections are to be made)
connected to the unit by factory wiring enclosed within a length of flexible metal conduit, providing conduit
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fittings are applied. Unless the conduit is terminated in an outlet box no larger than 102 x 102 x 51 mm (4
x 4 x 2 inches) for the splice connections, locknuts on the fittings are not an acceptable means of
preventing loosening of the conduit fittings. A grounding conductor of the size specified in 15.2.12 shall be
included.

15.2.15 Except as indicated in 15.2.16, a field wiring lead shall be no more than two standard wire sizes
smaller than the conductor to which it is connected.

15.2.16 The leads specified in 15.2.15 shall be more than two wire sizes smaller than the field when
conductors to which they are connected (but not smaller than 18 AWG), when more than one factory-

provided lead is intended for connection to the same field-provided lead wire, when:

15.2.1
screw

15.2.1
thick f
condu
termin

15.3

15.3.1

15.3.2
bushiri
enclos

a) The wire connector for the splice connection to the field-provided wire is prd
unit, and the wire connector is acceptable for the combination of wires that‘are

b) A marking is included indicating that the provided wire connector is;to be use
splice connection; and

¢) The factory-provided leads are grouped in a manner to prevent stress on an

vided as part of the
spliced;

ed for the field wiring

ndividual lead.

7 A lead provided for connection to an external circuit(shall not be connected to a wire binding

or pressure terminal connector located in the same cempartment as the splice, U
a) The screw or connector is rendered unusableXfor field wiring connections; or

b) The lead is insulated at the unconnected end, and its intended use is g
example, on the applied wiring diagram):

8 A terminal plate for a wire binding’screw shall be of metal not less than 0.
or a conductor sized 14 AWG cor smaller, and not less than 1.27 mm (0.0
ctor larger than 14 AWG. In either case there shall be not less than two full thre
al plate is extruded at the tapped hole to provide the two full threads.)

Low-voltage circuits
Leads for making connection to the low-voltage supply circuit shall be of adeq

Openings-for the entry of conductors of an low-voltage circuit shall be pro
gs. The-bushing shall be either mounted in place in the opening, or shall b
ure-for mounting when the unit is installed.

nless:

learly indicated (for

76 mm (0.030 inch)
b0 inch) thick for a
ads engaging. (The

Liate length.

ided with insulating
b packed within the

Exception: An insulating bushing need not be provided when:

15.3.3

a) A wiring assembly for Class 2 control is furnished with the equipment;

b) The edges of the opening will not abrade the insulation on the wiring assembly; and

¢) The insulation between any conductor of the wiring assembly and edges
least 1.2 mm (3/64 inch) thick.

of the opening is at

In a Class 2 low-voltage safety circuit, when operation at the duct heater with a short circuit or a

grounded circuit results in unsafe operation of the equipment, the terminals or leads provided for
connection of field wired conductors shall comply with the applicable requirements for high-voltage circuit
conductors.
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Exception: Other means, such as quick-connect terminals or mating connectors, are utilized for field wiring
connections of conductors of Class 2 low-voltage circuits when:

a) The connection means are part of a wiring assembly furnished with the equipment, or more than

one type of identified wiring assembly is available from the equipment ma

nufacturer and the

equipment is marked at or near the connection point to specify the wiring assemblies to be used;

and

b) The wiring assemblies do not require cutting, splicing, or similar alterations
on the equipment; and

for field connection

¢) Installation instructions furnished with the equipment clearly indicate the use of the wiring

cuits, unless stated

ors are exposed to

assemblyv
7J

16 Internal Wiring
16.1 This section shall apply to both high-voltage circuits and low-voltage'safety cir|
otherwl|se. Low-voltage nonsafety circuit wiring requirements are not specified.
16.2 Wireways shall be smooth and entirely free from sharp edges‘and burrs.
16.3 Pnly conductors having oil-resistant insulation shall be‘*used where the conduc
oil, grease, oily vapor, or other substances having a deletériots effect.
16.4 Wiring shall have insulation rated for the potential involved and the temperatures to which it is

subjecled. Temperatures are to be judged on¢the basis of the temperatures me

applicg

Except
compo
tests o

ble temperature tests specified in 28.1.

jon: When it is determined that the wiring is not exposed to heat from radiating
hents, and when the ampacity 6f-the conductors is in accordance with Table 16
N the wiring is waived.

Table 16.1
Wiring materials ampacities

asured during the

sources or heated
.1, the temperature

Wire size
AWG mm? Ampacity

22 0.41 4

20 0.66 7

18 082 10
16 1.3 13
14 2.1 18
12 3.3 25
10 5.3 30
8 8.4 40
6 13.3 55
4 21.2 70
2 33.6 95
1 424 110

Note — The ampacities shown apply to appliance wiring materials with insulation rated not less than 90°C (194°F). For types of
wires other than appliance wiring materials, the ampacity shall be determined from Tables 310-16 and 310-17 in the National
Electrical Code, ANSI/NFPA 70, for the type of wire employed. The correction factors of the referenced tables need not be applied.
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16.5 Conductors shall be selected from Table 16.2 in accordance with the circuit requirements for
conductor size, voltage, and temperature rating.

Table 16.2
Typical wiring material
Wire size Insulation thickness
Group Type of wire, cord, or cable®” AWG mm? Inch mm
A Thermoplastic appliance wiring material, with 10to 22 5.3t00.41 2/64 0.08
insulation thicknesses shown at the right 8 84 3/64 1.2
corresponding to wire sizes indicated; or Type ’ '
ACACE AT NN 8 133 416 16
SF-2, SFF-2, RH, RHH, RHW, THW, XHHW, 4 21.2 alel 1.6
MTW, THW-MTW, THWN, PF, PGF, PFF,
PGFE, TW 3 26.7 4/64 1.6
2 33.6 4/64 1.6
1 42.4 5/64 2.0
1/0 540 5/64 2.0
2/0 67.0 5/64 2.0
3/0 85.0 5/64 2.0
4/0 107.2 5/64 2.0
B Appliance wiring material having thermoplastic 18 0.82 4/64 1.6
or neoprene insulation, with insulation 16 13 4/64 16
thicknesses shown at right corresponding to ’ ’
the wire sizes indicated; or cord Types S, SE, 14 2.1 5/6¢ 20
SO, SO0, ST, STO, STOO, SJ, SJE, SJO, 12 3.3 5/64 20
§JOO, SJT, SJTO, SJTOO, SP-3, SPE-3, SPT> 10 53 5/6h 20
8 8.4 6/64 24
6 13.3 8/64 3.2
4 21.2 9/64 3.6
2 33.6 10/4 4.0
c Appliance wiring materialwithrrubber Same as for Group H
insulation; or Type S, SJ;'or' Type SP-3
@ The designated cord or cable, ortypes of wire other than appliance wiring material, is used without regard to the values specified
in the fable.
® Type|CL wire is used within a separate metal enclosure as leads of components.
16.6 [Wiring shall be enclosed in metal clad cable, conduit, electrical metallic tubing) or metal raceways,
contro| boxes;.or the equivalent. Required fittings shall be used. Wiring of the types referenced in Group B
or C of Table 16.2 shall be employed in lieu of enclosed wiring, when the requirements|of 16.7 are met.

Exception: Wiring of the types in Group A of Table 16.2 are employed when secured and supported to

prevent damage and the requirements of 16.7 are met.

16.7 Cords or appliance wiring material, used in the cabinet of equipment, shall be enclosed so as to

prevent damage to the wiring, ignition of combustible material, or emission of flame or molten metal

through openings in the cabinet. Such wiring is enclosed when the cabinet or compartment enclosing the

wiring has

a) 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. A bottom closure
is provided when the bottom opening is always intended to be connected to a supply or return air

duct;
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b) No louvres or openings, other than duct openings, that permit the probe ( Figure 6.1), when

applied in a straight line, to contact wiring; and

¢) No combustible material other than electrical insulation within the enclosure.

Exception: 16.7 (a) does not apply to wiring located above the openings in the bottom enclosure of a unit
for outdoor installation, when such openings comply with the requirements of 16.8.

16.8 On a unit for outdoor installation, the bottom surface of the enclosure shall have openings, when all
of the following conditions are met (applies only to hazardous voltage circuits):

a) Openings are less than 12.7 mm (1/2 in);

16.9
of Tabl|
1.2m
the wi
thermo
purpos|
AWG,
16.2 ar
be equ
insulat

16.10
to conf
insulat
racewd

16.11

flexing
box, or]
employ
compa
shall bg

b) Such openings are not located within 152 mm (6 in) of each other; and

c) The total area of such openings does not exceed 1 percent of the area of th
surface, less any area below a component such as a finned tube coillor-hermeti
that is mounted directly on that surface.

Thermoplastic or thermoset-insulated high-voltage wiring materials that are refs
b 16.2, and have an insulation thickness of 0.8 mm (2/64 inch) for sizes 16 AW(

(3/64 inch) for sizes 14 AWG, 12 AWG, 10 AWG, and{8 AWG, are determined
ing materials referenced in Group B when the, conductors are covered wi
set insulating tubing that has a wall thickness of\0.8 mm (2/64 inch) and is of
e from the standpoint of electrical, mechanical,>and flammability properties. H
and 2 AWG, thermoplastic or thermoset witing materials that are referenced i
d enclosed in thermoplastic or thermosetitubing as described in this requiremer
valent to the wiring materials specifiediin Group B when the total wall thicknes
on plus tubing) is not less than the value specified for Group B.

Wiring shall be protected against damage, shall be supported and routed to p
act with sharp edges, or.patts that attain a temperature in excess of that f

ys that do not retain water are not determined to require wiring for use in wet loc

Splices in wiringsshall be located, enclosed, and supported so that they are not
motion, oribration. A splice is determined to be enclosed when installed in a j
other enclosed compartment in which the wiring materials, as specified in Grou
ed. A.splice in an enclosed machine compartment shall be secured to a fi
tment.so that it is not subjected to movement or damage during servicing. A sg
 provided with insulation equivalent in thickness, voltage and temperature rating

e enclosure bottom
. motor compressor

erenced in Group A
5 and 18 AWG, and
to be equivalent to
h thermoplastic or
a type rated for the
or sizes 6 AWG, 4
N Group A of Table
t are determined to
s (of the conductor

revent damage due
br which the wiring

on is rated, and shall not.be immersed in water unless rated for use in wet locations. Self-draining

ations.

subject to damage,
unction box, control
b A of Table 16.2, is
ed member in the
lice or unused lead
to that of the wires

involve

d.

16.12 Stranded conductors at terminals shall be prevented from contacting other uninsulated live parts,
which are not always of the same polarity as the wire, and from contacting dead metal parts. The shanks
of terminal connectors shall be protected by insulating tubing, or equivalent, when the spacings specified
in Section 26 are reduced by loosening the clamping means.

16.13 A hole in a wall or partition through which insulated wires or cords pass and on which they bear
shall be provided with a smooth, rounded bushing or shall have a smooth, rounded surface upon which the
wires or cords bear. The bushings, where required, shall be of ceramic, phenolic, cold-molded
composition, fibre, or other like material. Thermoplastic or thermoset material shall not be clamped so as
to cause cold-flow of the material that results in a risk of fire or electric shock.


https://ulnorm.com/api/?name=UL 1996 2022.pdf

AUGUST 30, 2022 UL 1996 35

16.14 Wiring which is subject to moisture, such as from an air conditioner evaporator coil, shall be of a
type which is rated for use in moist locations.

17 Separation of Circuits

17.1  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 circuits of different voltages. Segregation of insulated conductors is accomplished by
clamping, routing, or equivalent means that ensures permanent separation from insulated or uninsulated
live parts of a different circuit.

17.2 |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 anyothef circuit, unless the
condugtors of both circuits are or will be insulated for the maximum voltage of either circuit.

