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INTRODUCTI

1 Scope

ON

1.1 These requirements cover electrical equipment for control of air-conditioning, heating, cooking,
refrigeration, and humidity, rated 600 volts or less, to be used in ordinary locations in accordance with the
National Electrical Code, NFPA 70.

1.2 These requirements cover general-use equipment for field-installation and controls intended to be
factory installed on or in certain appliances as safety, limiting, or operating controls. These controls
respond directly or indirectly to changes in temperature, humidity, or pressure to effect control of

equipment or

a) R
equip
magn
witho

b) Ing
applic
press
heate
and re
not cd

c) Re
contrd

d) Co

appliance operation. Devices covered by these requirements include:

ei:igeration Controllers — Humidistats for factory installation on or in refrigerat

ent; pressure, temperature, pneumatic pressure, motor, timer, bimetallic-he
btically-operated controls, and the like, and combinations thereof in-control p
t transformers. See 1.4.

ustrial Operating Controls — Temperature controllers for industrial, farm, and
ptions; snow melting controls; return-duct humidistats; humidity controllers; p

, motor, timer, and magnetically operated sequence switches; stoker control
cording controls; and motor operators for actuatifg air dampers. These reqy
ver output connected apparatus such as dampets, linkages, or valves.

sidential Operating Controls — Room thermostats, room humidistats, and oth
Is for residential heating and cooling appliances.

ntrols for Factory Installation on orin Appliances —

1) Controls as mentionedin-(a) — (c) but specifically intended for use on,
part of the end-use equipiment.

3) Other controls including door-interlock thermostats for self-cleaning ove
baseboard heater temperature-limiting controls; humidifier controls; fan the
temperature-regulating and -limiting thermostats for electric heating equipn
clothes’/dryers, air heaters, household and commercial cooking appliances
parlor equipment, steam and dry bath heaters, and ranges (controlling ove

elements).

ire regulators; transformer (low-voltage secondary) relays; pneumatic pressu

on
Ater,
anels with or

boiler room
neumatic

re, bimetallic-
5; indicating
irements do

er operating

n, oras a

2) Electric water-heater controls intended to regulate or limit water tempernature.

ns;
rmostats; and
hent such as
beauty-

n or surface

1.3 Certain safety controls, and safety control circuits on operating controls, are investigated under the
requirements in this standard, insofar as they apply, and also under the applicable requirements for limit

controls.
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1.4 The following devices are among those considered to be refrigeration controllers:

a) A control that either directly or indirectly controls the starting and stopping of a compressor
motor of refrigeration or air-conditioning equipment because of variations in temperature,
pressure, refrigerant level, or the like.

b) A pressure limiting device and a defrost temperature-limiting device for refrigeration or air-
conditioning equipment.

c) An auxiliary device, such as a defrost timing control, a defrost temperature regulating control,
a start winding relay for a compressor motor, a control or defrost or heat pump change-over,
fan or pump motor, vane or load capacity regulator, or a similar device that primarily serves

refrigq

d) A
progra

1.5 A wall-mq
equipment is

1.6 Industrial
other applicati
and comparah

1.7 A resider
environments

1.8 A humidis

' H PN HT H P +
rativurnm Uur daimouriuniurmTty CTYUUTPTTITCTIL.

tontrol panel that, incorporates one or more of the functions describedin, (a)
imming refrigeration or air-conditioning equipment.

unted room thermostat not intended for mounting in or on refrigération or g
nvestigated as a thermostat and not as a refrigeration controllef.

temperature-indicating and -regulating controls include controls that are int
pns, for installation in or on industrial apparatus, or forpoiler or furnace room,
le locations that may not always be clean and dry

tial control is one intended for indoor comfort control use in clean, dry
such as dwellings, offices, and stores.

tat is investigated in the same manner‘as a thermostat.

1.9 Require

ents for controls intended t@\.-be factory installed on or in appliances

requirements pppropriate for the end-use appliance. The spacing requirements for several
are specified in Table 32.1.

1.10 These requirements do nof\cover primary safety or limit controls for gas, oil, of

central-heating furnaces or boilers; duct heaters; oil or gas burners; or stokers; nor do they
for oil pumps fnd oil level regulators; boiler-feed or low-water cut-offs; or furnace fan or bo

1.11 These rpquirements do not cover low-voltage thermostats, damper controls or s
intended for cpnnection’ only to a low-voltage circuit of limited power supplied by a primary
a Class 2 transfaormer. An assembly consisting of a line-voltage transformer with a low-volt
incorporated 3s\ah integral part of a control, such as a thermostat or a damper control, is|considered to

— (c) for

ir-conditioning

ended, among
farm, outdoor,

nonindustrial

may include
such controls

electric-fired
cover controls
ler circulators.

milar devices
battery or by

ge secondary

be within the scope of these requirements. See 6.1.

1.12 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A
product whose features, characteristics, components, materials, or systems conflict with specific
requirements or provisions of this standard does not comply with this standard. Revision of requirements
shall be proposed and adopted in conformance with the methods employed for development, revision, and

implementatio

n of this standard.
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2 Glossary

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

2.2 CLASS 2 TRANSFORMER - A stepdown transformer of the low-secondary-voltage type (30 volts
or less) rated for use with Class 2 remote-control circuits, low-energy power circuits, and signal circuits

(including bell or buzzer circuits and the like) in accordance with the National Electrical Co

de, ANSI/

NFPA 70-1993. Unless such a transformer is of the energy-limiting type having sufficient winding
impedance to limit the current output to a specified maximum value, it is required to be provided with a

fuse or other overcurrent-protective device rated for the application.

2.3 EQUIVALENT SELF-HEATING THERMAL PROTECTOR — A SHTP that is identified

as being

equivalent withenetherSHHP-anc
other SHTP W
the fixture.

HY dad o o Lolot: £ich HYY ™
< IMTICTIUTU U VT UoTU T A TTYTitnTy TIATUTTHITIeToriariyca

ithout adversely affecting the compliance of the lighting fixture with the requi

2.4 |ISOLATH
a transformer
rating not exc

ED-LIMITED-ENERGY CIRCUIT — A circuit derived from an isolatéd-secondg
having a maximum capacity of 100 volt-amperes and an open-citcuit second
peding 1000 volts.

2.5 LINE-VOQ
circuit charac

LTAGE CIRCUIT — A circuit involving a potential of nat more than 600 volts
ristics in excess of a low-voltage or isolated-limited-energy circuit.

2.6 LOW-VQLTAGE CIRCUIT — A circuit involving a potential>of not more than 30 volts g

ly with the
ements for

ry winding of
ary voltage

and having

nd supplied

by a primary battery, by a standard Class 2 transformer, or by a combination of a transformer and a

fixed impedance that, as a unit, complies with all the perférmance requirements for a Clas
transformer. A circuit derived from a line-voltage circuit'by connecting resistance in series
supply circuit ps a means of limiting the voltage and current is not considered to be a low-
circuit.

2.7 PORTAHLE EQUIPMENT — Cord andiplug connected equipment that is capable of b
or moved abopit.

2.8 SELF-HRATING THERMAL RROTECTOR (SHTP) — A thermal protective device con
temperature sensitive switching élement and a load voltage heater within a common housi
mounted on @ non-Type IC recessed fixture, the SHTP is intended to cycle under field relg
heating condifions.

2.9 STATIONARY EQUIPMENT — Cord and plug connected equipment that is intended t
in place, or lotated in a dedicated space.

5 2
with the
voltage

bing carried

bisting of a
ng. When
ted abnormal

b be fastened

2.10 THERMAL PROTECTOR — A thermal protective device consisting of a temperature
switching element with or without a series heater within a common housing.

sensitive

2.11 COMPONENT — A device or fabricated part of the control equipment covered by the scope of the
safety standard dedicated to the purpose. When incorporated in the ultimate use equipment, a product
otherwise typically field installed (e.g. luminaire) is considered to be a component. Unless otherwise
specified, materials that compose part of a device or a fabricated part of a device, such as
thermoplastic or copper, are not considered components.

2.11 added January 6, 2012
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2.12 CONTROL, OPERATING — A device or assembly of devices, the operation of which starts or
regulates the end product during normal operation. For example, a thermostat, the failure of which a
thermal cutout/limiter or another layer of protection would mitigate the potential hazard, is considered an
operating control.

2.12 added January 6, 2012

2.13 CONTROL, SAFETY OR PROTECTIVE — A device or assembly of devices, the operation of
which is intended to reduce the risk of electric shock, fire or injury to persons during normal and
reasonably anticipated abnormal operation of the appliance. For example, a thermal cutout/limiter, or
any other control/circuit relied upon for normal and abnormal conditions, is considered a safety or
protective control.

2.13 added January 6, 2012

3 Units of Mgasurement

3.1 Values stpted without parentheses are the requirement. Values in parentheses are g¢xplanatory or
approximate information.

4 Component
4.1 deleted J,
4.2 deleted J
4.3 deleted J.

4.4 deleted J

[

hnuary 6, 2012.
hnuary 6, 2012.
hnuary 6, 2012.

hnuary 6, 2012.

5 References|

5.1 Any undajed reference to a code or standard appearing in the requirements of this stapdard shall be
interpreted as|referring to the latest edition of that code or standard.

CONSTRUCT|ION

5A Componepts
5A added January 6, 2012

5A.1 General

5A.1.1 A component of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in this standard;

b) Be used in accordance with its rating(s) established for the intended conditions of use;
¢) Be used within its established use limitations; and

d) Additionally comply with the applicable requirements of this end product standard.

Exception No. 1: A component of a product covered by this standard is not required to comply with a
specific component requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the

produ

ct, or

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

c) Is separately evaluated when forming part of another component, provided the component is
used within its established ratings and limitations.

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

a) The component also complies with the applicable component standard as cited in this

stand

b) Th

5A.1.2 A com
ground-fault

thereof, shall
that provide tk

Exception: V|
markings, insf
applied.

5A.1.3 A com

ol
T4, U1
e component standard:

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

2) Considers long-term thermal properties of polymeric«insulating material,
accordance with the Standard for Polymeric Materials = Long Term Prope
Evaluations, UL 746B, and

3) Any use limitations of the other component.standard is identified and a
accommodated in the end use application. kor example, a component US€
household application, but intended fordrdustrial use and complying with {
component standard may assume user-expertise not common in househo
applications.

ponent that is also intended to\perform other functions, such as over curr
ircuit-interruption, surge suppression, any other similar functions, or any
comply additionally withthe tequirements of the applicable standard(s) that
ose functions.

here these othe( functions are not required for the application and not ident
ructions, or packaging for the appliance, the additional component standard(

component st
personal inju

i

ponentnot anticipated by the requirements of this standard, not specifically ¢
ndards as cited in this standard, and that involves a potential risk of electric

S in the

5 in
‘ty

bpropriately
din a

he relevant
d

PNt protection,
combination
cover devices

fied as part of
5) need not be

overed by the
shock, fire, or
ard, and shall

~shall be additionally investigated in accordance with the applicable stand

comply with items (b) — (d) of 5A.1.1.

5A.1.4 With regard to a component being additionally evaluated, reference to construction and
performance requirements in another end product standard is appropriate where that standard anticipates
normal and abnormal use conditions consistent with the application of UL 873.
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5A.1.5 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

5A.2 Attachment plugs, receptacles, connectors, and terminals

5A.2.1 Attachment plugs and receptacles shall comply with the Standard for Attachment Plugs and
Receptacles, UL 498.

5A.2.2 Quick-connect terminals, both connectors and tabs, for use with one or two 22 — 10 AWG copper
conductors, having nominal widths of 2.8, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.205, and 0.250
in), intended for internal wiring connections in appliances, or for the field termination of conductors to the

L1210

appliance, sh

Exception:
insertion-withd

5A.2.3 Single|
between elec
conductors, d
Component C
5A.2.4 Wire d
5A.2.5 Splicin]

5A.2.6 Multi-g
utilization eqy

Insulated Multi-Pole Splicing Wire Connectors, UL"2459. See 5A.2.9.

5A.2.7 Equipment wiring terminals for-tise with all alloys of copper, aluminum, or copper-

conductors, s

Copper Conduictors, UL 486E.

5A.2.8 Termi

be suitably raTed for fieldwiring.

Exception: A
if the part cq

1 1 FT S Y (el al £ ol | o Loy ol o $ T aoron: 1
I CUITIPTYy VWILTT UTC Jtarnudaru TUT LT iivdl WUiLiN o urimic o reirmrialo, UL o1 U,

ther sizes of quick-connect terminals shall be investigated with respect, to
rawal, temperature rise, and all tests shall be conducted in accordance with

and multipole connectors for use in data, signal, control and power applicati
rical equipment, and that are intended for factory assembly/to copper o
r for factory assembly to printed wiring boards, shalk comply with the
pnnectors for Data, Signal, Control and Power Applications, UL 1977.

onnectors shall comply with the Standard for Wire/Connectors, UL 486A-486

g wire connectors shall comply with the Standard for Splicing Wire Connect

ole splicing wire connectors that are_intended to facilitate the connection
ipment to the branch-circuit conduetors of buildings shall comply with thg

5A.2.6%evised February 6, 2015

nall comply with Standard for Equipment Wiring Terminals for Use with Alu

al blocks shallh.comply with the Standard for Terminal Blocks, UL 1059, and

fabricated part performing the function of a terminal block need not comply]
mplies with the requirements of Section 15, Insulating Material, Sectid

Connections,

crimp pull out,
UL 310.

bns within and

copper alloy
Standard for
B.

ors, UL 486C.

of hard-wired
Standard for

tlad aluminum
minum and/or

, if applicable,

with UL 1059
n 16, Supply

Section 17, Current-Carrying Parts, and Section 32, Spacings. Sections 21

, Low-Voltage

External Wiring Requirements, and 22, Grounding, provide additional options as exceptions.

5A.2.9 Female devices (such as receptacles 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.
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5A.2.10 Bonding devices, ground clamps, grounding and bonding bushings and locknuts, and similar
equipment, shall comply with the Standard for Grounding and Bonding Equipment, UL 467.

5A.3 Batteries

5A.3.1 A lithium ion (Li-On) single cell battery shall comply with the requirements for secondary lithium
cells in the Standard for Lithium Batteries, UL 1642. A lithium ion muiltiple cell battery, and a lithium ion
battery pack, shall comply with the applicable requirements for secondary lithium cells or battery packs in
the Standard for Household and Commercial Batteries, UL 2054.

5A.3.2 Rechargeable nickel cadmium (Ni-Cad) cells and battery packs shall comply with the applicable
construction and performance requirements of this standard.

5A.3.3 Rechirgeable nickel metal-hydride (Ni-MH) battery cells and packs shall covlnply with the
construction and performance requirements of this standard, or the applicable requirements|for secondary
cells or battery packs in the Standard for Household and Commercial Batteries, UL 2054.
5A.4 Electrical boxes and raceways

5A.4.1 Electrical boxes and the associated bushings and fittings, and raceways, of the typgs specified in
Chapter 3 of the National Electrical Code, NFPA 70 and that comply with one of the followjng standards:

a) Standard for Metallic Outlet Boxes, UL 514A,
b) Standard for Conduit, Tubing, and Cable Fittings; UL 514B,
c) Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, or
d) Standard for Cover Plates for Flush-Mounted Wiring Devices, UL 514D.
5A.5 Capacitgrs, filters and surge protective-devices
5A.5.1 Capaditors
5A.5.1.1 A capacitor located in'the line voltage circuit shall comply with the Standard for Fixed Capacitors
for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic
Interference Huppressionand Connection to the Supply Mains, UL 60384-14 or the| Standard for

Capacitors, UL 810.
5A.5.1.1 revised February 6, 2015
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5A.5.2 Filters

5A.5.2.1 Electromagnetic interference filters with integral enclosures shall comply with the Standard for
Electromagnetic Interference Filters, UL 1283.

5A.5.3 Surge

Protective Devices

5A.5.3.1 Surge Protective Devices (SPDs), including air gaps and metal oxide varistors (MOVs), shall
comply with the requirements in the Standard for Surge Protective Devices, UL 1449. Paragraphs
5A.5.3.2 through 5A.5.3.6 are applicable . Referenced ratings are per UL 1449.

Exception:

These requirements do not apply to SPDs located in a Class 2 circuit unless the circuit is

performing a
5A.5.3.2 Typs4

a) M4
worKif

b) M3

fatvi fiinaltion
alCL)’ arrcuayurit.
b 1, 2, or 3 SPDs and Type 1, 2 or 3 Component Assemblies SPDs shall;

intain a Maximum Continuous Operating Voltage (MCOV) rating-€qgual to or
g voltage of the circuit connected, and

intain the appropriate Type Rating for the application in dccordance with Ta

Table 5A.1
Type 1, 2, or 3 Ratings

greater than

ble B5A.1.

Application Type Rating
Line side of service equipment 1
Load side of sg¢rvice equipment or feeder circuit applications lor2
Branch circuit or control circuit applications lor2or3

5A.5.3.3 Typg 4 or Type 5 discrete component SPDs and Type 4 component assemblie

Maximum Co
(line-to-line) v

Exception: I
subjected to 4§
have a rating

5A.5.3.4 Typ4
accordance wj

ntinuous Operating Voltage-(MCOQOV) rating equal to or greater than the p
bltage of the system supply:

the Type 4 or 5 discrete component SPDs and Type 4 component assemb
Il the Current Tésts in accordance with UL 1449, during its investigation, th
equal to or greater than the working voltage of the circuit connected.

b 4 or 5-disCrete component SPDs and Type 4 Component Assemblies sh
th (a),\(b) or (c):

[vpe 4 discrete component SPD rated for use in Type 1 - 3 applications ma

a) A

5 shall have a
hase-to-phase

jes have been
e MCOV may

all be rated in

be used in

applications indicated in Table 5A.1, or

b) A Type 4 discrete component SPD rated for use in Type 1 - 3 applications or "other" rated
applications shall have an Operating Duty Cycle Voltage (Vp,) and Peak Current (Ap) in
accordance with Table 5A.2, based on the working voltage of the circuit connected, or

Exception: For SPDs used in other than across-the-line applications such as in a non-isolated
electronic circuit, the additional circuit impedance in series with the SPD can be considered when
determining the required SPD ratings. The A, rating of the SPD may be less than that defined
Table 5A.2 provided the A, rating is equal to or is greater than the surge current parameters
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determine by a calculation that accounts for fixed series impedance inherent in the circuit. [The
calculated A, would be equal to V), divided by the combined known impedance inherent in the
circuit plus 2 ohms, which is the anticipated source impedance].

c) A Type 5 discrete component SPD or Type 4 component assemblies shall be rated with a
Nominal Discharge Current, NDC (l,) in accordance with Table 5A.2, based on the working
voltage of the circuit connected.

Exception: For SPDs used in other than across-the-line applications such as in a non-isolated
electronic circuit, the additional circuit impedance in series with the SPD can be considered when
determining the required SPD ratings. The I,o0f the SPD may be less than that defined Table 5A.2
provided the |, rating is equal to or is greater than the surge current parameters determine by a
calculptten—that-eaccotnts—forfixed—settes—pedance—nterent—the—eireait—he calculated |,
would be equal to V,, divided by the combined known impedance inherent in, thg circuit plus 2
ohms| which is the anticipated source impedance].

Table 5A.2
Type 4 or 5 SPD Ratings
Ratings.of Type 4 or 5 SPDs
SPD Circuit
Phase-to-Ground Voltage, Vac 2 Operating DUty Cycle Peak
by Overvoltage Category P Minimum @perating Duty Current of Minimum
Cycle Peak Voltage Nominal Discharge Current,
I I 1] \Y] (KV;)(1.2 x 50 ps) ND@ (I,) A

50 - - S 0.33 165
100 50 - - 0.50 250
150 100 50 - 0.80 400
300 150 100 50 1.5 7150
600 300 150 100 2.5 1p50
- 600 300 150 4.0 2000
- - 600 300 6.0 3000

2 For ungrounddd systems or systems with one phase grounded, the phase-to-ground voltage is considered to pe the same as
the phase-to-phpse voltagedor_the purposes of using this table.

b Typical examgles of categpries for products are given below.
Category IV - Pfimary ‘Supply Circuit Level. Overhead lines and cable systems including distribution and its assciated
overcurrent protectiveseéquipment (equipment installed at the service entrance).
Category Il - Distebut Hou i g} : i
supply level, Category IV.

Category Il - Load Circuit Level. Appliances and portable equipment and the like connected to the distribution level, Category
.