17.3 |Within a compartment that is not a control enclosure junction hox’or its equivalent, field-installed
low-vdltage circuit conductors are segregated from factory-installed conductors of |different circuits by
locating field wiring openings, routing factory wiring, and locating glectrical components, so that the factory
condugtors are maintained at least 127 mm (5 inches) from a line\representing intendgd routing of the low-
voltage conductors. The line is to allow for droop, and is to_€ennect the opening provided for entrance of
the low-voltage conductors to the terminals or leads to which the conductors are attached.

17.4 |There shall be provision for segregating or separating by barriers field-installed conductors of a
high-vpltage circuit from:

a) Uninsulated live parts connected toa\different circuit, other than wiring terminals; and

b) Any uninsulated live parts of electrical components such as a temperatufe-limiting device or
other protective device wheré short circuiting or grounding results in unsdfe operation of the
equipment; except at wiring-terminals.

17.5 |There shall be provjsion for segregating or separating by barriers, field-installed conductors of a
low-vdltage circuit from:

a) Uninsulated-live high-voltage circuits; and

b) Wiringd¢erminals and any other uninsulated live parts of high-voltage electrical components such
as a temperature-limiting device, or other protective device where short cir¢uiting or grounding
results in unsafe operation of the unit.

17.6 When a barrier is used to provide separation between the wiring of different circuits, it shall be of
metal or of suitable insulating material of adequate mechanical strength, and reliably held in place.

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

17.8 When 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, provides for
the separation of the circuits of different voltages.
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17.9 Field-installed conductors are 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 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.

17.10 The output of a transformer device supplying a low-voltage 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 meet the definition of a Class
2 circuit (30 volts or less and 100 volt-amperes or less).

17.11 Two or more transformer devices supplying low-voltage circuits, and not more than 100 volt-
amper ' i ircuits. When more than
one such circuit is intended to be field-wired, the several circuits shall be segregated or separated by
barriers as specified in 17.2, and the transformer output of each circuit shall be-markied to warn that the
separation shall be maintained.

18 Electrical Insulation

18.1 Material for the mounting of uninsulated high-voltage parts)shall be heat-rgsistant, absorption
resistapt insulating material that is intended for its particular application, and that will [withstand the most
severe|conditions that are encountered in service. Such matefials include porcelain, phenolic composition,
cold-mplded composition, or a material having equivalent electrical and physical propefties.

18.2 The acceptability of insulating materials shall ihclude consideration of the following:
a) Mechanical strength;

b) Dielectric strength;

c) Insulation resistance;

d) Heat- and moisture-resistant properties;

e) The degree of enclosure or protection; and

f) Other factorsthat have a bearing on the risk of fire or electric shock under copditions of intended
use.

19 Groundingjand Bonding

19.1 An_exposed dead metal part that becomes energized shall be bonded to the pdint of connection of
the equipment grounding terminal or Tead, and to the metal surrounding the knockout, hole, or bushing
provided for field power supply connections.

19.2 Except as required in 19.3, uninsulated dead metal parts of cabinets, electrical enclosures, control
mounting brackets, and electrical components, shall be bonded for grounding when contact by the user or
by a service person during servicing of the equipment is possible.

19.3 Metal parts, as indicated below, need not comply with the requirements of 19.1 and 19.2:

a) An adhesive attached part such as a metal foil marking, a screw, or a handle that is located on
the outside of an enclosure or cabinet and is isolated by grounded metal parts from electrical
components or wiring so that it cannot become energized;

b) An isolated metal part, such as a small assembly screw that cannot come in contact with wiring
and uninsulated live parts;
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c) A panel or cover that does not enclose uninsulated live parts, when wiring cannot come in
contact with the panel or cover so that the panel or cover cannot become energized; and

d) A panel or cover that is insulated from electrical components and wiring by a barrier of
vulcanized fibre, varnished cloth, phenolic composition, or similar material not less than 0.8 mm
(2/64 inch) thick, and that is secured in place.

19.4 The bonding shall be by a positive means, such as by clamping, riveting, brazing, welding, or
making a bolted or screwed connection. The bonding connection shall penetrate nonconductive coatings,
such as paint. Bonding around a resilient mount shall not depend on the clamping action of rubber or

similar material.

19.5
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19.6
with 14

19.7
the do

19.8
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A bolted or screwed connection that incorporates a star washer or serrationsyu
es with the requirements for penetrating nonconductive coatings in 19.4.

The use of two or more screws, or two full threads engagement of a sifigle scre
D.4 when the bonding means depends upon screw threads.

Metal-to-metal hinge bearing members for doors or covers are ‘determined to b
br or cover for grounding when a multiple bearing pin type (piano type) hinge is U

The size of a copper or aluminum conductor employed to bond an electrica
on the rating of the branch circuit overcurrent device by which the equipment

bf a conductor the cross sectional area shall be ho less than that of the wire requ

A bonding conductor to an electrical component need not be larger than the
mponent.

Bonding conductors in equipmént shall have insulation equivalent to that of liy
5 any likelihood of accidental-¢ontact with uninsulated live parts.

Splices shall not betemployed in wire conductors used for bonding.

When more than one size branch circuit overcurrent device is involved, the
Ctor shall _be\based on the rating of the overcurrent device intended to p
tion for the component bonded by the conductor. For example, when an ele
ually_protected by a branch circuit overcurrent device smaller than other overg
e equipment, a bonding conductor for that component shall be sized on the bas
intended for ground fault protection of the component.

nder the screwhead

v in metal, complies

e means of bonding
sed.

enclosure shall be
s protected. Except

bd below, the size of the conductor shall be asispecified in 15.2.12. When a clamp or strap is used in

ired by 15.2.12.

conductor supplying

e conductors, when

size of the bonding
rovide ground fault
trical component is
urrent devices used
is of the overcurrent

20 Mounting of Components

20.1

Electrical components (for example, switches, fuseholders, lampholders, attachment plug

receptacles) shall be mounted securely, and except as permitted by 20.2, shall be prevented from turning.
High-voltage or safety circuit (see 24.3) electrical parts shall not be attached to removable covers. Friction
between surfaces is not acceptable as the sole means of preventing shifting or turning of a live part, but a
properly applied lock washer is acceptable.

20.2 The requirement that a switch be prevented from turning is waived when the following conditions
exist:

a) The switch is of a plunger or other type that does not tend to rotate when operated;
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b) The means for mounting the switch is not subject to loosening as the result of operation of the

switch;

¢) Spacings are not reduced below the minimum required values by rotation of the switch; and

d) Rotation of the switch cannot apply strain on the conductors or their terminal connections.

20.3 Fuseholders shall comply with the Standard for Safety Fuseholders — Part 1: General
Requirements, UL 4248-1, and the Standard for Safety Fuseholders — Part 4: Class CC, UL 4248-4 or the:

21 Switches and Fan Controllers

21.1
fan or
Contro
60730
Tempe

21.2
up pos

21.3

side of
ungrou
control

a) Standard for Safety Fuseholders — Part 5: Class G, UL 4248-5; or

b) Standa;d fg; Safe_te‘ Euseholders=Part 6. Class-H UL 4248 R; or.
c) Standard for Safety Fuseholders — Part 8: Class J, UL 4248-8; or
d) Standard for Safety Fuseholders — Part 9: Class K, UL 4248-9; or

e) Standard for Safety Fuseholders — Part 11: Type C (Edison Base) and Tyg
4248-11; or

f) Standard for Safety Fuseholders — Part 12: Class R, UL(4248-12; or
g) Standard for Safety Fuseholders — Part 15: Class T,)UL 4248-15; or

h) Outline of Investigation for Fuseholders — Part47: Class CF, UL 4248-17.

blower motor shall comply with the requirements for a fan control as given in th
s, UL 353; or the Standard.for*Automatic Electrical Controls, Part 1: General
1 and the Standard for:.Automatic Electrical Controls, Part 2: Particular
rature Sensing Controls,(UL 60730-2-9.

When the handle of a’single throw switch is operated vertically, the “on” handle j
tion.

any fuses in the heater and shall be such that, when opened, the device
nded conductors of the power supply circuit when the switching device itself (or
5'the ‘switching device) has a marked on or off position.

e S Plug Fuse, UL

A\ contactor, time-delay relay, or similar device, such as a silicon controlled reciifier, that controls a

p Standard for Limit
Requirements, UL
Requirements for

position shall be the

A switching-device that interrupts the main power supply circuit to a heater shall be on the supply

will disconnect all
the pilot device that

21.4 Control equipment, including transformers, and heaters, when located within the discharge or return
air space, shall be so designed, enclosed, or protected that dense smoke will not be generated or flame
emitted under any conditions that occur in service.

21.5 A duct heater shall have terminals or leads for field connection of an interlock circuit for a circulating
fan motor unless an airflow interlock is provided as an integral part of the heater and arranged so that no
heating element circuit can be energized unless the interlocking contacts are closed or the interlocking
power supply energized. This does not preclude the use of a fan delay control that complies with the
applicable requirements for a fan control.

21.6 A component, such as a pilot light or resistor shall not be connected across the contact terminals of
a safety control, such as a temperature-limiting control, unless the reliability of the component not to
bypass the safety control can be determined.
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21.7 A contact or similar device, such as a silicon controlled rectifier, actuated by a limit control shall
comply with the requirement for a limit control when it is a part of the limit-control circuit.

21.8 A contactor or similar device, such as a silicon controlled rectifier, required for use with a limit
control shall be provided by the manufacturer of the heater, but need not be mounted on the heater. See
45.1.7.

21.9 A low-temperature setting on a thermostat shall not be identified as a true off position and shall not
be so marked unless the thermostat does not reclose when cooled to a temperature of minus 35°C (minus

31°F).

21.10

\When an 9||V|||9r\l control rln\llr\n such as a3 +hnrmne+9f or-a-combination th

rmostat and control

switch
anothe
meani
of the

in a duct heater or remote control assembly has a marked on or off position,
r wording or symbol, such as “NO HEAT”, “COLD”, “O”, or similar wording, itha
hg as off, it shall disconnect the element or elements and controls from all ung
supply circuit when placed in that position. This requirement applies-to a the

or is marked with
t conveys the same
rounded conductors
rmostat in a remote

contro] assembly that is referred to on the product nameplate, but dogs/not apply tp a remote auxiliary
contro| device in a Class 2 circuit such as a room thermostat.

21.11 | An auxiliary control is determined to be one that is~intended primarily for regulating time,
tempefature, or equivalent, under conditions of intended _éperation, but is not intgnded for protection
againgt overload or excessive temperature conditions, or equivalent.

21.12| Clock-operated switches shall comply with the.Standard for Clock-Operated Syitches, UL 917.
21.13| Enclosed and dead-front switches shallcomply with the Standard for Enclosed and Dead-Front
Switches, UL 98.

21.14| General-use snap switches shall comply with the Standard for General-Use|Snap Switches, UL
20.

21.15| Special-use switches.shall comply with the Standard for Special-Use Switches|, UL 1054.

21.16| Switches for duct heaters shall comply with the Standard for Switches for Appliances — Part 1:
Genergl Requirements,/UL 61058-1.

2117

Programmable controllers shall comply with the Standard for Programmable

Equipment Requirements, UL 61131-2.

Controllers — Part 2:

22 T

221

Fansformers

Transformers intended for supplying power to low-voltage circuits shall be such that there is no

electrical connection, other than by electromagnetic induction, between the low-voltage circuit and the
primary circuit.

22.2 A transformer, or combination of transformer and fixed impedance, as the source of supply of a low-
voltage circuit, and intended for connection to Class 2 open wiring, shall be subjected to an output test with
the primary energized at full rated voltage. Under any noncapacitive conditions of loading from no load to
the short circuiting of any or all secondary (low-voltage) installation wiring terminals, and without disturbing
internal connections, the secondary output current shall be not greater than that required for a Class 2
transformer.

22.3 Atransformer (including an autotransformer), other than that described in 22.9 and 22.10 shall:
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a) Be provided with thermal overload protection in accordance with the requirements of 22.5; or

b) Be protected by an overcurrent device in accordance with the requirements of 22.6; or

¢) Comply with the Transformer Burnout Test, Section 39.

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

22.4 When a transformer (with a high-voltage primary circuit) incorporates a thermal overload protective
device, the device shall be arranged to interrupt primary current, and shall limit the temperatures of the
transformer windings, under overload conditions, to those required by the particular class of insulation of

the trampstformer windings.

Exception: When the thermal overload protective device is a nonrenewable thérmal ¢
han an overload test shall be conducted to determine compliance with this requi

rather {

22.5
Guide,
less th

Electriq
Contro

22.6
227

overcu
See 272

A\ thermal cutoff shall comply with the Standard for Thermal-Links - Requireme
UL 60691. A manual or automatic resetting thermal protector shall have an end
an 6000 cycles and shall comply with the Standard for ‘Temperature Indicat
Equipnent, UL 873, or shall be a type-2 action thermal cut-out, as specified in the Sta

al Controls, Part 1: General Requirements, UL 60730:1 and the Standard for

Except as noted in 22.8, a transformér having a high-voltage primary shall
rent device (or devices) located.in the primary circuit, and rated or set as indi
.11.

Excepfjon: When the rated primary current of the transformer is 9 amperes or more,

this cu
rating

f protective device.jsused.

Table 22.1
Rating of overcurrent device

s; Part 2: Particular Requirements for Temperaturé.Sensing Controls, UL 60730

When a transformer having a high-voltage -primary is protected by an overc
protecfjon shall comply with the requirements spécified in 22.7, 22.8, 22.11, and 22.13.

rrent does not correspond to a standard rating of fuse or circuit breaker, the n

toff, a burnout test
rement.

nts and Application
urance rating of not
ng and Regulating
ndard for Automatic
\utomatic Electrical
-2-9.

irrent device, such

be protected by an
ated in Table 22.1.

and 125 percent of
ext higher standard

Maximum rating of overcurrent
Rated primary current. A

d
transformer primary currfnt rating

vice, percent of

Less than 2 3007
2 or more, less than 9 167
9 or more 125

@ Does not apply to an autotransformer; is increased to 500 percent when transformer supplies a motor control circuit.

22.8 When the circuit supplying a transformer other than an auto transformer is provided with
overcurrent protection rated or set at not more than 250 percent of the rated primary current of the
transformer, additional overcurrent protection is not required in the primary circuit, when the secondary
circuit is protected at not more than 125 percent of the rated secondary current of the transformer. See

22.12.
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Exception No. 1: When the rated secondary current of the transformer is 9 amperes or more, and 125
percent of this current does not correspond to a standard rating of fuse or circuit breaker, the next higher
standard rating of protective device is used in the secondary circuit.

Exception No. 2: When the rated secondary current of the transformer is less than 9 amperes, the
overcurrent device (or devices) in the secondary circuit is rated or set at not more than 167 percent of the
rated secondary current.

22.9 Except as indicated in 22.10, a transformer having a rated output of not more than 30 volts and 100
volt-amperes shall be protected by an overcurrent device located in the primary circuit. The overcurrent
device shall be rated or set at not more than 167 percent of the primary current rating of the transformer.

See 2211

22.10| When the transformer is Class 2, compliance with 22.9 is not required.

2211 | Overcurrent protection in the primary circuit of a transformer, as described in 2.7 and 22.9, need
not bg provided when, based on the marked ratings of the equipment;“the rating of the branch circuit
overcyrrent protective device does not exceed the values specified in 22.7 or 22.9, as applicable.

22.12| Overcurrent protection in the secondary circuit of a, transformer, as requirdd by 22.8, shall be
provided as part of the equipment.

22.13| Arequired transformer overcurrent protective dévice shall be provided as spedified in 24.7.

22.14 | With reference to 22.13, the fuses need.notbe provided when the fuseholder is factory-installed in
the product and when the fuse ratings are marked as specified in 46.3(a).

22.15| The secondary of a transformer ‘supplying power to low-voltage circuits shall be grounded when
(see 2@.4):

22.16
Gener
Transf

2217
Gener

a) The primary is energized from a source rated at more than 150 volts-to-grou

b) It supplies powertto a control circuit that is a safety circuit.

General-purpose transformers shall comply with the Standard for Low Vo
al Requirements, UL 5085-1; and the Standard for Low Voltage Transformer
prmers, UL-5085-2.

Class 2 and Class 3 transformers shall comply with the Standard for Low V@
pl\Requirements, UL 5085-1; and the Standard for Low Voltage Transformers:

nd; or

tage Transformers:
5. General Purpose

Itage Transformers:
Class 2 and Class 3

Transformers, UL 5085-3.

Exception: Transformers located in a low voltage circuit, and that do not involve a risk of fire or personal

injury,

need not comply with this requirement.

22.18 Specialty transformers shall comply with the Standard for Specialty Transformers, UL 506.

23 E

231

23.1.1

lectric Heaters
General

A heating element shall be supported in its intended position in a substantial

and reliable manner

and shall be protected against mechanical injury and contact with outside objects. In determining when a
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heating element complies with this requirement, consideration is to be given to sagging, loosening, and
other similar conditions resulting from:

a) Continuous heating of the element; and

b) Flexing of the element supports or related wiring due to alternate heating and cooling of the
element.

23.1.2 Heating elements shall be so supported that, even when heaters are subjected to extreme
conditions of operation, including the tests specified in Section 32, short circuits cannot occur between
turns, between sections of the heating elements, or between uninsulated live parts and noncurrent-

carryin

23.1.3
insulat
or simi
than th

23.1.4
screws

23.2

23.21
amper

protec
rating i

Excepf
the res
cover &
not be

23.2.2
providg
provide

g metal parts, and the spacings of Table 26.1 and Table 26.2 are maintained.

Coiled wire heating elements are not prohibited from being supported_on p
brs depending upon the stiffness of the coil, the spacing between hooks,@and thg
ar factors. Porcelain insulators of all types will be required to be retaiped in pla
e heating element.

Heating elements shall be securely fastened to terminals (under the heads
) in such a manner that the wire does not become loosened:during the lifetime o

Dvercurrent protection

A duct heater employing resistance type heating elements shall be protected

ve devices also shall not exceed .5 times the current rating of the connecte
5 more than 13.3 amperes.

jon: When a heater assembly is provided with means for field connection to a pc
istance type elements, with or without their control circuit, in a wiring enclosurg
nd physically separated from the power supply for other loads, the rating of th
considered in applying this requirement.

The overcurrent protective devices for subdivided circuits, as required b
d by the)product manufacturer as a separate assembly for independent 1
d in the*duct heater.

obrcelain, hook type
shape of the hook,
ce by means other

of terminal binding
the heater.

At not more than 60

s, and the protected circuit shall not have a eoncurrent load exceeding 48 ampgres. These heating
elements shall be connected in protected subdivided circuits when any total concurr
exceeds 48 amperes based on nameplate ratings. When the overcurrent protectiv|
separate assembly for independent moudting, as described in 23.2.2, the rating

ent load of the unit
e devices are in a
of the overcurrent
d load, when such

wer supply for only
having a separate
e other loads need

y 23.2.1, shall be
nounting when not

2323

The overcurrent protection specifiedm 232t and 23722 shalt be circuit break

ers, cartridge fuses,

or Type S plug fuses, of a type and rating appropriate for branch circuit protection, in accordance with the
requirements of the National Electrical Code, ANSI/NFPA 70. Plug fuses shall not be used in circuits
exceeding 150V to ground; screw shells of plug fuses shall be connected to the load side of the circuit.

23.3 Heater controls

23.3.1

A duct heater shall be equipped with one or more automatically resetting t

emperature-limiting

controls, as determined by 23.3.3, that will disconnect the heating element or elements from the supply
circuit to prevent temperatures from exceeding the limits specified in Table 28.2. These temperature-
limiting controls shall be factory-installed as an integral part of the heater.

23.3.2 The temperature-limiting controls shall comply with the applicable requirements of the Standard
for Limit Controls, UL 353, or shall be a type-2 action thermal cut-out, as specified in the Standard for
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Automatic Electrical Controls, Part 1: General Requirements, UL 60730-1 and the Standard for Automatic
Electrical Controls, Part 2: Particular Requirements for Temperature Sensing Controls, UL 60730-2-9.

23.3.3 The number of automatic reset limit controls provided in a duct heater, or in several duct heaters
mechanically fastened together to form a larger unit, shall be the larger of the values determined by

applying (a) and (b):

a) One control for each equal size module. The number of modules is equal to the product of X and
Y. See Table 23.1 and 23.3.5 and 23.3.6.

b) One control for the first 150 kilowatts or less of the rating of the heater, plus an additional control
for each additional 150 kilowatts or less.

Table 23.1
XandY
Depth Length
Inches Feet
No more No more
More|than than (mm) X More than than m) Y
d 40 (0-1016) 1 Q 10 (043.05) 1
4p 80 (1016 —2032) 2 10 20 (3.04-6.10) 2
8p 120 (2032 —3048) 3 20 30 (6.14—9.15) 3
140 160 (3048 —4572) 4
140 200 (4572 —5080) 5
2qo 240 (5080 — 6096) 6

23.3.4] The position of the sensing element of each control, relative to the heating eldment or elements to
which Jt is primarily intended to respand, is to be identical in each module.

23.3.5 With reference to Table 23.1 unless otherwise defined by the required markings, depth and length
signify} respectively, the shorter and the longer dimensions of the rectangular assembly of the heating
element proper in a direction perpendicular to the airflow during operation.

23.3.6] When the'depth of the heater is greater than 6096 mm (240 inches) and/or|length greater than
9.15 m (30 feet),"the values of X and Y are determined from the following formulas, gxcept that when the
resulting quetient is not an integer, the next higher integer is to be used for value of X{and/or Y. The terms
in pargntheses are to be used for metric values.

_ Inches (mm) _ Feet  (m)
40 (1016) © 20 (3.05)

23.3.7 A safety control or a temperature-limiting control intended to prevent heater operation that results
in risk of fire, electric shock, or injury to persons, shall be operative whenever the heater is connected to its
power supply, and shall interrupt operation of a sufficient number of heating elements to prevent
temperatures from exceeding applicable temperature limits.

23.3.8 The temperature-limiting control shall interrupt the power supply to the heater by direct means or
by means of a single magnetically operated relay device or contactor that complies with the requirements
for the endurance test for the limit control.
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23.3.9 A duct heater shall be provided with one or more manually resettable or replaceable backup
protective devices of the type specified in 23.3.7 that, with the contacts of the automatically reset limit
control permanently closed, limit the temperatures to comply with the requirements specified in the Backup
Protection Tests, Section 33.

23.3.10 The manually resettable or replaceable protective devices specified in 23.3.9 shall be
functionally independent of the automatically reset limit control. The following types of controls comply with

this requirement:

a) One or more thermal cutoffs, nonresettable limit controls, or manually resettable limit controls

connected to open a sufficient number of ungrounded conductors to permit the
the specified temperature limits.

unit to comply with

b) A combination consisting of one or more normally open magnetic contactors
nonresettable limit controls, or manually resettable limit controls. The thermal d
shall be connected in the coil circuit of the contactor. The combination ‘shall
product; be able to open a sufficient number of ungrounded supply condu
product to comply with the specified temperature limits; and be-independe
automatic cycling device with the unit.

and thermal cutoffs,
utoff or limit control
be integral with the
ctors to permit the
it of control by an

23.3.11 A thermal cutoff or nonresettable limit control shall,bé& secured in place and located so that it
accesgible for replacement without damage to other connections or internal wiring, [in compliance with
23.3.13 and 23.3.15.

23.3.12 A thermal cutoff or nonresettable limit control’ shall comply with the requirements of the Backup
Proteclion Tests, specified in Section 33.