Category | - Signal Circuit Level. Special equipment or parts of equipment such as low-voltage electronic logic systems, remote
controls, signaling and power limited (per NEC Article 725) circuits connected to the load level, Category Il.

o the primary

5A.5.3.5 Electronic safety controls shall, in addition to the requirements noted in 5A.5.3.2 and 5A.5.3.3,
be subjected to a subsequent transient overvoltage test sequence in the end-use equipment application
as defined by the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991,
with the SPD installed as intended. To minimize testing of the end-use equipment involving multiple
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alternate SPDs sources or types, the SPD with the highest Measured Limited Voltage rating or Voltage
Protective Rating, as applicable, shall be tested in the transient overvoltage test sequence. The highest
rated SPD can represent multiple alternate SPDs sources or types.

Exception: If the electronic safety control complies with the transient overvoltage test sequence when
tested with the SPD removed, the SPD need only comply with 5A.5.3.2 and 5A.5.3.3.

5A.5.3.6 SPDs are not permitted to be used between line / mains / non-Class 2 circuits and Class 2
circuits.

5A.6 Thermistors and thermal links

5A.6.1 A tem| ature coefficient

(NTC) thermis
the Standard

5A.6.2 A ther
and Applicatid
5A.7 Cords a

5A.7.1 A corg

Cords, UL 817.

5A.7.2 Flexib
Flexible cord
power supply

5A.8 Gasketq
5A.8.1 Gasksg
Exception: G

54, Acceleratd
requirement.

tor, that performs the same function as an operating or protective control sh

or Thermistor-Type Devices, UL 1434,

mal link (thermal cutoff) shall comply with the Standard for Thermal-Links —
n Guide, UL 60691.

5A.6.2 revised February 6, 2015
hd cables

set or power supply cord shall comply with the_Standard for Cord Sets and
4

e cords and cables shall comply with thecStandard for Flexible Cords and @
and cables are considered to fulfill this, requirement when preassembled in
cord complying with UL 817.

and seals

ts and seals shall comply with the Standard for Gaskets and Seals, UL 157.

askets and seals, and the securing adhesive, that comply with the requireme
d Aging Tests o Gaskets, Sealing Compounds, and Adhesives, are considef

all comply with

Requirements

Power Supply

ables, UL 62.
a cord set or

nts of Section
ed to fulfill this
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5A.9 Ground-fault, arc-fault, and leakage current detectors/interrupters

5A.9.1 Ground-fault circuit-interrupters (GFCI) for protection against electrical shock shall comply with the
Standard for Ground-Fault Circuit-Interrupters, UL 943, including any end-use equipment marking or
instruction manual statement requirements.

5A.9.2 Appliance-leakage-current interrupters (ALCI) for protection against electrical shock shall comply
with the Standard for Appliance-Leakage-Current Interrupters, UL 943B. An ALCI is not considered an
acceptable substitute for a GFCI when a GFCI is required by the National Electrical Code, NFPA 70.

5A.9.3 Equipment ground-fault protective devices shall comply with the Standard for Ground-Fault
Sensing and Relaying Equipment, UL 1053, and applicable requirements of the Standard for Ground-Fault
Circuit-InterruptersoH—943-

5A.9.4 Arc-fault circuit-interrupters (AFCI) shall comply with the Standard for Arc-Fault
Circuit-Interrupters, UL 1699.

5A.9.5 Leakdage-current detector-interrupters (LCDI) and any shielded cord’ between the LCDI and
appliance shall comply with Standard for Arc-Fault Circuit-Interrupters, UL 1699.

5A.10 Heaterp and heating elements

5A.10.1 Electric resistance heating elements shall comply with‘the”construction requiremepts of:

a) The Standard for Electric Heating Appliances, UL499; or
b) The Standard for Sheathed Heating Elements, UL 1030.

Exception: ating wire (e.g. rope heater) that-ecomplies with the Standard for Appliance Wiring Material,
UL 758, and the requirements of this end preduct standard are considered to fulfill this requirement.

istor-type heaters (e,g\PTC and NTC heaters) shall comply with the| Standard for
Thermistor-Type Devices, UL 1434.

5A.11 Insulation systems

5A.11.1 Matefials used in an insulation system that operates above Class 105 (A) temperatures shall
comply with the Standard-for Systems of Insulating Materials — General, UL 1446.

5A.11.2 All insulation systems employing integral ground insulation shall comply with thg requirements
specified in the'Standard for Systems of Insulating Materials — General, UL 1446.
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5A.12 Light sources and associated components

5A.12.1 Lampholders and indicating lamps shall comply with the Standard for Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies with the applicable luminaire standard
are considered to comply with this requirement.

5A.12.2 Lighting ballasts shall comply with:

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

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

Exception No
are considere

Exception No

5A.12.3 Light
(LED) Equipm

Exception No.
standard are

Exception Ng
indicating pur,
Lighting Prod
standard.

5A.13 Markin

5A.13.1 A m4
UL 969, unde

Exception: A
this standard

1: Ballasts forming part of a luminaire that complies with the applicable [umy
i to comply with this requirement.

2: Ballasts for other light sources shall comply with the applicable_standard

emitting diode (LED) light sources shall comply with the Standard for Light |
ent for Use in Lighting Products, UL 8750.

1: LED light sources forming part of a luminaire that'complies with the applid
ronsidered to comply with this requirement.

. 2: Individual LED light sources mounted“on printed wiring boards and

poses need not comply with Standard fordight Emitting Diode (LED) Equipn
Licts, UL 8750, but shall comply with, the applicable requirements of this

5A.12.3 revised February 6, 2015
j and labeling systems

rking and labeling system shall comply with Standard for Marking and Labg
the specified environmental conditions.

marking or labeling system that complies with Section 60, Permanence of M|
s considered\to fulfill the requirement.

naire standard

s).

Fmitting Diode

able luminaire

intended for
ent for Use in
5 end product

p

ling Systems,

arking Test, of
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5A.14 Overcurrent protection

5A.14.1 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements,
UL 248-1, and the applicable Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another appropriate standard for the fuse are considered to comply with this requirement.

5A.14.2 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489.

Exception: Circuit breakers used in telecommunications circuitry that comply with the Standard for Circuit
Breakers For Use in Communications Equipment, UL 489A, need not comply with UL 489.

5A.14.3 Circyt v y ection against
electrical shogk shall additionally comply with the Standard for Ground-Fault Circuit-Interfupters, UL 943.

5A.14.4 Supplementary protectors shall comply with the Standard for Supplementary Protectors for Use
in Electrical Eguipment, UL 1077.

5A.14.5 Fusing resistors shall comply with the Standard for Fusing Resistors and Tempgrature-Limited
Resistors for Radio- and Television-Type Appliances, UL 1412.

5A.15 Power |supplies

5A.15.1 A Class 2 power supply shall comply with one of the fellowing:
a) The Standard for Class 2 Power Units, UL 13%0;
b) The Standard for Information Technology*Equipment — Safety — Part 1: Generd|l
Requirements, UL 60950-1, with an output marked “Class 2”, or that complies with the limited
powel source (LPS) requirements and.is marked “LPS”; or
c) The requirements in Section“36, Class 2 Power Sources and Circuits, and Secfion 68, Class

2 Power Sources and Circuits;-and applicable Class 2 power source and circuit tegts in Section
63, Class 2 Power Sources.and Circuit Tests.

5A.15.1 revised February 6, 2015
5A.15.2 A nop-Class 2 pewer supply shall comply with one of the following:

a) The Standard for Power Units Other Than Class 2, UL 1012; or

b) The“'Standard for Information Technology Equipment — Safety — Part 1: Generd|l
Requirements, UL 60950-1.

5A.15.2 revised February 6, 2015
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5A.16 Printed wiring boards

5A.16.1 Printed wiring boards, including the coatings, shall comply with the Standard for Printed-Wiring
Boards, UL 796.

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

coming in contact with parts of other circuits of the control or of the end-use product.

5A.17 Power

comply with
dielectric voltg
47 of this stan

5A.17.2 Ano
or between o

switching semiconductors, optical isolators, and electronic components

he Standard of Safety for Electrically Isolated Semiconductor Devicesy
ge withstand tests required by UL 1557 shall be conducted applying théycrit
dard.

btical isolator that is relied upon to provide isolation between primary and sec
her circuits as required by this end product standard shall*Comply with the

Safety for Optical Isolators, UL 1577. The dielectric voltage withstand tésts required by UL

conducted ap

5A.17.3 Whe
for Safety-Rel
appropriate to|

5A.17.4 A cri
functions who
in the end pro

5A.17.5 A cri
accordance

Safety-Relatd
techniques su

plying the criteria of Section 47 of this standard.

e an electronic component is determined to be a €ritical component, the Stan
hted Controls Employing Solid-State Devices, UL+991, including environment
the intended usage of the end-product and_its follow-up program, shall be a

fical component is a component that_performs one or more safety-related
e failure results in a condition such¢as the risk of fire, electric shock, or inju
duct application.

ical component may also bg'identified using a failure-mode and effect analy
vith the Failure-Mode~and Effect Analysis (FMEA) of the Standard

d Controls Employing“Solid-State Devices, UL 991. Other equivalent
ch as FMEDA or ETA.may be used.

5A.17.6 Electronic safety/protective (limiting) type controls shall comply with the requir
ests for Safety-Related Controls Employing Solid-State Devices, UL 991. Spme examples
of electronic $afety/protective type controls which include protective functions are temps
controls, safgty confrols, water heater controls, refrigeration motor-compresor variablg
controls providling. protective/safety functions, etc.

Standard for

p ground shall
JL 1557. The
bria of Section

bndary circuits
Standard for
1577 shall be

dard for Tests
al stress tests
pplied.

or protective

ry to persons,

sis (FMEA) in
for Tests for
failure mode

bments in the

rature limiting
speed drive

Exception:

Controls complying with Annex H requirements in the Standard for Automatic Electrical

Controls for Household and Similar Use; Part 1: General Requirements, UL 60730-1 are considered to be
in compliance withUL 991 requirements.

5A.17.7 The test levels for the required environmental stress tests of UL 991, Sections 11 through 22,
shall be as specified in the end-use equipment standard. When the end-use standard does not specify the
test levels, the following identified test levels shall apply for the referenced tests:

a) Power supply voltage dips and short interruption — Per Section 11, UL 991;

b) Transient overvoltage — Per Table 12.2, UL 991,
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c) Vol

tage (Ramp) variation - Per Table 13.1, UL 991;

d) Electromagnetic susceptibility —

1) Conducted Disturbances — Test Level 3,

2) Radiated Disturbances — Field Strength 3 V/m ;

e) Electrostatic discharge — Per Section 15, UL 991;

f) Composite operational and cycling test — Per Section 16, UL 991;

g) Teptforeffects-of-shippingand-storage—FPerSeetion++B+99+:

h) Humidity — Per Table 19.1, UL 991;

i) Dust — Per Section 20, UL 991. Applicable only for protective controlS with an o
elemdnt, the obscuring of which would result in a loss of protective function;

j) Vibration — Class C;

k) Jafring - Per Section 22, UL 991.

5A.17.8 The
overvoltage al

5A.17.9 The
overall control

all critical conpponents. The end-use equipment-standard shall specify the overall control

rate, Ap. and t
does not spec
If the end-use
Test, the test

5A.17.10 Wh
specified in th
multiplier for
end-use equig
factor for ind
continuous er

composite operational and cycling test repfesents the thermal cycling
nd undervoltage test in UL 991.

computational investigation of critical components in UL 991 is conducted to
system failure rate, A, of the control;system by appropriately combining the

e time and test ambient tempefature for the Operational Test. When the eng
fy a control system failure rate; A, shall be 0 failures/10° hours for the entire g

shall be conducted for, 14“days at the ambient temperature specified in UL 9

bn there are critical components identified in the control system and the fail
b end-use standard, the demonstrated test method in UL 991 is required to b
he test aceeleration factor for nonindustrial applications is to be 576.30 f
ment, or.5763.00 for continuous end-use equipment. The multiplier for the te
strial \applications is to be 869.80 for intermittent end-use equipment, 0
d-use~equipment. The test acceleration factor equation is to be based o
bd.ambient.

equipment rat|

btical

test and the

determine the
failure rates of
system failure
-use standard
ontrol system.

standard does not specify~aperiod of time and test ambient temperature for the Operational

01.

Lre rate is not
e applied. The
or intermittent
5t acceleration
r 9698.00 for
W the end-use
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5A.18 Supple

mental insulation, insulating bushings, and assembly aids

5A.18.1 The requirements for supplemental insulation (e.g. tape, sleeving or tubing) shall comply with the

following:

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

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

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

5A.18.2 Wire

a9

of Circuits. A
comply with tH

5A.18.3 Insul
considered to

Relief Test) shall be performed, as required, to confirm the combination of‘the insulating by

supporting pa

5A.19 Transf¢rmers

5A.19.1 Gene
Part 1: Gene

General Purppse Transformers, UL 5085-2.

Exception: A
Section 64,

requirement.

5A.19.2 Clas
— Part 1: Gen
Class 2 and Q

Exception: A
requirements
and Circuits, é
and Circuit Te

HUO;t;UII;IIU dCV;\;CO oha” \,umply vv;th SUbt;UI 1o 15, :IIOU:C‘I;IIU MatC|;a:o, arl
fdevice that complies with the Standard for Positioning Devices, UL 1565,s
is requirement.

U

hting bushings that comply with 5A.1 and the Standard for Insulating-Bushing
comply with the requirements of this Standard. Tests specified ithis standd

ts are suitable.

ral-purpose transformers shall comply with thexStandard for Low Voltage T
al Requirements, UL 5085-1; and the Standard for Low Voltage Transforn

transformer that meets the applicable construction and performance re|
solated-Limited Secondary and-~Non-Class 2 Circuit Tests, meets the

5A A9.1 revised February 6, 2015

2 and Class 3 transformers shall comply with the Standard for Low Voltage
lass 3 Transformers, UL 5085-3.

Class 2 and\Class 3 transformer that meets the applicable construction an

Of Sectipn36, Class 2 Power Sources and Circuits, and Section 68, Class 2 R

nd appliecable Class 2 power source and circuit tests in Section 63, Class 2 R
Sts:

5, Separation
considered to

D

5, UL 635, are
rd (e.g. Strain
shing and the

ransformers —
hers — Part 2:

quirements of
intent of this

Transformers

eral Requirements, UL 5085-1; and the Standard for Low Voltage Transformers — Part 3:

il performance
fower Sources
fower Sources

5A.19.2 revised February 6, 2015
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5A.20 Valves (electrically operated) and solenoids

5A.20.1 Electrically operated valves shall comply with the:
a) Standard for Electrically Operated Valves, UL 429; or
b) Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household
and Similar Use, Part 2: Particular Requirements for Electrically Operated Water Valves,

Including Mechanical Requirements, UL 60730-2-8.

5A.20.2 Solenoids shall comply with the applicable construction and performance requirements of this
standard.

6 General

maximum sedondary potential of more than 30 volts or a maximum secondary output more than that
specified for @ standard Class 2 transformer under any service conditiomor load shall be investigated
under conditigns of intended service to determine whether it is acceptable for the intended| application.

6.1 A temper{ture-indicating or -regulating device or system that falls within the\seope of 1.11, but has a

6.2 deleted January 6, 2012.
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7 Frame and Enclosure
7.1 General

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

7.2 Accessibility of live parts

7.2.1 Electrical parts of a device, other than a supply cord or low-voltage terminals, shall be located or
enCIOsed tO r dubc thC IIO:\ Uf UII;IItUIIt;UIIa: CUI |ta\.,t vv;th art UII;IIOU:C{th :IVU pout. I"\\ddltlul a.”y, E|eCtrlcaI
parts shall be|located or enclosed so that protection against unintentional contact or shorting of live parts
that could regult in a malfunction of the controlled equipment is provided. For the\purpose of these
requirements, |[film-coated wire is considered to be an uninsulated live part.

Exception: An enclosure is not required for a device intended for assembly as)part of angther device.

7.2.2 An operljing in an enclosure of a control is acceptable if an accessihility probe as illustfated in Figure
7.1, when insgrted into the opening, cannot be made to touch any part that involves a risk of|electric shock
to the end-usgr or service personnel. However, in no case shall4he opening be large engugh to permit
the entrance ¢f a 1 inch (25.4 mm) diameter rod.
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Figure 7.1
Accessibility probe
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7.2.3 The accessibility probe shall be articulated into any configuration and shall be rotated or angled to
any position before, during, or after insertion into the opening, and the penetration shall be to any depth
allowed by the opening size, including minimal depth combined with maximum articulation.

7.2.4 If any part of the enclosure must be opened or removed as part of normal operation, regular
adjustment, or regular or required maintenance (set point adjustment, timer or time of day clock
adjustment, battery replacement, and the like) with or without the use of tools, or can be opened or

removed without the use of tools, the accessibility probe is to be applied without the part in place.

7.3 Covers

7.3.1 An enclosure and a part of an enclosure such as a door, cover, or tank, shall be provided with
means for firnpy-seettingttrptace:

7.3.2 Sheet-metal screws threading directly into metal shall not be used to attach a.coyer,

part removed
sheet-metal n
self-tapping m

to install field wiring or for operation of the equipment. Sheet-metal screws nj
Iits that are permanently mounted and protected against corrosion;'and machi
achine screws may thread directly into sheet-metal walls. See 19:12.

7.3.3 Sheet-npetal screws mounting internal components that are not removed for installatig

may thread di

7.3.4 An enc
overload-protd
cover in conn

7.3.5 A door
shut closely g
edges, or hav|
walls of the K

rectly into metal.

osure cover shall be hinged if it gives access<to fuses, thermal cutouts,
ctive device, the functioning of which requiresirenewal, or if it is necessal
pction with intended operation of the device.

pr cover giving access to a fuse or thermal cutout in other than a low-volta
gainst a 1/4-inch rabbet or the equivalent, have turned flanges for the full
e angle strips fastened to it. Flanges or angle strips shall fit closely with the
ox proper and shall overlap the) edges of the box not less than 1/2 inch

construction that affords equivalent protection or a combination of flange and rabbet is acg

7.3.6 A strip U

sed to provide a rabbet'and an angle strip fastened to the edges of a door sh

at not less than two points, not more than 1-1/2 inches (38.1 mm) from each end of eaq

points betwee

7.3.7 A hinge
tool to hold it

Exception: A

h these end fastenings not more than 6 inches (152 mm) apart.

d cover shall\not depend solely upon screws or other similar means requirin
Closed, butshall be provided with a spring latch or catch.

cover that is hinged but is not required to be hinged for holding the cove

door, or other
ay thread into
he screws and

n or operation

or any other
y to open the

je circuit shall
length of four
outside of the
(2.7 mm). A
eptable.

all be secured
h strip and at

g the use of a

r may be held

closed by a ¢

asp) a sliding latch, or other means.

7.3.8 A snap-on cover that gives access to bare live parts and that does not require a tool for removal
shall withstand the tests described in Snap-On Covers Test, Section 58.

7.3.9 The continuity of a bonding means for a snap-on or fastener-attached cover shall comply with the
requirements in Bonding of Internal Parts, Section 22.
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7.4 Transformers

7.4.1 A transformer shall be housed within its own enclosure, within the main enclosure of
temperature-indicating and -regulating equipment, or within a combination of the two.

7.4.2 A sheet-steel transformer enclosure shall have a thickness of not less than 0.026 inch (0.66 mm) if
uncoated and not less than 0.029 inch (0.74 mm) if galvanized.

Exception: Sheet steel having a thickness of not less than 0.020 inch (0.51 mm) if uncoated and not less
than 0.023 inch (0.58 mm) if galvanized may be used for a drawn end bell having maximum dimensions
of 2-1/4 inches (57.2 mm) on the flat portion and 1-1/2 inches (38.1 mm) at the base of the drawn portion.

7.4.3 A Ca.St IICta: tIQIIOfUIIIICI CIIb:UOUIC oha” bUIIIrJ:_y VV;th thU Ich;ICIIICIItO ;II 7.5.1. A transformer
enclosure of qther material shall have strength and rigidity, and otherwise be rated for th&|purpose.

7.5 Cast metal

7.5.1 A cast-netal enclosure shall be at least 1/8 inch (3.2 mm) thick at every_point, morg than 1/8 inch
thick at reinfofcing ribs and door edges, and not less than 1/4 inch (6.4 mm) thick at tapped holes for
conduit.