23.3.13 Replacement of a thermal cutoff or, honresettable limit control shall not negessitate any of the
following:

a) Removal of the duct heateriassembly from its installation, except as specified
b) Disconnection of the field wiring systems;

c) Stretching or-~similar displacement of the heater element wire that
displacement or distortion to the extent that the performance of the heater is affe

d) Release 6f the heater element wire from its attachment when this results in

in 23.3.14;

causes permanent
cted; or

Hisplacement of the

element:

Except
the re

jon+ A’ thermal cutoff or nonresettable limit control that is not required in order to

aal (k)
LA (U/.

comply with any of

TP G2Vt T 1 2% tandard K. Aot manliiaagth /o)
MHCIrierito mriune Stdriudru 1iCCu 11ivtl UUIllHl‘y vviIar” (a/ (<]

23.3.14 With reference to the requirements of 23.3.13(a), removable heating elements or an element
assembly shall be withdrawn, or a heater shall be partially withdrawn, to replace a thermal cutoff or
nonresettable limit control, when withdrawal will not result in noncompliance with the requirements of
23.3.13 (b), (c), and (d).

23.3.15 Wiring connected to a thermal cutoff or nonresettable limit control shall be secured so that
replacement of the thermal cutoff or nonresettable limit control will not result in displacement or
disturbance of internal wiring other than leads to the cutoff or limit control, or leads to a heating element
assembly on which the cutoff or limit control is mounted.

23.3.16 A thermal cutoff or nonresettable limit control shall not function during any test performed on a
product employing electric heaters, when the automatically resettable limit control is connected in the
circuit.
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23.3.17 Sequence controls, such as thermal relays or mechanical step controls, used to control one or
more sections of the heater element load, shall be able to withstand 100,000 cycles of making and
breaking the load controlled, unless the unit withstands required tests without sequence controls.

23.3.18 Mercury or magnetic contactors used on open coil electric duct heaters shall break all
ungrounded conductors. Phase break on three phase heaters shall not be permitted. Where silicon
controlled rectifiers (SCR's) are used, the safety contactor shall break all ungrounded conductors. This
requirement does not apply to sheathed type electric duct heaters.

23.3.19 Motor starters shall comply with the Standard for Low-Voltage Switchgear and Controlgear —
Part 1: General Rules, UL 60947-1 and the Standard for Low-Voltage Switchgear and Controlgear — Part
4-1: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.

23.4
empld

Duct heaters employed in ductwork or plenums that may contain A2 flammable refrigerants
yed in the air conditioning system

2341

the 70
followi

23.4.2
is detg

24 C

24 1
supplig
equipn
equipr

24.2
the pdg

Duct heaters which may be exposed to leakage of A2L refrigerants shall be
0°C element surface temperature, during the tests of Section 29, Power Inp
hg requirements are met:

a) The indoor fan is provided with a fan failure switch capable of detecting
operating as intended.

b) The heat source cannot be energized if the fan*failure switch detects that theg
as intended; and

c) Airflow through the heating source greater than 1.02 m/s (200 fpm).

If a refrigerant detection system input is provided which de-energizes the heat
cted a fan failure switch is not reguired.

ontrol Circuits

For the purpose oftthese requirements, a direct connected, high-voltage contro
ed from a branch/circuit separate from a branch circuit that supplies oth
nent. It is notiapped from the load side of the overcurrent device of the controll
nent.

For the*purpose of these requirements, a control circuit is one that carries eleg
rformance of a controller which, in turn, governs power delivered to a load

permitted to exceed
it, when one of the

that the fan is not

fan is not operating

source when a leak

circuit is one that is
er loads within the
bd circuits within the

tric signals directing
n the equipment. A

contro

cifetit-doesnot-carrymainpower—ctrrent—A—tapped—high-voltage—controt<ircuit is one that is

tapped within the equipment from the load side of the overcurrent device for the controlled load.

24.3 A control circuit is determined to be a safety circuit when it includes contacts of any controls integral
with, or external to, the equipment that are intended to prevent unsafe operation of the equipment due to
circuit wiring becoming grounded, open circuited, or short circuited, such as a temperature limit switch, the
failure of which to operate results in an unsafe operation.

24.4 In a control circuit that is a safety circuit, the contacts of a safety device shall be connected in the
ungrounded side of the control circuit. When the control circuit is derived from an external voltage source
the control circuit shall either:

a) Be grounded within the unit; or
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b) Be marked to caution that the side of the control circuit employing the safety device shall not be
grounded.

24.5 Conductors of high-voltage control circuits shall be provided with overcurrent protection. The rating
of the overcurrent protective device or devices shall not exceed the applicable values specified in Table
24.1.

Exception No. 1: Conductors of 18 AWG, 16 AWG, and 14 AWG, that do not exceed 1.2 m (4 feet) in
length between points of opposite polarity shall be protected by overcurrent protective devices rated 60
amperes or less.

An _ove nt_nrote hiahe 2ting a

vhen the conductors

Exception—No
when tested as specified in the Short-Circuit Test, Section 37,

withstand short-circuiting

Exceptijon No. 3: A lead, 305 mm (12 inches) or less in length need not be provided with overcurrent

protectjon.

Excepfjon No. 4: A control circuit conductor, supplied from the secondary of a singlg-phase transformer

that is|connected so that only a two-wire (single voltage) secondary is used, shall
overculrent device located on the primary side of the transformer, when this protecti
with reqquirements specified in Section 22, Transformers, andthat the rating of the devi

be protected by an
DN is in accordance
ce does not exceed

the applicable values specified in Table 24.1 multiplied by the ratio of secondarn
transfoymer voltage.

y to primary rated

Excepfjon No. 5: A control circuit conductor that.is‘tapped from the main power circuit at a point outside of

the comtrol equipment enclosure shall be protected as specified in Column A of TaBle 430-72(b) of the
National Electrical Code, ANSI/NFPA 70. The correction factors of the referenced tables need not be
applied.
Table 24.1
Overcurrent protective device rating for control circuit conductors
Maximum rating of overcurrent protective devicge, amperes
Conductors contained in control Conductors extehding beyond control
equipment enclosure equipment englosure
Tapped control-circuit conductor size,
AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 25 - 5 -
16 (1.3) 40 - 10 -
14 2.1) 100 - 45 -
12 (3.3) 120 100 60 45
10 (5.3) 160 140 90 75
Larger than 10 b b c c

2 Includes copper-clad aluminum.

b 400 percent of value specified for 60°C conductors in Table 310-17 of the National Electrical Code, ANSI/NFPA 70. The
correction factors of the referenced Table need not be applied.

¢ 300 percent of value specified for 60°C conductors in Table 310-16 of the National Electrical Code, ANSI/NFPA 70. The
correction factors of the referenced Table need not be applied.

24.6 Overcurrent protection for a conductor of a high-voltage control circuit, as required by 24.5, shall be
provided as part of the equipment, when, based on the marked rating of the equipment, the rating of the
branch circuit overcurrent protective device exceeds the applicable values specified in Table 24.1.
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Exception: When the unit employs a direct-connected high-voltage circuit, and the overcurrent protective
devices are not provided as part of the unit, the unit shall be marked to specify the maximum size of
overcurrent device for the unit. The type of overcurrent protection shall be specified in the marking.

24.7 Overcurrent protective devices shall be provided for all ungrounded conductors, and have a voltage
rating not less than the circuits in which they are used. The devices shall be either a circuit breaker that
provides branch circuit protection or a fuse that provides branch circuit protection such as Class CC, CF,
G,H, J,K,L,R,orT, ora Type S plug fuse.

Exception: When the control circuit is tapped from a circuit supplying other loads in the equipment, a
device used for overcurrent protection is not prohibited from being of the supplementary type (a type other

than i

dicated for branch circuit protection provided the fuse has a short circuit rating

s specified in Table

37.1),
replac

24.7 1
Requi
248-4,

24.7 .2
Switch

Excep
Break

when it has a short circuit rating acceptable for the circuit in which it is used
ement marking.

Fuses shall comply with the Standard for Safety Low-Voltage-Fuses
ements, UL 248-1; and the Standard for Safety Low-Voltage Fuses = Part 4: (
or the:

a) Standard for Safety Low-Voltage Fuses — Part 5: Class ‘G Fuses, UL 248-5; g

c) Standard for Safety Low-Voltage Fuses — Part\8: Class J fuses, UL 248-8; or
d) Standard for Safety Low-Voltage Fuses <Part 9: Class K fuses, UL 248-9; of
e) Standard for Safety Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11; or|
f) Standard for Safety Low-VoltagéFuses — Part 12: Class R Fuses, UL 248-12
g) Standard for Safety Low-Voltage Fuses — Part 15: Class T Fuses, UL 248-15

h) Outline of Investigation’for Low-Voltage Fuses — Part 17: Class CF Fuses, U

Circuit breakers shall comply with the Standard for Molded-Case Circuit Bre
es and Circuijt-Breaker Enclosures, UL 489.

fion: Cireuit breakers used in telecommunications circuitry that comply with the
prs For-Use in Communications Equipment, UL 489A, need not comply with UL 4

24.7.3

. See 46.3 for fuse

— Part 1: General
Class CC Fuses, UL

r

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

or
;or
| 248-17.

hkers, Molded-Case

Standard for Circuit
189.

Clrcuit breakers. ha\/ing infngral grmmd fault circuit infnrrnpfnr r-:apahilih/ f

protection against

electrical shock shall additionally comply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

24.8 Where the equipment has part of a control circuit included within it, and is intended to have the
circuit completed at the time of installation by external wiring to a safety device located outside the
equipment, the equipment shall be marked to show that the external wiring is to comply with the
requirements for a Class 1 circuit.

24.9 Control circuit devices shall comply with the Standard for Low-Voltage Switchgear and Controlgear
— Part 1: General Rules, UL 60947-1 and the Standard for Low-Voltage Switchgear and Controlgear — Part
5-2: Control Circuit Devices and Switching Elements — Proximity Switches, UL 60947-5-2.
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24A Controls
24A.1 End product test parameters

24A.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 Section 3.8.

24A.1.2 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.

24A.2 Auxiliary controls

24A.2.1 Auxiliary controls shall not introduce a risk of electric shock, fire, or persanalinjury hazard.
24A.2.2 Auxiliary controls shall comply with the requirements of this end praduct stangard.

Excepfjon: An auxiliary control that complies with a component standard(s) specifigd in Section 3.8 is
considered to fulfill this requirement.

24A.3 | Operating controls (regulating controls)

24A.3.1 The following test parameters shall be among the items considered |when judging the
acceptability of an operating control investigated using"UL 60730-1. Appendix A provigles more examples
of contfols intended to be used as operating controls;

a) Control action Types 1 or 2;

b) Unless otherwise specified manual and automatic controls shall be tested for 6,000 cycles with
under maximum normal load cenditions, and 50 cycles under overload condition]s;

c) Installation class 2 per IE€’61000-4-5;

d) For the applicable.Overvoltage Category, see Table 24A.1;
e) For the applieable Material Group, see Table 24A.2;

f) For the applicable Pollution Degree, see Table 24A.3.

Table 24A 1
Overvoltage categories

Equipment Overvoltage category

Intended for fixed wiring connection I}

Portable and stationary cord-connected Il

Control located in low-voltage circuit |

NOTE — Applicable to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled
equipment that would increase the risk of fire or electric shock.
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Table 24A.2
Material group

CTI PLC value of insulating materials Material group

CTI =600 (PLC = 0) |

CTI =400 < 600 (PLC = 1) I

CTlI2175<400 (PLC=2o0r3) lla

CTI2100<175 (PLC =4) b

for Pol

NOTE — PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specified in the Standard

ymeric Materials — Short Term Property Evaluations, UL 746A.