Exception: Qther than at plain or threaded conduit holes, die-cast\metal may be:

a) Nat less than 3/32 inch (2.4 mm) thick for an area greater than 24 square inches (154.8
cm?) or having dimensions more than 6 inches (152°mm).

b) Ngt less than 1/16 inch (1.6 mm) thick for.an area of 24 square inches or less gnd having no
dimernsions more than 6 inches. The areacdimitation may be obtained by the provigion of
reinfofcing ribs subdividing a larger area:

c) Ndt less than 0.035 inch (0.89-mm) thick if the enclosure will not be used as a |splice box
and ifithe voltage rating of the-complete device is such that the voltage between any two
condyctors is 250 volts or less;’and is limited to direct current or single-phase alternating
current.

d) Ndt less than 0.028 inch (0.71 mm) thick if the enclosure houses only low-voltdge circuits.
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7.6 Sheet me

tal

7.6.1 Other than at points where a wiring system is to be connected, the thickness of a sheet-metal

enclosure shall not be less than that specified in Tables 7.1 and 7.2.

Exception: A room thermostat shall be as specified in 7.9.3.

7.6.2 At points at which a wiring system is to be connected, uncoated steel shall not be less than 0.032
inch (0.81 mm) thick, zinc-coated steel shall not be less than 0.034 inch (0.86 mm) thick, and nonferrous
metal shall not be less than 0.045 inch (1.14 mm) thick.

7.6.3 Tables 7.1 and 7.2 are based on a uniform deflection of the enclosure surface for a given load

concentrated

7.6.4 With re
folded rigid s
dimensions a
moments thal
considered to

+ bl + £ 4l £ ol £ tal ool
CUIC LUTICT UT UITC oUTTaLT TTYyATUIT OO UT TTTTAl tTITURNNC oo,

erence to Tables 7.1 and 7.2, a supporting frame is a structure of angle o
pction of sheet metal that is rigidly attached to and has essentially’ the
5 the enclosure surface, and that has sufficient torsional rigidity~to resis|
may be applied via the enclosure surface when it is deflected. Constijuction that is
have equivalent reinforcing may be accomplished by designs\that will prody

that is as rigifl as one built with a frame of angles or channels. Construction considered

supporting fra|
a) Sit
b) A

c) An

me includes:

gle sheet with single formed flanges — formed edges,

Eingle sheet that is corrugated or ribbed,

Table 7.1
Minimpum thickness of sheet metal fef.enclosures— carbon steel or stainless steel

enclosure surface loosely attached to_a frame, for example, with spring clips.

channel or a
same outside
t the bending

ce a structure
to be without

Without qupporting frame 2 With supporting frame or equivalent Minimum thickness, ipch (mm)
reinforcing 2
Maximum width ?, | Maximum length. 8} "Maximum width °, | Maximum length,
Inches (cnp) Inches (em) Inches (cm) nches (cm) Uncoated Metgl coated
4.0 (1012) Not limited 6.25 (15.9) Not limited 0.020d (0.51) 0.923d (0.58)
4.75 (12)1) 5.78 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15}2) Nbot limited 9.5 (24.1) Not limited 0.0264 (0.66) 0.9294 (0.74)
7.0 (1718) 8.75 (22.2) 10.0 (25.4) 125 (31.8)
8.0 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22.9) 115 29.2) 130 330) 16.0 (40.6)
125 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Without supporting frame 2

With supporting frame or equivalent
reinforcing 2

Maximum width P,

Maximum length €,

Maximum width P,

Maximum length,

Minimum thickness, inch (mm)

Inches (cm) Inches (cm) Inches (cm) nches (cm) Uncoated Metal coated
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (A72.7) 84.0 (213.4)

52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) a0 0 (228 R) 1030 (261 6) 1270 (322 /)
a8 See 7.6.4.
b The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent spirfaces of an
enclosure may have supports in common and be made of a single sheet.
¢ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) and fastened to adjadent surfaces
not normally refhoved in use.
d Sheet steel fof an enclosure intended for outdoor use — raintight or rainproof — shall not bé\less than 0.034 ingh (0.86 mm)
thick if zinc coafed, and not less than 0.032 inch (0.81 mm) thick if uncoated.
Table 7.2
Minimum gcceptable thickness of sheet metal for enclosures~>aluminum, copper, or bijass
ithout supporting frame 2 With supportingframe or equivalent reinforcing 2l Minimum
. ) ) ) . . thickness
Maximun| width b, Maximum length ¢, Maximnr width P, Maximum length, inch (mm)
Inches (cm) Inches (cm) Inches (cm) Inches (cm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.0234
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029
5.0 (12.7) 6.0 (152) 105 (26.7) 135 (34.3) (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91)
8.0 (20.3) Net-limited 19.0 (48.3) Not limited 0.045
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075
20.0 (50:8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (6375) Not limited 60.0 (152.4) Not limited 0.095
29.0 37 26-0 (914 840 (162.6) 780 (198-1) (2.41)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
a See 7.6.4.
b The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces
of an enclosure may have supports in common and be made of a single sheet.
¢ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) and fastened to adjacent
surfaces not normally removed in use.
d Sheet copper, brass, or aluminum for an enclosure intended for outdoor use — raintight or rainproof — shall not be less
than 0.029 inch (0.74 mm) thick.
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7.7 Polymeric

7.7.1 A polymeric enclosure or enclosure part shall have mechanical strength and durability and be
formed so that operating parts will be protected against damage, and shall resist the abuses likely to be
encountered during installation and intended use and service.

7.7.2 An enclosure or enclosure part shall protect persons against a risk of electric shock. The enclosure
material shall not create or contribute to a risk of fire, electric shock, or injury to persons.

7.7.3 Among the factors that are to be taken into consideration when investigating the acceptability of a
polymeric enclosure are:

a) Mgchanical strength;

b) Rdgsistance to impact;

c) Mdisture absorption;

d) Rgsistance to combustion and to ignition from electrical soutces;

e) Diglectric properties, insulation resistance, and resistancé to arc tracking; and

f) Re
under

bistance to distortion and creeping at temperatures to which the material may
conditions of normal or abnormal use.

be subjected

7.7.4 A mate
acceptable le

rial shall not display a loss of the properties specified in 7.7.3 beyond |the minimum

el as a result of aging.

7.7.5 The tesis for determining compliance of @polymeric enclosure used with equipment g
standard are glescribed in Polymeric Materials Tests, Section 62.

overed by this

Exception: T
Polymeric Ma

7.7.6 The pol
in service and
by the temper

7.7.7 If contir
dimensional s

he cover of a wall-motmted room thermostat need not comply with the rg

ymeric enclosureymaterial shall be rated for the normal operating temperatur
have a temperature rating at least equal to the normal operating temperature
ature testidescribed in Temperature Test, Section 40.

uity of a grounding system relies on dimensional integrity of a nonmetallig
ability of the material shall be considered in addition to the factors mentione

ferials Tests, Section\62, but will be subjected to an appropriate investigation.

quirements in

P encountered
As determined

material, the
din 7.7.3.

7.7.8 A part, such as a dial or nameplate, that is a part of an enclosure shall be metal or other material
as specified for the enclosure in 7.5.1 — 7.7.6.

7.7.9 A nonmetallic part such as a reset knob, lever, or button that protrudes through a hole in the
enclosure that is not larger than the area of a 7/8-inch (22.2-mm) diameter circle shall be made of a
material classified as V-0, V-1, or V-2 in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94.
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7.7.10 A nonmetallic part that protrudes through a hole larger than the area of a 7/8-inch (22.2-mm)
diameter circle shall be made of a material that complies with the requirements in 7.7.1, 7.7.2, and 7.7.8.

See 7.10.5.

7.7.11 A nonmetallic cover that gives access to bare live parts shall comply with the requirements in 7.3.8

and Snap-On

Covers Test, Section 58 and there shall be no exposure of live parts.

7.7.12 A cover attached by screws shall comply with the requirements in 7.3.8 with the screws tightened,
and with the screws loosened one full turn.

7.8 Windows

7.8.1 Glass cf
displaced in s

7.8.2 Glass f(q
inch (1.6 mm
area and havi
thick. Glass th
following:

a) Th
the pe

r an opening not more than 4 inches (102 mm) in any dimension shall not be
thick, and glass for a larger opening, but not more than 144 square inche
ng no dimension greater than 12 inches (305 mm), shall not be léss than 1/8
at covers a larger area shall not be less than 1/8 inch thick and’shall conforn

e glass shall be of a nonshattering or tempered type that, when broken, sha
rformance specifications in the Safety Performanee Specifications and Meth

for Sgfety Glazing Material Used in Buildings, ANS| 297.1-1984; or

b) Sh
pound
dropp

7.8.3 A trans
shall be inves
the purpose.

7.9 Room thdg

7.9.1 A room

all withstand a 2-1/2 foot-pound (2.41 J)impact from a 2-inch (50.8-mm) dia
(535 g) steel sphere without cracking or breaking to the extent that a piece

d from its intended position.

parent material other than glass\.employed as a covering over an opening i
igated to determine if it has‘adequate mechanical strength and is otherwise

rmostats

thermostat intended for assembly on a flush-mounted box shall be provided

sheet steel ngt less than.0:053 inch (1.35 mm) thick — 0.056 inch (1.42 mm) if zinc cog

cast-metal bo

Exception: A

not lessithan 1/8 inch (3.2 mm) thick.

roaemthermostat need not be furnished with a box if means for mounting

outlet box — nj

not be readily

less than 1/16
5 (929 cm?) in
inch (3.2 mm)
h to one of the

| conform to
bds of Test

meter, 1.18
is released or

an enclosure
acceptable for
with a box of

ted; or with a

on a standard

inhimum inside width 1-13/16 inches (56.0 mm), minimum inside length 2-27/3

2 inches (72.2

mm) is provided and if, when so mounted on the intended box and when the full displacements and
tolerances permitted by the mounting means are considered, at least the minimum required spacings are

provided.

7.9.2 Zinc-base die-cast metal shall not be used for a flush box.
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7.9.3 A residential room-thermostat cover having no dimension greater than 6 inches (152 mm) and
having no surface greater than 18 square inches (116.1 cm?2) may be not less than 0.020 inch (0.51 mm)
thick uncoated steel, 0.023 inch (0.58 mm) zinc-coated steel, 0.023 inch nonferrous metal, or 0.035 inch
(0.89 mm) die-cast metal.