Table 24A.3
Degrees of pollution

Duct heater control microenvironment Pollu

ion degree

No pol
Typical

influenfces, or printed wiring boards with a protective coating can achieve this degree-

ution or only dry, nonconductive pollution. The pollution has no influence.
ly hermetically sealed or encapsulated control without contaminating

1

conde
comm

Normdlly, only nonconductive pollution. However, a temporary conductivity eaused by

hsation may be expected. Typically indoor duct heaters for use in heusehold or
breial clean environments achieve this degree.

Condy
conde
affectq
heater|

ctive pollution, or dry, nonconductive pollution that becomes eonductive due to
hsation that is expected. Typically controls located near andumay be adversely
d by motors with graphite or graphite composite brushes;, or outdoor use duct

5 achieve this degree.

24A.3
accep
examy

2 The following test parameters™shall be among the items considered
ability of an operating control investigated using other than UL 60730-1. Appen
les of controls intended to be uséd as protective controls:

a) Control action Types(1 or 2;

b) Unless otherwise\specified manual and automatic controls shall be tested f]
under maximum'normal load conditions, and 50 cycles under overload conditio

c) Installation class 2 per IEC 61000-4-5;
d) Forthe applicable Overvoltage Category, see Table 24A.1;

e) For the applicable Material Group, see Table 24A.2;

when judging the
dix A provides more

or 6,000 cycles with
hs;

24A .4

24A4.

f) For the applicable Pollution Degree, see Table 24A.3.
Protective controls (limiting controls)

1 An electronic control that performs a protective function shall comply with

the requirements in

Section 3.8 while tested using the parameters in this section. Examples of protective controls are: a control
used to sense abnormal temperatures of components within the duct heater; temperature protection of the
motor due to locked rotor, running overload, loss of phase; or other function intended to reduce the risk of
electric shock, fire, or injury to persons.

24A.4.2 The following test parameters shall be among the items considered when judging the
acceptability of an electronic protective control investigated using UL 60730-1:
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a) Failure-Mode and Effect Analysis (FMEA) or equivalent risk analysis method;
b) Power Supply Voltage Dips, Variation and Interruptions within a temperature range of 10°C and
the maximum ambient temperature determined by conducting the Normal Temperature Test; see
Section 28;
¢) 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:
1) Immunity to conducted disturbances — When applicable, test level 3 shall be used; and
2) Immunity to radiated electromagnetic fields; field strength of-3 \W/m shall be used;
g) Thermal Cycling test of clause H.17.1.4.2 shall be conducted-at ambient femperatures of 10
+2° C (50 +4°F) and the maximum ambient temperature determined by conglucting the Normal
Temperature Test; The test shall be conducted for 14 days; and
h) Overload shall be conducted based on the maximui declared ambient temperature (T,,,) Or as
determined by conducting the Normal Temperature Test;
i) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software class B.
24A.4.83 The test parameters and conditionsiused in the investigation of the circuit [covered by Clause
24A.4.1 shall be as specified in UL 991, usingithe following test parameters:

a) With regard to electrical supervision of critical components, for attended du
operated system becoming-permanently inoperative with respect to movem
portion of the appliance-meets the criteria for trouble indication. For unatte
electrical supervision of critical components may not rely on trouble indication;

b) A field strengthiof*3 V per meter is to be used for the Radiated EMI Test;

c) The Composite Operational and Cycling Test is to be conducted for 14 d
extremes(0f.0°C (32°F) and 70°C (158°F);

d) The-Humidity Class is to be based on the appliance’s intended end use and
Humidity Test;

ct heaters, a motor
ent of an exposed
nded duct heaters,

ays at temperature

s to be used for the

e) A vibration 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 X failures/106

hours for the entire system. The Operational Test is to be conducted for 14 days

’

g) When the Demonstrated Method Test is conducted, the multiplier for the test acceleration factor
is to be 576.30 for intermittent use appliances, or 5763.00 for continuous use appliances. The test

acceleration factor equation is to be based on a 25°C (77°F) use ambient;

h) The 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 ambien

t air temperature of

60°C (140°F), or 10°C (18°F) greater than the operating temperature of the control, 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;
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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.

24A.4.4 Unless otherwise specified, protective controls shall be evaluated for 100,000 cycles for Type 2
devices, and 6,000 cycles for Type 1 devices, with rated current.

24A.5 Controls using a temperature sensing device

24A51 A temperature sensing positive temperature coefficient (PTC) or negative temperature
coeffigient (NTC) thermistor, that performs the same function as an operating or protedtive control, shall be
tested| using the following number of cycles when testing a sensing device~in-accordance with the
endurance test:

a) For a device employed as a operating device — 6000 cycles;

b) For a device employed as a protective device — 100,000 cygles; or
c) For a device employed as a combination operating and protective device — 1p0,000 cycles.
24B |UL 60335-1 BASED REQUIREMENTS FOR THEEVALUATION OF ELECTRQNIC CIRCUITS
24B.1| Introduction

24B.1|1 Scope

24B.111.1 Throughout this Section, when reference is made to requirements in [this Standard,” the
reference is to requirements in the main body of the Standard and not to other nequirements of this
Section.

24B.111.2 These requirements provide alternate requirements for the investigation qf electronic controls
and other circuits used in‘appliances covered by this standard.

24B.1]1.3 Thermal.motor protectors in direct contact with motor windings and intended for direct control
of the [motor supply are outside the scope of this Section even if they incorporate ong or more electronic
companents,

24B.1]2._ “General

24B.1.2.1 The requirements of this Section are intended to apply to the electronic circuit and how it is
integrated in the appliance. The overall appliance construction, performance testing and marking
requirements are applicable as specified in this Standard except as cited in the following requirements.

24B.1.3 Glossary

24B.1.3.1 DANGEROUS MALFUNCTION - Unintended operation of the appliance that may impair
safety. Operating control functions whose failure would result in a dangerous malfunction would be
considered safety critical functions. See 24B.1.3.8.

Note 1 — Control functions whose failure might result in a dangerous malfunction would include:

a) Unexpected operation of the appliance where the operation would result in risk of electric shock, fire or
mechanical hazard.
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b) Unattended energization of a heating appliance where the user has placed flammable materials near the
appliance based on the assumption the appliance would remain off.

Note 2 — See 24B.1.3.8.

24B.1.3.2 ELECTRONIC DISCONNECTION — The de-energizing of the functional load of the appliance
by an electronic device of a circuit with no air gap.

24B.1.3.3 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.

24B.1.3.4 LOW-POWER CIRCUIT — A circuit or parts of circuits farther from the supply source than a
low-poWer poiTt.

24B.1.8.5 LOW-POWER POINT — A point closest to the supply source in an electronic circuit where the
maximpm available power to an external load at the end of 5 seconds does ngt.exceed |15 watts.

24B.1.8.6 PROTECTIVE ELECTRONIC CIRCUIT (PEC) — An electronic circult that prevents a
hazardpus situation under abnormal operating conditions. The funetion of a protectiye electronic circuit
would be considered a safety critical function. See 24B.1.3.9.

24B.1.8.7 RISK OF ELECTRIC SHOCK - A risk of electricyshock is considered to ¢xist within a circuit
unless|the circuit meets one of the following criteria. Théccircuit 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 \peak;
c) The voltage does not exceed 60 V dc continuous;

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; or

e) When protectivedimpedance 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 pg¢ak or 2 mA DC:

1) Ferfrequencies exceeding 1 kHz, the limit of 0.7 mA (peak value) is multiplied by the
value of the frequency in kHz but shall not exceed 70 mA peak;

2) For voltages over 42.4 V peak and up to and including 450 \f (peak value) the
capacitance shall not exceed 0.1 pF.

24B.1.3.8 RISK OF FIRE — A risk of fire is considered to exist at any two points in a circuit where a power
of more than 15 watts can be delivered into an external resistor connected between the two points.

24B.1.3.9 SAFETY CRITICAL FUNCTION - Control, protection and monitoring functions which are
being relied upon to reduce the risk of fire, electric shock or casualty hazards.
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24B.2 Construction

24B.2.1 Components

24B.2.1.1 Capacitors

24B.2.1.1.1 A capacitor connected between two line conductors in a primary circuit, or between one line
conductor and the neutral conductor or between primary and accessible secondary circuits or between the
primary circuit and protective earth (equipment grounding conductor connection) shall comply with one of
the subclasses of the Standard for Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional

Spe0|f|cat|on Fixed Capamtors for Electromagnetlc Interference Suppressmn and Connection to the

Supply
steady

24B.2

24B.2
circuit

state test can be found in 4 12 of IEC 60384 14

1.2 Isolation devices

1.2.1  An optical isolator that is relied upon to provide isolation.between prir
5 or between other circuits as required by this Standard shall be constructed in

Standard for Optical Isolators, UL 1577, and shall be able to withstand for 1 minute, wi

ac die

24B.2
shall b
1557.
potent

24B.2
primar
contro

Excep
evalug
compd

24B.2
compl

24B.2

p.

1.2.2 A power switching semiconductor device\that is relied upon to providg
e constructed in accordance with the Standard for Electrically Isolated Semico
The dielectric voltage withstand tests required by UL 1557 shall be condu
al of 2500 volts as specified in 35.1 for 1 minute.

1.2.3 A power switching semiconductor device that is relied upon to provid
y and secondary circuits or betWween other circuits shall be a device (such as
ler) that complies with the Standard for Industrial Control Equipment, UL 508.

fion: A power switching semiconductor device located within a component that
ted to the requiremeénts for that component is not required to be further eva
nent is used within)ts established ratings and limitations.

1.2.4 A relay that is relied upon to provide isolation between primary and seg
with the-Standard for Industrial Control Equipment, UL 508.

1.3\ Printed wiring boards

Details for damp heat,

nary and secondary
accordance with the
hout breakdown, an

ectric voltage withstand potential of 2500 volts as specified in 35.1 between the input and output
circuit$

isolation to ground
nductor Devices, UL
cted at a dielectric

e isolation between
a solid state motor

has been separately
uated, provided the

ondary circuits shall

24B.2.
shall h

1.3.1
ave a flammability rating and other characteristics as specified in this Standard.

Printed wiring boards shall comply with the Standard for Printed Wiring Boards, UL 796, and

Exception: A printed circuit board solely in a Low-Power Circuit and whose failure would not constitute a

risk of

24B.2.

24B.2.

24B.2.

electric shock need not comply with UL 796.
1.4 Switch mode power supplies
1.4.1

Bridging components — switch mode power supplies

1.4.1.1

Components connected between the primary and secondary circuits of an isolating device

such as a switching transformer or between primary and secondary earth reference points shall be
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evaluated to provide the specified level of isolation for the application under normal and abnormal (single
component fault) conditions.

24B.2.1.4.1.2 A capacitor connected between primary and accessible secondary circuits shall comply
with Capacitors, Section 24B.2.1.1. This shall consist of a single Class Y1 capacitor or two Class Y2
capacitors connected in series.

24B.2.1.4.2 Switch mode power supply insulation system

24B.2.1.4.2.1 Insulation used within a transformer of switch mode power supply shall comply with the

Standard for Systems of Insulating Materials — General, UL 1446, for the specified temperature class of
the inQ latinon svetem ar the Standard for Sinale-. and Multiol aver lneiilated Windina \Wire UL 2353
~ J J J J ~ -

24B.2.2 Identification of safety critical circuit functions
24B.2.2.1 General

24B.2.2.1.1 Electronic circuits or parts of circuits shall be analyzed to determine if|the function of the
controlfis 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,
mechahical hazard or a dangerous malfunction.
24B.2.2.1.2 Safety critical functions shall be identified\as either protective electronic|circuits as detailed
in Section 24B.2.2.2 or as those of operating circuits\that mitigate dangerous malfungtions as detailed in

Section 24B.2.2.3.

24B.2.2.1.3 In the evaluation of electroni¢’,Circuits, all the contacts of relays or cgntactors that cycle
during the Normal Temperature Test shall‘be simultaneously short-circuited.

24B.2.2.2 Protective electronic circuits

24B.2.2.2.1 An electrical _component shall not be connected across the contagts of a protective
electrohic circuit.

Excepfjon: Electrical_ components may be connected across the contacts provided that any single
compohent fault does not result in a loss of protective function.

24B.2.2.2.2 . Protective electronic circuit functions are as specified in this standard.

24B.2.2.3 Operating circuits that mitigate a dangerous malfunction of the appliance

24B.2.2.3.1 The suitability of stand-by or electronic disconnect circuits shall be as specified in this
Standard.

24B.2.2.3.2 An electronic disconnection circuit whose failure could result in a dangerous malfunction
shall have at least two components whose combined operation provides the load disconnection.

24B.2.2.3.3 Operating circuits whose functions are relied upon to mitigate dangerous malfunctions of the
appliance are as specified in this standard.
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24B.2.

24B.2.

24B.2.

3 Evaluation of the different types of electronic circuits
3.1 All types of circuits

3.1.1

functions not designated as safety critical functions.

All circuit functions mandated by this standard shall be validated. This includes operating

24B.2.3.1.2 All circuits shall be evaluated to determine the effects of electronic circuit faults.

24B.2.3.1.3 When the applicable component/hardware faults specified in 24B.3.3.1.10 are imposed one
at a time they shall not result in:

24B.2
in low-

24B.2
24B.2

24B.2
incorp

24B.2

Standard for Safety of Household and Similar Electrical Appliances, Part 1: Generg

60335

24B.2
one of
supply
of ope

all batteries and other components intended to maintain the programmable compo

during

24B.2
subjeq
—imm

a) The appliance presenting a risk of fire, electric shock or mechanical hazard;

b) The loss of any safety critical function either in that circuit or others.

3.1.4 The risk of electrically generated fire from the faults of 24B'3)3 is consid
power circuits.

4 Circuits that provide safety critical functions
4.1

General

4.1.1 In addition to the requirements of 24B:2:3, circuits that provide safety ¢
brate measures to control the fault/error conditions that would impair the safety f

4.1.2 The evaluation of the programmable component shall be in accordance
-1, Edition 5.

4.1.3 Circuits that proyide-safety critical functions that rely upon a programni
more of its safety functions shall be subjected to the test of the Programmable
voltage test, Section'24B.3.4, unless restarting at any point in the operating cyj
ration due to a supply voltage dip will not result in a hazard. The test is carried

mains supply.voltage dips, interruptions and variations.

4.1.4_Circuits that provide safety critical functions shall maintain their requ
ted'to-the EMC related stresses specified in the Electromagnetic compatibility

ered to be mitigated

itical functions shall
Linctions.

with Annex R of the
| Requirements, UL

able component for
component reduced
cle after interruption
out after removal of
hent supply voltage

red functions when
EMC) requirements

nity, Section 24B.3.5.

24B.2.4.1.5 The tests of Sections 24B.3.5 are carried out with surge protective devices disconnected,
unless they incorporate spark gaps.

24B.3

24B.3.

24B.3.

24B.3.

Performance
1 General conditions for the tests
1.1 Details
1.1.1  An electronic control shall be tested in the appliance under the Perform

and order of tests specified in this Standard.

ance test conditions
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Exception: Except as noted elsewhere in this Section, upon the agreement of the manufacturer and with
due consideration of the relevant compliance criteria, an electronic control may be tested outside of the
appliance.

24B.3.1.1.2 Cumulative stress resulting from successive tests on electronic circuits is to be avoided. It

may be necessary to replace components or to use additional samples.

24B.3.1.1.3 User adjustable electronic controls shall be adjusted to their most unfavorable setting.

24B.3.1.2

Intentionally weak parts

.4

24B.3.
appliar]
met:

24B.3.
accord

24B.3.

24B.3.
operati
breake

24B.3.
miniaty
and ge
the tes

LE pu | 'y £ HRy g | H H pu | +lo + 1o
I a CUINUuUCiur ur a prinncu oirouit vuaru Ul Utict CUTTTPUTITTITU UTUUTTICTOS

ce is considered to have withstood the particular test, provided both of the follg

R |

a) The base material of the printed circuit board withstands the testof\Needle-H
Annex E of the Standard for Safety of Household and Similar Electrical Appliang
Requirements, UL 60335-1;

b) Any loosened conductor does not reduce electrical spacings (clearances or g
between live parts and accessible metal parts below the, values specified in this

c) The same result is obtained when the test is runithree times.

Exception: The base material of the printed wiring board need not comply with
Test of (a) if the base material has a flammability rating of V-0 and a CTI of minir

.2.2 Fuses other than as noted in24B.3.1.3.2 are considered to be intentio
ance with 24B.3.1.2.

1.3 Test results determined-by overcurrent protection operation

3.1 If compliance with these requirements under any of the fault conditio
pn of an overcurrent* device incorporated within the electronic control, the
I shall comply with the requirements for that component.

3.2 If compliance with the requirements of this standard depends upon
re fuseglink complying with IEC 60127-1 — Miniature Fuses — Part 1 Definitions]
heralrequirements for miniature fuse-links, during any of the fault conditions sp

is\tepeated but with the miniature fuse-link replaced by an ammeter. If the currg

open-circuited, the
wing conditions are

Flame Test (NFT) of
es, Part 1: General

reepage distances)
Standard; and

the Needle-Flame
num 100.

nally weak parts in

hs depends on the
fuse and/or circuit

the operation of a
for miniature fuses
peified in 24B.3.4.1,
nt measured:

24B.3.1.3.3

determ

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

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.

ining the current.

In case of doubt, the maximum resistance of the fuse-link has to be taken into account when
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24B.3.1.3.4 The verification whether the fuse-link acts as a protective device is based on the fusing
characteristics specified in IEC 60127-1, which also gives the information necessary to calculate the
maximum resistance of the fuse-link.

24B.3.2 Low power circuits
24B.3.2.1 Low power circuit determination

24B.3.2.1.1 The appliance shall be supplied at rated voltage and a variable resistor, adjusted to its
maximum resistance, is connected between the point to be investigated and the opposite pole of the
supply source. The resistance is then decreased until the power consumed by the resistor reaches a
maximum—Points-closest-to-the-st |pp|\]/ source atwhich the maximum power delivered. to this resistor does
not exceed 15 W at the end of 5 s are called Low-Power Points. The part of the circuit farther from the
supply source than a low-power point is considered to be a Low-Power Circuit. SeelFigure 24B.1.

24B.3J2.1.2 The measurements shall be made from only one pole of thersupply squrce, preferably the
one that gives the fewest low-power points.

24B.312.1.3 When determining the low-power points, measurements shall start with points close to the
supply source.

24B.3J2.1.4 The power delivered to the variable resistor’shall be measured by a wattneter.

24B.312.1.5 If power is interrupted to parts of circuits by intentionally weak partg, the test shall be
repeated two more times to confirm a consistent.result.

Figure 24B.1

Example of an-electronic circuit with low-power points

©

O

su0085
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24B.3.3 Abnormal operation and fault tests

24B.3.3.1 General

24B.3.3.1.1 Electronic controls shall be constructed so that the compliance criteria for risk of fire, electric
shock and injury to persons as a result of abnormal operating conditions of the appliance specified in this
Standard are fulfilled.

24B.3.3.1.2 Unless otherwise specified, the tests are continued until a non-self-resetting thermal cutout
operates or until steady conditions are established. If an intentionally weak part becomes permanently

open-
24B.3.

more t
after th

24B.3.
circuit

24B.3.

rcl |ifnrl’ the relevant testis rnpngfnd on-two-additional egmplne

B.1.3 Unless otherwise specified, only one abnormal condition is simulated
nan one of the tests is applicable to the same appliance, these tests arel.carrie
e appliance has cooled down to room temperature.

B.1.4 Fault condition 24B.3.3.1.10(f) is applied to encapsulated and similar
tannot be assessed by other methods.

B.1.5 For application of the fault conditions, the_ appliance is operated un

specifi¢d in the Normal Temperature Test of this Standard(

24B.3.
results
each c

24B.3.
the ma
Protect

24B.3.
Tempe

24B.3.
Norma

B.1.6  When any of the fault conditions are“simulated, the duration of the t
are known but no longer than as specifiedfor the Normal Temperature Test
hse, the test is ended if a non-selfresetting‘interruption of the supply occurs withi

B.1.7 If an electronic timer or programmer must operate to ensure compliance
ximum period under the conditions of the test is reached, it shall be additional
ive Electronic Circuit.

B.1.8 The contacts of relays, contactors or other devices that cycle ¢
rature Test shall besshort-circuited.

Temperature* Test of this Standard is short-circuited for abnormal operation te

at any one time. If
d out consecutively

components if the

der the conditions

pst is until ultimate
bf this Standard. In
n the appliance.

with the test before
y investigated as a

juring the Normal

B.1.9 Unless_otherwise specified, any electronic control that limits the temperature during the

5ts. If the appliance

incorpgrates more than one control, they are short-circuited, or rendered inoperative, in turn.
24B.3.83.10" Electronic circuit faults as specified in (a) — (g) shall be considered. If copsidered necessary
they shaltbe-apptiedone-ata-time:

a) Short circuit of spacings if clearances or creepage distances are less than the required values;

b) Open circuit at the terminals of any component;

c) Short circuit of capacitors, unless they comply with UL 60384-14;

d) Short circuit of any two terminals of an electronic component, other than an integrated Circuit.
This fault condition is not applied between the two circuits of an optocoupler that complies with UL

1577,
e) Failure of triacs in the diode mode;

f) Failure of microprocessors and integrated circuits except components suc

h as thyristors and

triacs. All possible output signals are considered for faults occurring within the component. If it can
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be shown that a particular output signal is unlikely to occur, then the relevant fault is not
considered; and

g) Failure of an electronic power switching device in a partial turn-on mode with loss of gate (base)
control.

Exception No. 1: Positive temperature coefficient thermistors are not short-circuited if they are used within
the manufacturer's specification and comply with the Standard for Thermistor-Type Devices, UL 1434, or
Annex J of the Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1. However, PTC-S thermistors are short-circuited unless they comply with
Clause 14.5.3 of the Standard for Audio, Video and Similar Electronic Apparatus — Safety Requirements,
UL 60065.

Excepffion No. 2: Components in Low-Power Circuits whose failure also does riot,rasult in the loss of a
Safety Critical Function

24B.313.1.11 The fault conditions of 24B.3.3.1.10 (a) — (g) shall béJapplied, one at a time to the
compg@nents on the supply side of the low-power points determined in 24B.3.2.1. Theg appliance shall not
present a risk of fire, electric shock or mechanical hazard.

24B.313.1.12 If the appliance incorporates a protective €lectronic circuit which pperates to ensure
compliance with Clause 24B.3.3, the relevant test is repeated with a single fault simulgted in the protective
electrgnic circuit, as indicated in a) to f).

24B.3/3.2 Low-power circuit fire tests

24B.3[3.2.1 Each low-power point identifiediby the test of 24B.3.3.1 shall be indiviqually tested. It shall
be shorted or loaded to the maximum available between the point and the supply refurn used for the 15
watt determination. The appliance shallmot present a risk of fire, electric shock or mechanical hazard.

24B.3]3.3 Switch mode powersupply overload test

24B.313.3.1 Each output winding, or section of a tapped winding, is overloaded in|turn, one at a time,
while the other windings are kept loaded or unloaded, whichever load conditions of normal use is the least
favoraple.

24B.3[3.3.2 Qwveérloading is carried out by connecting a variable resistor (or an electronic load) across the
power{supply.eutput. The resistor is adjusted as quickly as possible and readjusted, |if necessary, after 1
minutg to;maintain the applicable overload. No further readjustments are then permitted.

24B.3.3.3.3 For this test, any protective devices such as a fuse, manual reset circuit protector, thermal
protector, etc. is allowed to remain in the circuit.