Exception No. 1: A 0.016-inch (0.41-mm) thick uncoated steel, 0.019-inch (0.48-mm) zinc-coated steel,
0.018-inch (0.46-mm) nonferrous metal, or 0.032-inch (0.81-mm) die-cast metal may be employed if there
are no live parts exposed when the thermostat cover is removed.

Exception No. 2: The thickness of a cover that is decorative only is not specified; the mounting plate and
mechanism shall comply with the enclosure requirements with the cover removed.

7.9.4 The en( :UOUIC Uf A TUUITTIT thculluotat IO tU bC fUIIIICCII U that Ito ohapc Al Id ICAario Uf onport prOVlde
adequate meghanical strength.
7.10 Openings
7.10.1 An opgning shall not be provided in an enclosure that houses a fusetor any portijon of a circuit
breaker other[than the operating handle, unless the construction affords “centainment of [electrical fault
disturbances ¢quivalent to that provided by an enclosure complying with‘th€ requirements in 7.3.5 - 7.3.7.
7.10.2 The fo|lowing requirements apply to openings other than those provided in the enclosure of a room
thermostat:
a) Anl opening shall not be provided in a compartment or part of an enclosure that contains
field-wiring splices in a line-voltage circuit.
b) Nd openings shall be located in the maunting surface of an enclosure.
Excefjtion: The following openings miady be located in the mounting surface of an|enclosure:
1) A mounting opening;
2) A maximum aof\four openings provided for the escape of air or paint duting a painting
process. The maximum dimension of such an opening shall not exceed 1/8 inch (3.2
mm); or
3) A maximum of four unused holes provided for mounting of internal conjponents. The
maximum dimension of such an opening shall not exceed 3/16 inch (4.8 mim).
c) If the.bottom surface is not the mounting surface, an opening may be provided|in the bottom

surface of an enclosure if the opening does not permit materials to fall directly out from the
interior of the unit. See Figure 7.2 for an example of a construction that may be used.

d) The shortest distance between an opening and the bottom of an enclosure or a wall-
mounting surface shall be at least one-quarter of the enclosure height or depth, respectively, or
1 inch (25.4 mm), whichever is less.

e) There shall be no emission of flame or molten material, or manifestation of risk of fire, during
normal or abnormal tests on the control, such as transformer burnout and burnout of a relay or
solenoid with blocked armature.
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f) Unless the construction of a device provided with forced ventilation is such that there is no
direct path between live parts and the outlet opening, burnout tests in addition to those

mentioned in (e) shall be conducted to determine that there is no emission of flame or molten
material through that opening.

g) Air from an opening, either forced or otherwise, shall not be directed into a duct or into a
concealed space in a building, against the mounting surface, and so that a disturbance would
be propagated to other equipment.

h) No more than four holes for mounting an enclosure having a maximum dimension of 18
inches (457 mm); six holes for an enclosure with a maximum dimension of more than 18
inches, but less than 48 inches (1.2 m); eight holes for an enclosure with a maximum dimension

dimension

f48 H ™ [l £+l 1 £ '™ 1 AN H
0 HMUTIC o UT TTTUTT . T UUT UT TG TTUTTC O TUT TTTUUTTUTTY Al TTTCTUSUTT VVILTT U THTAATTTTUT

nches (305 mm) may be keyhole slots having the configuration illustratedvin

of 12
The d
moun
and W

mensions shown in Figure 7.3 may vary if the area is equivalent. Four(of the
ing a larger enclosure may be keyhole slots, the dimensions of which fare ng

hich shall be investigated with regard to the enclosure dimensionS and confi

Figure 7.2
Bottom surface openings of enclosutés

2X:BUT NEVER LESS

4_/THAN 17(25.4mm)

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF DEVICE)

Figure 7.3.
b holes for
t specified,
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Figure 7.3
Keyhole slot
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(6.0mm)
MAX.

dh

7.10.3 A roor]
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7.10.4 An op
expanded me
a value of 30(

Exception No
inches (63.5
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Exception No
protection, the

49/64"
(19.4H|n|)
MAX.
|
— 25/64" —
(9.9mm)
MAX.
E£EC600

h thermostat rated more than 300 volts; with the outer cover on or removed
ements in 7.2.2.

bning, such as a perforated hole, a louver, or an opening protected by w
al, or a perforated cover, inthe enclosure of a room thermostat the rating of
volts or less shall not permit passage of a 17/64-inch (6.7-mm) diameter ro

1: If the distanceSbetween an uninsulated live part and the edge of an op
nm) or more, the-epening may permit passage of a 17/64-inch diameter ro
e of a 33/64sinch (13.1-mm) diameter rod.

2: If other means, such as an internal barrier or arrangement of parts provi
maximum size of an individual opening in an enclosure is not specified.

, shall comply

ire screening,
wvhich includes
.

ening is 2-1/2
i but shall not

les equivalent

hallay A afan Aananin nelaciiva aronind A Aial AdL o)

7.10.5 The s

inn wandth

h

handle, pointer, or the like

na F= a
L oo opTTiTTYg L

all not be more than 1/8

TOTCT O e ot vvTorer T T TTCTOSTUTC T ot oo ot oot

inch (3.2 mm) for any setting or posit

knob, or other members.

g knob, lever,
ion of the dial,

7.10.6 A plate or plug for an unused conduit opening or other hole in an enclosure shall have a thickness
not less than 0.014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole having
a 1/4-inch (6.4-mm) maximum dimension and 0.027-inch (0.69-mm) steel or 0.032-inch (0.81-mm)
nonferrous metal for a hole having a 1-3/8-inch (34.9-mm) maximum dimension. A closure for a larger
hole shall have a thickness equal to that required for the enclosure of the device or a standard knockout
seal shall be used. Such a plate or plug shall be securely mounted.
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7.11 Screens and expanded metal

7.11.1 The wires of a screen shall not be less than 16 AWG for screen openings 1/2 square inch (3.2
cm?) or less in area, and shall not be less than 12 AWG for larger screen openings.

7.11.2 Perforated sheet steel, and sheet steel employed for expanded metal mesh, shall not be less than
0.042 inch (106.7 mm) thick — 0.045 inch (114.3 mm) if zinc coated — for mesh openings or perforations
1/2 square inch (3.2 cm?) or less in area and shall not be less than 0.080 inch (203.2 mm) thick — 0.084
inch (213.3 mm) if zinc coated — for larger openings.

Exception: Expanded metal mesh that complies with the requirements in 7.11.3 may be used.

7.11.3 In a g Ve Wy the clearance
between uninpulated, movable, current-carrying parts and grounded metal, so as to“adversely affect
performance |or reduce spacings below the minimum acceptable values specified ip Table 33.1,
0.020-inch (0.p1-mm) expanded metal mesh — 0.023-inch (0.58-mm) if zinc coated + may|be employed,
provided the gxposed mesh on any one side or surface of the device so protected has an arga of not more
than 72 square inches (464.5 cm?) and has no dimension greater than 12 inches (305 mm) or the width
of an opening|so protected is not greater than 3-1/2 inches (88.9 mm).

7.12 Wiring openings

7.12.1 If threads for the connection of conduit are tapped all théway through a hole in an g@nclosure wall,
or if an equiv@lent construction is used, there shall be no less-than three threads in the inetal, and the
construction gf the control shall be such that a conduit bushinig can be attached as intended.

7.12.2 If threads for the connection of conduit are not tapped all the way through a hole ir} an enclosure
wall, conduit Qub, or the like, there shall not be less than 3-1/2 threads in the metal and ttHere shall be a
smooth, rounded inlet hole for the conductors that'affords protection to the conductors eqyivalent to that
provided by alstandard conduit bushing and that has an internal diameter approximately thg¢ same as that
of the corresppnding trade size of rigid cohduit.

7.12.3 In an gnclosure threaded for support by rigid conduit at least five full threads shall Qe provided for
engaging the ponduit.

7.12.4 A congluit hub or nipple attached to the enclosure of a pressure switch or similar|equipment by
swaging, staking, or similat\means shall withstand, without pulling apart, a direct pull of 200 pounds (890
N), a bending|moment.ef-600 pound-inches (67.8 N-m), and a torque of 600 pound-inches, each applied
in turn for 5 ninutes:

7.12.5 For thé¢“pullout test, the equipment is to be supported by a rigid conduit in the int¢gnded manner
and is to support a weight of 200 pounds (90.8 kg).

7.12.6 For the bending and torsion tests, the equipment is to be rigidly supported by means other than
the conduit fittings.
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7.12.7 In the bending test, the force is to be applied to the conduit at right angles to its axis, and the lever
arm is to be measured from the wall of the enclosure in which the hub or stud is located to the point of
application of the bending force.

7.12.8 In the torsion test, the force is to be applied to the conduit in a direction tending to tighten the
connection, and the lever arm is to be measured from the center of the conduit.

7.12.9 With reference to 7.12.5 — 7.12.8, some distortion of the enclosure under test may result. The test
may be discontinued when noticeable distortion occurs.

7.12.10 Clamps and fasteners for the attachment of conduit, electrical metallic tubing, armored cable,
nonmetallic flexible tubing, nonmetallic-sheathed cable, service cable, and the like that are supplied as a

part Of a.n en( :\JOUIC oha” \,ump:y thh thc Icqu;IUIIICIItO ;II thU Stou Idald fUI C\Jlldult, Tubl g, and Cable
Fittings, UL 514B.
7.12.11 A kngckout in a sheet-metal enclosure shall be reliably secured but shall be capable of being

removed withput undue deformation of the enclosure.

7.12.12 A kn
conduit bushi
during install
required by th

7.12.13 For gn enclosure not provided with conduit openings.or knockouts, spacings not

minimum reqy

installed at afy location likely to be used during instatlation. Permanent marking on th¢

template, or a

7.12.14 In me
referred to in
is in place, an

A

pckout shall be provided with a flat surrounding surface adéequate for propg
g, and shall be located so that installation of a bushing at any knockout lik
ion will not result in a spacing between uninsulated live pafts and the bushing
s standard.

ired in this standard shall be provided between.Uninsulated live parts and a ¢
full-scale drawing provided with the device may be used to limit such a loca
y.12.12 and 7.12.13, it is to besassumed that a bushing having the dimensior

d that a single locknut is installed on the outside of the enclosure.