24B.3.3.3.4 If overcurrent protection is provided by an overcurrent protection device, the overload test
current is the maximum current which the overcurrent protection device is just capable of passing for 1 hr.
If this value cannot be derived from the specification, it is to be established by test.

24B.3.3.3.5 If no overcurrent protection is provided, the maximum overload is the maximum power
output obtainable from the power supply.

24B.3.3.3.6 In case of voltage foldback, the overload is to be slowly increased to the point which causes
the output voltage to collapse. The overload is then established at the point where the output voltage
recovered and held for the duration of the test.
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24B.3.3.3.7 The duration of the test is to be for 7 hours or until ultimate results are reached. At the
conclusion of the test, there shall be no charring or burning of electrical insulation, no opening of any
protective device or any circuit component.

24B.3.4 Programmable component reduced supply voltage test
24B.3.4.1 General
24B.3.4.1.1 The appliance is supplied at rated voltage and operated under normal operation. After

approximately 60 s, the power supply voltage is reduced to a level such that the appliance ceases to
respond to user inputs, or parts controlled by the programmable component cease to operate, whichever

than th

voltags.

appliarn
voltagg

24B.3 4
of test

24B.3.
24B.3.

24B.3.
malfun
stressdq

ed under normal operatlon The voItage is then reduced to a value of approxrma

e recorded voltage. It is held at this value for approximately 60 s and then
The rate of decrease and increase of the power supply voltage is to be approx
ce shall continue to either operate normally from the same point in its‘operatin
decrease occurred or a manual operation shall be required to restaft it.

1.1.2 This test may be performed on a control outside the“appliance provided
hppropriately represent the control environment within the appliance.

-

b Electromagnetic compatibility (EMC) requirements — immunity

5.1 General

h.1.1  Protective electronic controls and“control with functions necessary to
ctions shall continue to provide their-desired safety function when subjected
s specified in (a) — (g), applied one-at'a time:

a) The appliance is subjected to electrostatic discharges in accordance wit

ely 10 percent less
increased to rated
imately 10 V/s. The
y cycle at which the

that the conditions

prevent dangerous
o the EMC related

h the Standard for

Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques -

Electrostatic discharge immunity test , IEC 61000-4-2, test level 4 being applica
having a positive pelarity and ten discharges having a negative polarity a
preselected point;

b) The appliance is subjected to radiated fields in accordance with

ble. Ten discharges
re applied at each

the Standard for

Electromagnetic Compatibility (EMC) — Part 4-3: Testing and measurement techniques — Radiated,

radio-frequency, electromagnetic field immunity test , IEC 61000-4-3, test level
The dwell time for each frequency is to be sufficient to observe a possible
protective electronic circuit;

3 being applicable.
malfunction of the

c) The appliance is subjected to fast transient bursts in accordance with the Standard for
Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement techniques — Electrical
fast transient/burst immunity test , IEC 61000-4-4. Test level 3 is applicable for signal and control
lines. Test level 4 is applicable for the power supply lines. The bursts are applied for 2 min with a
positive polarity and for 2 min with a negative polarity.

d) The power supply terminals of the appliance are subjected to voltage surges in accordance with
the Standard for Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test , IEC 61000-4-5, five positive impulses and five negative
impulses being applied at the selected points. Test level 3 is applicable for the line-to-line coupling
mode, a generator having a source impedance of 2 Q being used. Test level 4 is applicable for the
line-to-earth coupling mode, a generator having a source impedance of 12 Q being used. In
addition:
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1) Grounded heating element sheaths in grounded appliances are disconnected during this

test, and

2) For appliances having surge arresters incorporating spark gaps, the test is repeated at a

level that is 95 percent of the flashover voltage.

e) The appliance is subjected to injected currents in accordance with

the Standard for

Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniques — Immunity
to conducted disturbances, induced by radio frequency fields , IEC 61000-4-6, test level 3 being

applicable. During the test, all frequencies between 0.15 MHz to 80 MHz are

covered. The dwell

time for each frequency is to be sufficient to observe a possible malfunction of the Protective

Electronic Circuit;

f) The appliance is subjected to the class 3 voltage dips and interruptions.in
Standard for Electromagnetic compatibility (EMC) — Part 4-11: Testing
techniques - Voltage dips, short interruptions and voltage variations immunity

hccordance with the
and measurement
tests, IEC 61000-4-

11. The values specified in Table 1 and Table 2 of IEC 61000-4-11,are applied at zero crossing of

the supply voltage; and

g) The appliance is subjected to mains signals in. accordance with
Electromagnetic compatibility (EMC) — Part 4-13: Testing and measure

the Standard for
ment techniques —

Harmonics and interharmonics including mains signaling at a.c. power port, low frequency

immunity tests , IEC 61000-4-13, test level class 2 heing applicable.

24B.315.1.2 The tests are carried out with the appliance supplied at rated voltage, th¢ device being set in
the offfposition or in the stand-by mode.
24B.315.1.3 The tests of 24B.3.5.1.1 are carried out after the protective electronic fircuit has operated
during| the relevant Abnormal Operation Test of this standard. However, appliances that are attended
during|use are not subjected to the tests.for electromagnetic phenomena.
24B.4| Manufacturing and production line testing
24B.411 General
24B.411.1 In addition) to the regular production and manufacturing tests of |this Standard, the
manufacturer shall\verify the correct function of circuits that are considered to prpvide safety critical
functigns.
24B.5| Appendix
24B.5.1 General
Table 24B.1
Safety critical functions
Function? Hazard Location of parameters and tests

Air outlet temperature limit
Restricted inlet
Fan Failure

Blocked outlet

Risk of fire or casualty hazard

Risk of fire or electric shock
Risk of fire or electric shock
Risk of fire or electric shock

Section 30
Section 32.2
Section 32.3
Section 32.4

Table 24B.1 Continued on Next Page
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Table 24B.1 Continued

Function?® Hazard Location of parameters and tests
Backup protection Risk of fire or electric shock Section 33
Overload test — high voltage transformers Risk of fire or electric shock Section 38
Burnout test — high voltage transformers Risk of fire or electric shock Section 39

hazard

2 Functions specified in the table represent the common safety critical circuit functions of pumps. It is not intended to represent all
possible safety critical functions. Any function involved in the control, protection, and monitoring of safety related attributes of a
pump whereby a loss/malfunction of its functionality would represent an unacceptable risk of fire, electric shock, or casualty

s would be considered a safety critical function.

25 M

25.1
humidi
wiring.
26
26.1

26.1.1
uninsu

expos¢
Table 4

ISture

A duct heater through which air from a humidifier passes, shall be so desighed

Spacings

Hazardous voltage circuits

ated live part of opposite polarity, an uninsulated grounded part other than the
d metal part that is isolated (insulated), or the outer enclosure, shall be not less
6.1 and Table 26.2.

Except

compo
compo

jon No. 1: The above spacing requifements do not apply to the inherent spa
hent part of the unit for which-spacing requirements have been judged o
hent standard.

Exception No. 2: At closed-in points only, such as the screw and washer construc

terming
involve
is 300 -

Except

compo

ol mounted in metal,.a spacing of not less than 1.2 mm (3/64 inch) complies,

- 600 volts.

jon No. 3:._The spacings “to enclosure” are not to be applied to an individ
nent within an outer enclosure or cabinet.

hla-26-1

Ta

ier is prevented from entering the control compartment or affectingzany eleg

In circuits up to and including 600 volts, the spacings between an uninsulat

d is 300 volts or less;*and a spacing of not less than 6.4 mm (1/4 inch) complies

that water from the
trical equipment or

ed live part and an
puter enclosure, an
than as specified in

Cings (internal) of a
h the basis of the

ion of an insulated
when the potential
when the potential

ual enclosure of a

VICZOUT

Minimum spacings at locations other than electric heating elements

Rating® Minimum spacing
Through air, Over surface, To enclosure?,

Volt-
amperes Volts inch mm inch mm inch mm
0-2000 0-300° 1/8 3.2 1/4 6.3 1/4 6.3
More than 0-150 1/8 3.2° 1/4 6.3 1/2 12.5
2000 151 -300 1/4 6.3 3/8 9.5 1/2 125

3/8 9.5 1/2 12.5 1/2 12.5

Table 26.1 Continued on Next Page
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Table 26.1 Continued
Rating? Minimum spacing
Through air, Over surface, To enclosure?,
Volt-
amperes Volts inch mm inch mm inch mm
0-2000 0-300° 1/8 3.2 1/4 6.3 1/4 6.3

9The
the log
of the
the ba

separg
are to
measy

@ These spacings do not apply to an individual enclosure of a component part within an outer enclosure or cabinet.
® When over 300 volts, the spacings in the last line of the table apply.

¢ The spacings between wiring terminals of opposite polarity or between a wiring terminal and ground shall not be less than 6.3
mm (1/4 inch), except that when short C|rcumng or grounding of such termmals will not result from prOJectlng strands of wire, the

pacings at an individual component part are to be judged on the basis of the total measured yolt-am|
d or loads, which the components control. For example, a component that controls a heating elemer
neasured volt-amperes of a heating element. A component that controls loads in addition.to ‘a heatin
bis of the sum of the volt-amperes of the loads so controlled, except that in a component that indepe
te loads is judged on the basis of the volt-amperes of the larger load. The volt-ampeére, Values for the
be determined by the marked rating of the load; except that for loads that are not required to have a
red input is to be used in determining the volt-ampere values.

> field and not factory-

pere consumption of

tis judged on the basis
g element is judged on
dently controls

load referred to above
narked rating, the

Table 26.2
Minimum spacings at electric‘heating elements

600 va

Its] shall-b& sealed against moisture.

Spacing

Description of spacing Potential involved, volts Inch mm
Betwegn uninsulated live parts of opposite 0-250, 251 - 600 1/16, 1/42 1.6,6.4°
polarity; and between an uninsulated live part
and a flead metal part, other than the
enclosure, that either is exposed to contact by
persorjs or is grounded
Betwegn a live part and the enclosure 0-600 1/4 6.4
Notes |-
1 Thege spacings are applicable ‘'Only to parts of the heating element and its terminals located inside the heated air handling
compdrtment. If an uninsulated,live part is not rigidly supported, or if a movable dead metal part is in proxinpity to an uninsulated
live part, the constructionshalt’be such that at least the minimum spacing is maintained under all operating|conditions and under
all norfnal conditions ofthandling. Spacings at a thermal cutoff shall comply with Table 26.1.
2 Metgl-sheathed heater elements that have spacings at terminations between live parts and noncurrent-carrying metal parts less
than 3|2 mm (0.4 3%inch) [6.3 mm (0.25 inch) for 300 — 600 volts], but not less than 1.6 mm (0.06 inch) [3.2 hm (0.13 inch) for 300 —

@ A spacing ef'not less than 1.6 mm (1/16 inch) is permissible at a heating element rated for 300 volts or Ies]s.

26.1.2 An insulating liner or barrier of vulcanized fiber, varnished cloths, mica, phenolic composition, or
similar material, employed where spacings would otherwise be insufficient, shall be not less than 0.7 mm
(0.028 inch) thick.

Exception No. 1: A liner or barrier not less than 0.3 mm (0.013 inch) thick is used in conjunction with an air
spacing of not less than 1/2 of the through air spacing required. The liner shall be located so that it will not
be oxidized or otherwise deteriorated by arcing.

Exception No. 2: Insulating material less than 0.7 mm (0.028 inch) thick is used, when it has insulating,
physical, and flammability properties equivalent to those of the materials specified above.
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26.2 Low-voltage circuits

26.2.1 For a safety circuit, spacings shall be as follows, when operation of the product with a short circuit
or grounded circuit results in unsafe operation of the controlled device.

a) The spacing between uninsulated live parts and the walls of a metal enclosure, including conduit
fittings, or the like, shall not be less than 3.2 mm (1/8 inch).

b) The spacing between wiring terminals intended for connection of Class 1 wiring, irrespective of
polarity, and between wiring terminals and metal parts (including the enclosure) that are grounded
when the device is installed, shall not be less than 6.3 mm (1/4 inch).