Table 7.3
Dimensions of bushings

r seating of a
bly to be used
less than that

less than the
bnduit bushing
enclosure, a
tion.

asuring a spacing between an uniasulated live part and a bushing installed i the knockout

s in Table 7.3

Trade size of cpnduit, Overall diameter, Height,
inches ) .
inches (mm) inches (mm)
1/2 1 (25.4) 3/8 (9.5)
3/4 1-15/64 (31.4) 27/64 (10.7)
1 1-19/32 (40.5) 33/64 (13.1)
1-1/4 1-15/16 (49.2) 9/16 (14.3)
1-1/2 2-13/64 (56.0) 19/32 (15.1)
2 2-45/64 (68.7) 5/8 (15.9)
2-1/2 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (98.4) 13/16 (20.6)
3-1/2 4-7/16 (112.7) 15/16 (23.8)
4 4-31/32 (126.2) 1 (25.4)
4-1/2 5-35/64 (140.9) 1-1/16 (27.0)
5 6-7/32 (158.0) 1-3/16 (30.2)
6 7-7132 (183.4) 1-1/4 (31.8)
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7.12.15 No wire other than wires leading to a part mounted on a door or cover shall be brought out
through the door or cover.

7.13 Raintight and rainproof enclosures

7.13.1 When

subjected to the Rain Test, Section 56, an enclosure designated as:

a) Raintight shall restrict rain from entering the enclosure.

b) Rainproof shall restrict rain from interfering with the successful operation of the apparatus
used within the enclosure.

7.13.2 A raimlight or rainproof enclosure shall be marked as specified in 69.7.

7.13.3 A gas
Accelerated A

et employed to make an enclosure raintight or rainproof shall be tested 4
ging Tests on Gaskets, Sealing Compounds, and Adhesives, Section 54.

s specified in

7.13.4 A raintight or rainproof enclosure shall be provided with external means for mounting.

Exception: A
means is inte

7.13.5 An opeéning for conduit in a raintight enclosure, other than in the bottom of the encl

threaded.

7.13.6 Anop
lowest termin
enclosure if a

8 Mounting

8.1 Provision
for mounting
frame, base, (
8.2 A control
of a device sh

between surfg

8.3 A properl

rainproof enclosure may be provided with internal means for mounting if
nded to restrict water from entering the enclosure.

ning for conduit in a rainproof enclosure 'shall be threaded unless located wh
| lug or other live part within the enclosure. There shall be provision for d
knockout or unthreaded hole is provided other than in the bottom.

shall be made for mounting a device securely in position. Bolts, screws, or ot
h device shall be independent of those used to secure components of the
r panel.

switch, a lampholder, an attachment-plug receptacle, or a plug connector pro
all be moeunted securely and shall be prevented from turning by means oth
ces.

applied lock washer may be used as a means to restrict a control switch fr

the mounting

posure shall be

olly below the

rainage of the

her parts used

device to the

ided as a part
er than friction

bm turning.
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9 Parts Containing Liquid Metal

9.1 A part of a control intended for use with cooking or other food-handling appliances that contains
mercury and the parts of any control that contain sodium-potassium shall be constructed of metal that:

a) Has a tensile yield strength at a temperature of 120 percent of the maximum normal use
Fahrenheit temperature equal to at least four times the hoop stress or other stress on the part
at that temperature.

b) Is known not to be susceptible to corrosion-stress-cracking when exposed to the contained

liquid

metals and external agents, or is subjected to appropriate tests.

10 Adjustmen

10.1 A parto

of an adjustment— hereinafter referred to as the adjustment stop — shall be-construg

withstands th
Strength of Ag

—
a control that is user operated and that limits the degree of rotation or.{ength

h

b usage encountered in its intended operation as determined by the appl
justment Stop Test, Section 61.

of movement
ted so that it
cable tests in

10.2 Ifitis infended that the end-product incorporate the means to limitcthe movement of the adjustment

stop as descr
however:

a) If &
stop f

calibration during shipping and handling.

b) If 4
or oth
likelih

c) Th
Sectid
than 1

bed in 10.1, the requirements are to be applied to the, end-product and not

in extended handle or the like is intended to beadded on the appliance, the
Dr the control shall have the strength necessary to prevent both damage and

L control has no adjustment stop andis' intended to be assembled into an ap
er mechanism, the adjusting means shall be provided with a temporary seal
pod of damage or a change inscalibration prior to final assembly.

b adjustment stop is to betested as specified in Strength of Adjustment Stop
n 61, except that the torgque or force applied to the adjusting means need ndg
pound-inch (0.1 N.m) or 1 pound (4.5 N).

to the control,

adjustment
a change in

pliance plug
to reduce the

Test,
t be greater



https://ulnorm.com/api/?name=UL 873 2015.pdf

28

TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873

NOVEMBER 16, 2007

11 Operating Mechanism

11.1 A temperature-indicating or -regulating device shall be assembled so that it will not be adversely
affected by the vibration of normal operation.

11.2 Screws and nuts that attach operating parts to movable members shall be upset or otherwise locked

to reduce the |

ikelihood of loosening under the conditions of actual use.

11.3 An operating mechanism shall not subject manually operated switch parts to undue stress.

11.4 The position of an operating handle shall be marked if necessary as a guide for proper operation.

11.5 A contro

a marked off

a) Op
positid

b) Bel

mechanical means or as specified in 11.10.

Exception No
will not result
to the user —

Exception No
be met by the

Exception No,
in a risk of ele
to persons if |

number of copductors to de-energize the circuit.

11.6 A capi
temperature-r
specified in 11

11.7 A therm
electric spacs
ungrounded ¢

en all ungrounded conductors of the circuit when the adjusting meanslis in t

bgulating controls for commercial cooking appliances — is to comply with thg

hstat or adhermostatically controlled switching device intended for direct co

bnductors of the supply circuit when:

osition or an implied off position — see 11.7 — 11.9 — shall:

n; and

restricted from functioning automatically when in the off positien either by a

1: If unintentional energization of the appliance in which the control is intend
in a risk of fire or electric shock — for example, a‘range oven having no live
he control need not comply with this requirement:

2: For a control intended for use in conjuriction with another control, the re
combination of the two controls.

3: If energization of the appliance-itt which the control is intended to be useq
ctric shock during operation orgleaning, or the like, but may result in a risk
nintentionally energized — far.example, a hot plate — the control need only of

#tended to have

he off

positive

ed to be used
arts exposed

nuirement can

will not result
Df fire or injury
en a sufficient

lary-type control_if\specified for use in the end-product — for example, certain

.5 with the capillary tube normal and cut, in separate tests.

-heating—equipment that is to be permanently connected electrically shall

requirements

ntrol of indoor
disconnect all

a) The actuating member is placed in a marked off position, or

b) The actuating member is placed in an unmarked off position that is implied by the fact that
there is a marked on position.
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11.8 A device that is marked with a phrase such as "no heat” or "cold" that conveys the same meaning
as the word "off" shall also comply with the requirement in 11.7.

11.9 A single-pole thermostat marked "Lo — Normal — High" or having a temperature scale such as 40 —
80 or a numerical scale such as 1 — 5 (not including the numeral 0) is not considered to have an off
position as defined in 11.7.

11.10 A thermostat or thermostatically controlled switching device intended for direct control of indoor,
electric-space-heating equipment that is to be permanently connected electrically that has a marked off
position, or an unmarked off position that is implied by the fact that there is a marked on position shall not
function as a thermostat (shall not respond to temperature changes) while the actuating member is in the

off position.

11.11 A thern
(minus 31°F)

11.12 A conpbined manual switch and thermostat intended for direct control of in

space-heating
conductors of
cannot be enq

11.13 A devid
to determine
application.

11.14 A mark

Exception: A
to determine ¢

11.15 A component, such as a resistor, capacitor, diode, and the like, shall not be connec

contacts of a

Exception: A
acceptable in

11.16 A wate

Exception:
single-operati

hostat that does not reclose (remains open) when cooled to a temperature
s acceptable with respect to the requirement in 11.10.

equipment that is to be permanently connected electrically shalldisconnect 4
rgized automatically after the device has been manually placed in the off po
e involving electronic control circuits shall be investigated under conditions of
f it complies with all applicable requirements andds otherwise acceptable f
ed off position shall have an air-gap constriction.

solid-state device may be employed>but shall be subjected to an appropriaf]
bquivalent protection.

cafety control or a protegtive or limiting device.

\ component may. be ‘connected across the contacts if investigated and
the end product.

-heater temperature-limiting control shall be a manually reset control.

\ temperature-limiting control for a marine-type storage-tank water hea
bn device. See Single-Operation Devices, Section 81.

Df minus 35°C

door electric
il ungrounded

the supply circuit regardless of temperature, and shall be ‘coristructed so that the circuit

sition.

actual service
Dr its intended

P investigation

ted across the

found to be

er may be a

11.17 A water-heater temperature-limiting control shall have no operating part in common with a
water-heater temperature-regulating control, but a common mounting bracket or a common enclosure
may be employed for both controls.

11.18 A temperature-regulating thermostat or control for a household electric storage tank water heater
shall be set before leaving the factory to a control position corresponding to a temperature no higher than
60°C (140°F). This setting may be approximate, for a marking on the control that reads
"Low-Medium-High" or the equivalent.
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11.19 A combination thermostat/GFCI intended for control of in-floor electric heating elements in
bathrooms and similar locations shall:

a) Have load switching devices (i.e. relays) that are dedicated to each circuit; the relays that
are used to terminate the GFCI circuit shall not operate in reaction to the thermostat
functionality, or

b) Have a feedback circuit that reliably verifies the correct operation of the entire GFCI circuit,
including the load switching devices, during the user initiated GFCI test sequence — see also
5.15, Supervisory Circuit, of the fourth edition of the Standard for Ground-Fault Circuit-
Interrupters, UL 943. The results of the test shall be made known to the user by means of an

audibl

11.20 Correc
load circuit ir
electronic, sh
Standard for ]
with the feedH
UL 1998.

12 Reset Me

12.1 A contrg
appliance can
temperature r

12.2 A contrg
in environmern
control oram
a non-marine

Exception: T

fble of

e or visual indication. Units that are unable

v O oat O O v C v, C

delivering power to the load as described in item (b) of 5.15.5 of Ul¢
Added 11.19 effective January 6, 2012

operation in 11.19 refers to the GFCI’s ability to disconnect all’ungrounde
response to the test operation. The reliability of the feedbaek (supervig
bll be ensured through an evaluation of the circuit to the“televant requirg
[ests for Safety-Related Controls Employing Solid-State ‘Devices, UL 991.
ack circuit shall be evaluated to the Standard for Software in Programmable

Added 11.20 effective January 6, 2012
hanism — Limiting Control
| shall not reset or be resettable manually or otherwise so that operation of
be resumed until after a safe operating condition is restored. For exampl

bturned to a value at or below the“control set point.

| that is intended to be resetimanually shall not reset automatically as a res

to acceptably complete the test s

hall
the outputs
43.