=YFhe-spacingbetweer arts; pective—ofpols and-between uninsulated
live parts and metal parts, other than the enclosure, which is grounded when the device is installed,
shall not be less than 0.8 mm (1/32 inch) when the parts are constructed |n such a way that
spacings are maintained.

7/
)

26.2.2 | For nonsafety circuits, spacings are not specified.
26A Clearance and Creepage Distances

26A.1 | As an alternative approach to the spacing requirements specified in Spacings, Section 17, and
other than as noted in 26A.2 and 26A.3, clearances ‘ahd creepage distances may be evaluated in
accordpnce with the requirements in the Standard for\Insulation Coordination Including Clearance and
Creepdge Distances for Electrical Equipment, UL 840}.as described in 26A.3.

26A.2 | The clearance and creepage distance, at field wiring terminals shall be in accordance with the
requirgments in Spacings, Section 26.

26A.3 | In conducting evaluations in*accordance with the requirements in the Standard for Insulation
Coordipation Including Clearance, and Creepage Distances for Electrical Equipment, UL 840, the following
guidelipes in Table 24A.1 — Table 24A.3 shall be used.

PERFORMANCE
27 General
27.1 General

27.1.1| In)the selection of one or more test samples to represent a line of duct heaters, consideration is to
be given o the volume of the heater, the size of the duct opening, and the wattage density of the unit (total
W per square foot or per square meter of duct-heater face area). When the manufacturer's instructions
cover the multiple installation of duct heaters in various configurations, such as stacked vertically, lined up
horizontally, or arranged in tandem, tests of multiple units may also be necessary.

27.2 Supply connections

27.2.1 All tests are to be conducted with the duct heater or heaters supplied from a circuit of rated
frequency and of voltage in accordance with 28.9. All components of the system are to be connected in
accordance with the instructions mentioned in 47.1. When the instructions specify a downflow system or
any other system not contemplated in these requirements, appropriate modification of the test procedure
may be necessary.
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27.3 Airflow

27.3.1  When different values of airflow are specified for different combinations (numbers) of duct heaters
that are used in the main supply duct of the system, Normal Tests, Section 31, are to be conducted for
each group of heaters using the minimum specified airflow for that group; but, in the Abnormal Tests,
Section 32, only the minimum and maximum numbers of heaters are to be used. When a single value of
airflow is specified for the system, only the maximum number of heaters for that airflow need be tested.

27.4 Inlet air

27.41 Except as |nd|cated in27.4.2, the temperature of the |nlet air to a heater or group of heaters under
testis . ‘ i-from another heater
or gro Jp of heaters, in wh|ch case the |nlet air temperature should be no Iess than thé temperature of the
outlet jair of the other heater or heaters with which it is to be used. The inlet air’should then be 38°C
(100° F) minimum. In any case, both inlet and outlet air temperatures are to be obsg¢rved and recorded,
and the thermocouples employed are to be so located that they are not affected direqtly by radiation from
the hepter elements.

27.4.2] The inlet air to a duct heater being tested for use with heat pumps is to be maintained at 25 +2°C
(77 £4F) for all of the applicable tests in 32.2.1 — 32.4.1. All of these tests are then to be repeated with the
inlet alr to the duct heater increased to 38°C (100°F) minimum:

27.4.3| Air velocity is to be measured by any recognized means; but when it is posgible to measure the
outlet air velocity only, the inlet air velocity is to be computed from the outlet air velocity.

27.4.4] The inlet air velocity is computed by means of the formula:

PvK

V= ———
AL-T)

in whigh:

V is the inlet air velacity, feet per minute (meters per second)
P is the power jinput, kilowatts (kilowatts)

v is the"specific volume of air, cubic feet per pound mass (cubic meters per kilogram mass)

K.is the constant, 132 (T, and T, in degrees C) 237 (T, and T, in degrees|F) (1 (T, and T, in
degrees C)

A is the duct cross-sectional area, square feet (square meters)
T, is the inlet air temperature, as applicable (degrees C), and

T, is the outlet air temperature, as applicable (degrees C)
27.5 Outlet air

27.5.1 On the outlet side of the heater or heaters, the main supply duct is to terminate at and discharge
into an attached outlet duct of the same cross-sectional area. The outlet duct is to extend away from and
at right angles to the main supply duct for a distance of 914 mm (36 inches) or more, measured to the
inside corner of the connected ducts. A grid consisting of nine thermocouples of identical length wired in
parallel is to be installed in the outlet duct to measure the temperature of the outlet air. The thermocouples
are to be located in a plane perpendicular to the axis of the duct, and:
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a) For a rectangular duct — each located at the center of an equal sized rectangular area with the

areas arranged in three rows to cover the entire cross section, or

b) For a round duct — one located at the center and the others equally

spaced along the

circumference of a concentric circle having a radius of two-thirds of the duct radius. The grid is to
be located no more than 152 mm (6 inches) downstream from the location nearest to the heater at
which no thermocouple is affected directly by radiation from the heating element, and not less than

152 mm (6 inches) from the outlet end of the outlet duct.

27.6 Test enclosure

27.6.1

enclos
heater
boards
and all

Except as noted in 27.6.4, a wooden test enclosure, see Figure 27.1, is

to be employed to

e the main supply, and outlet ducts, and is to extend at least 1.2 m (4 feet) o
or heaters in the main supply duct. The enclosure is to be made of 19 mm (3
having a nominal thickness of 25.4 mm (1 inch). The inside surfaces are-to b
joints are to be sealed.

n either side of the
4 inch) plywood or
b painted flat black,
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Figure 27.1

Enclosure for duct heaters

[
Thermocouple )
grid ®

TOP VIEW

| AL

.
\ABEE R RLEE T

R max.—| |‘R min:
I °
: 7/ ® -\Thermo-couple
| / ° grid

X min.

Outlet box \ Outlet duct

or terminal (same cross
compartment section as
main supply
duct)
Heating
elemient
X
min.
air
flow |~ Wooden enclosure of
one—inch—thick insulating
O blanket
\ Main supply duct
S 2756
Dimerjsions
Code Inch Millimeter
P 2143 533 £76
R 6 152
w 36 914
X 48 1219
Note

This represents a side view of a vertical installation in which the airflow is up, and a plan view of a horizontal installation in which the
airflow is horizontal.
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27.6.2 The enclosure is to house completely and be in direct contact with the main supply duct and the
outlet duct, except that for a duct heater rated at more than 50 kilowatts, a definite clearance between the
enclosure and combustible material may be specified by the manufacturer. When such a clearance is
specified, that spacing is to be maintained between the heated surfaces of the equipment and the wooden
enclosure. The terminal box or control compartment is to be enclosed by the wooden enclosure unless the
installation instructions and the manufacturer's marking specify installation of the duct heater without the
terminal box or control compartment being enclosed by adjacent surfaces.

27.6.3 When no clearance is specified, temperatures on the metal surfaces of the equipment, measured
by means of thermocouples soldered to the metal, are to be observed and recorded. When a clearance is
specified, temperatures on the inside surfaces of the wooden enclosure are to be observed and recorded.

27.6.4
clearar
kg/m?

the hea

27.6.5
duct a
spacin

28 Tdmperature Tests

28.1

shall n
materid
any de
indicat
specifi
during
temper
functio
resettin

28.2
functio

28.3
condud
require

As an alternative to the use of the previously mentioned wooden enclos
ce is specified, an insulating blanket 25 mm (1 inch) thick and having a~dens
1 pound per cubic foot) wrapped closely around the outlet duct and the‘ main s

ure and, when no
ity no less than 16
Lipply duct and also

ter when the heater is of the exposed (flange) type meets the intent pf\the requitement.

A duct heater 50 kilowatts or less shall be tested for installation with zero spacing between the

nd combustible surfaces. A duct heater rated more than 50 kilowatts necs
hs be larger than zero. See 45.1.3(h).

A\ duct heater shall be subjected to all the tests.indicated in 30.1 — 32.4.1. In 4
bt attain a temperature at any point sufficiently high to cause a risk of fire or to 3
| employed in the heater. The observed*temperature rise above the temperatu
signated point shall be no more than the limits indicated in those paragraphs, 4
pd in 31.1 — 32.4.1, the temperature-rise on any particular material shall be

rise given in Table 28.2, except that an additional 30°C (54°F) temperature
the first hour only of an abngrmal test, see 32.2.1 — 32.4.1. All tests shall be
atures under observation.become stabilized, except that when a manual
ns during an Abnormal(Test, Section 32, the maximum temperature is to bg
g the control.

The 1-hour interval mentioned in 28.1 begins with the initial operation of the
N in each abnormal test and is not to be repeated during that abnormal test.

All values’/in Table 28.2 are based on an assumed ambient temperature of 25°
ted.at\any ambient temperature within the range of 10 — 40°C (50 — 104°F) me
ment. However, no observed temperature higher than 25°C (77°F) plus the spe

pssitates that such

ach test the heater
dversely affect any
re of the inlet air at
nd during the tests
no higher than the
rise is permissible
continued until the
reset limit control
 observed without

first limit control to

C (77°F), but a test
ets the intent of the
tified maximum rise

complies, when the operation of an automatic thermal control during the test limits the

observation.

emperatures under

28.4 Temperatures are to be measured by thermocouples consisting of 24 AWG — 30 AWG (0.21 — 0.05
mm?) wires, except that a coil temperature determined by the change of resistance method meets the
intent of the requirement. See 28.7.

28.5 A temperature is considered to be constant when three successive readings, taken at 10 minute
intervals that stabilized temperatures have been established (no more than a 1 percent net increase
between the two last readings). When the temperatures measured are within 5 percent of the values
specified in Table 28.2, the test shall be continued until two successive 10 minute readings indicate
constant temperatures.
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28.6 A thermocouple junction is to be securely held in good thermal contact with the surface of the
material whose temperature is being measured. Adequate thermal contact obtained from taping,
cementing, brazing or soldering the thermocouple in place meets the intent of the requirement.

28.7 Ordinarily a thermocouple is to be used for determining temperature of a coil or winding when it can

be mo

unted, without removal of encapsulating compound or equivalent:

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

b) On the outer surface of a wrap that is no more than 0.8 mm (1/32 inch) thick and consists of

cotton, paper rayon, or equivalent, but not of thermal insulation.

The ¢
condu

28.8

ange of resistance method is to be used when the thermocouple meas
Cted in accordance with the foregoing considerations.

At a point on the surface of a coil where the temperature is affected by, an exts

the temperature rise measured by means of a thermocouple is higher by the followi

maxinj
metho

um indicated in Table 28.2, when the temperature rise of the ‘coil measure
d is no greater than specified in Table 28.2:

urement cannot be

rnal source of heat,
ng amount than the
d by the resistance

Additional Temperature Rise

Item in Table 28.2 Degrees C Degrees F
7 15 27
8 20 36

28.9

until ¢
that, W
heater
measl

To determine when a heater complies;with the requirement in 28.1, it is to be oq
bnstant temperatures have been reached. The test voltage is to be as indicated i
hen the application of the indicated test voltage does not result in the measured
being equal to or more than.the marked wattage rating, the test voltage is to b
red wattage input equals_the-marked wattage rating.

Table 28.1
Voltage or temperature test

erated continuously
n Table 28.1, except
wattage input to the
b increased until the

Marked voltage rating Test potential in v

blts

Valuewithin one of the specific ranges Highest value of corresponding

Value not within one of the specified ranges Rated Voltage

bpecified ranges

Note:

Bpecified range refers to any of the ranges of valtage mentioned in 45 1 3(c)

Table 28.2
Maximum acceptable temperature rises

Degrees
Materials and component parts C F
1. Airfilter 65 117
2. Any point within a wiring compartment in which field-installed conductors are to be 50 90

connected, including such conductors themselves.

Table 28.2 Continued on Next Page
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