0 poles of the
ory) circuit, if
bments of the
Software used
Components,

the controlled
P, pressure or

ult of changes

tal temperature at temperatures at or above minus 35°C (minus 31°F) for a fegular limiting

arine-type storage-tank water heater temperature-limiting control, and above
storage-tank watercheater temperature-limiting control.

his requirement.does not apply if it is not required for the end-use product.

12.3 A manu
manipulation

lly reset-device shall be trip-free; that is, the automatic tripping shall be inde
r position of the reset button, handle, lever, or the like. The verificatior

mechanism operation of an electro-mechanical limiting control shall be performed on the
following the Qverload and Endurance tests of sections 45 and 46.

0°C (32°F) for

bendent of the
of the reset
same sample,

12.3 revised January 6, 2012

12.4 A manually reset device of a control may provide one or another of the following kinds of reset

function:

a) For a control designated "Manually Reset 1" or "M1", the control shall automatically reset to
the closed position after normal operating conditions have been restored, if the reset means is
held in the reset position. The operating tolerances specified in Calibration-Verification Test,
Section 44, shall not be exceeded if the reset means is held in the reset or on position.
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b) For a control designated "Manually Reset 2" or "M2", the control shall not function as an
automatically reset device if the reset means is held in the reset or on position.

12.5 The means for resetting a control with a manual reset shall be external to the control enclosure.
Exception: If the control enclosure complies with the requirements for protection as specified in
Protection of Users and Service Personnel, Section 23, and Protection Against Injury to Persons, Section

24, the means for resetting need not be external.

12.6 A manually reset mechanism shall not subject the operating mechanism or means of support to
stress.
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13 Means for Calibration

13.1 The following controls shall comply with the requirements in 13.2 — 13.8:
a) A water-heater control;
b) A refrigeration pressure-limiting device;

c) An appliance temperature-limiting control including some regulating controls if i
features are specified in the end-product standard,;

d) A time-delay or thermal relay that responds to a limiting control;

miting-control

e) A fange oven-door-lock control;

f) A dean-temperature control for a self-cleaning range oven; and

g) A hot tub/spa water temperature control.
13.2 A mean
after calibratign.
13.3 A mean
means such &
factory calibra

5 for calibration that is accessible or apparent shall be modified, guarded, ¢
is soldering to effectively restrict manipulation by hand or an ordinary tool
tion.

rence to 13.3, a calibration means that,is’not considered to be accessible o

plete concealment of a conventional tool-engaging means in a screw, s

strict manipulation if the calibration means cannot be changed readily by ¢
conventional tpol and engagement or manipulation is restricted at all other locations.
13.5 Enamel pnd other polymeric taterials used to secure or seal the means of calibratior]
are rated only|for exposure to temperatures of 121°C (250°F) or less, unless they have beg
thermal aging|tests and have been found acceptable for use at higher temperatures.

13.6 An adjuptable control shall comply with the requirements in 13.2 and 13.3 with
maximum temperature,/pressure, or similar setting.

5 provided for factory calibration shall be factory-secured, to restrict unintefitional shifting

r sealed by a
subsequent to

apparent is a
is not readily
ich as a slot,

, or the like, by the use of selder, brazing material, or cement rated for the purpose is

ripping with a

at the factory
n subjected to

espect to the

13.7 A tempgrature or pressure adjustment means, including a trim screw or the equiv

hlent, shall be

provided with a stop to restrict manipulation beyond a setting, or concealed or sealed, and
factory-secured as required by 13.2.

in either case,

13.8 Performance tests such as the calibration-verification tests, are to be conducted on samples having
the highest setting permitted by the adjustment means, including a trim screw or the equivalent.
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14 Protection Against Corrosion

14.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, sherardizing,
plating, or other equivalent means.

Exception No. 1: Bearings, thermal elements, or the like need not be protected if such protection is
impracticable.

Exception No. 2: Small minor parts of iron or steel such as washers, screws, bolts, and the like that do
not carry current need not be protected if corrosion of such unprotected parts would not be likely to result

in a risk of fire, electric shock, or injury to persons.

/ need not be

Exception No
protected.

14.2 The regdirement in 14.1 applies to all enclosing cases whether of sheet steel orcast

springs and o

14.3 An encl
accordance wj

14.4 Metal sh
14.5 A hinge

14.6 These r{
other corrosiv

14.7 The reqliirements specified in 14.8 — 14.18\do not apply to a part, such as a decora

is not a requin

14.8 A nonmé
and water.

14.9 A metall
7.6.4 for the r

14.10 Coppe
without additid
other metal s

2. Doyt naacl £ otaial 4 L I Laobadl £ tacl £ o
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her parts upon which proper mechanical operation may depend.

psure designated either raintight or rainproof shall be protécted agains
th the requirements in 14.4 — 14.18.

all be used in combinations that are galvanically compatible.

or other attachment shall be resistant to corrosion.

quirements do not contemplate corrosiontiiat might be caused by exposure
b agents.

ed part of an enclosure.

ptallic enclosure is to be jnavestigated on the basis of the effect of exposure to
¢ enclosure shall be protected against corrosion as specified in 14.10 — 14.1
bquired enclosure thickness.

, bronze, rass containing not less than 80 percent copper, or stainless stee

nal pretection against corrosion. Aluminum — sheet, extrusion, or casting— di
nall\bé of a grade or alloy having resistance to atmospheric corrosion, equ

ron, and to all

corrosion in

to the earth or

tive grille, that

Liltraviolet light

8. See 7.5.1 —

may be used
e-cast zinc, or
ivalent to that

specified for 3

heet steel of the required thickness or shall be subjected to appropriate tes

ts, or shall be

additionally pr

otected against corrosion.

14.11 An enclosure of cast iron or malleable iron at least 1/8 inch (3.2 mm) thick shall be protected
against corrosion by a 0.00015-inch (0.0130-mm) thick coating of zinc, cadmium, or the equivalent on the
outside surface and a visible coating of such metal on the inside surface, or one coat of an organic finish
of the epoxy or alkyd-resin type or other outdoor paint on each surface.
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14.12 Unless acceptability of the paint can be determined by consideration of its composition, corrosion

tests are requ

ired.

14.13 An enclosure of sheet steel having a thickness less than 0.126 inch (3.20 mm) if zinc-coated or
0.123 inch (3.12 mm) thick if uncoated shall be protected against corrosion by one of the following means
or by other metallic or nonmetallic coatings that have been found to give equivalent protection as
described in 14.16.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G90 in the
Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M-94, with not less than 40 percent

of the

b) A

appliel
with &
estab
comp

c) A
epoxyl
accep
tests.

d A
of cod
55.

e) A
coat @
surfag
coatin
and th

14.14 An enc|
if uncoated o

zin

bf question, the weight of coating shall be established in accordance with, thg
pight of Coating on Zinc-Coated (Galvanized) Iron or Steel Articles, ASTM A

rinc coating, other than that provided on hot-dipped mill-galvanized sheet ste
d to an average thickness of not less than 0.00061 inch (0.0155(mm) on eaq
minimum thickness of 0.00054 inch (0.0137 mm). The thickness of the coat
ished by the Metallic Coating Thickness Test, Section 55%An annealed coati
y with 14.18.

inc coating conforming with 14.14 (a) or (b) with ©ne coat of an organic finig

or alkyd-resin type or other outdoor paint applied after forming on each surf
tability of the paint is to be determined by consideration of its composition of

cadmium coating not less than 0.001cinch (0.03 mm) thick on both surfaces.
ting shall be established in accordance with the Metallic Coating Thickness
cadmium coating not less'than 0.00075 inch (0.0191 mm) thick on both surfg
es with two coats ofteutdoor paint on both surfaces. The thickness of the ca
0 shall be established in accordance with the Metallic Coating Thickness Te

e paint shall be_as specified in (c).

osure ofsheet steel 0.126 inch (3.20 mm) thick if zinc-coated or 0.123 inch (3

metallic or norrmetallic coatings that have been shown to give equivalent protection as desc|

ASTM

d; however, in
Test Method
D0-81(1991).

el, uniformly
h surface
ng shall be
ng shall also

h of the
ace. The
by corrosion

The thickness
lest, Section

ces with one

f outdoor paint on both surfaces, or not less than 0.00051 inch (0.013 mm) thick on both

dmium
5t, Section 55,

B.12 mm) thick

heavier-shall be protected against corrosion by one of the following means or by other

ribed in 14.16.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G60 or A60
in the Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M-94, with not less than 40 percent
of the zinc on any side, based on the minimum single-spot test requirement in this ASTM
designation. The weight of zinc coating may be determined by any suitable method; however, in
case of question, the weight of coating shall be established in accordance with the Test Method
for Weight of Coating on Zinc-Coated (Galvanized) Iron or Steel Articles, ASTM A90-81(1991).

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 inch (0.0104 mm) on each surface
with a minimum thickness of 0.00034 inch (0.0076 mm). The thickness of the coating shall be

establ

ished by the Metallic Coating Thickness Test, Section 55.
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c) Two coats of an organic finish of the epoxy or alkyd-resin or other outdoor paint on each
surface. The acceptability of the paint is to be determined by consideration of its composition or
by corrosion tests.

d) Any one of the means specified in 14.13.

14.15 The requirements specified in 14.14 also apply to sheet steel 0.056 inch (1.42 mm) thick if
zinc-coated or 0.053 inch (1.35 mm) thick if uncoated or heavier for an enclosure to be mounted within
and protected from direct exposure to weather by the enclosure of other equipment, such as an air
conditioner. Such an enclosure is not to be marked rainproof or raintight.

14.16 With reference to 14.13 — 14.15, other flnlshes |nclud|ng palnts metallic finishes and combinations

of the two may

wiping or othg

provide equiv:
acceptability g
mixtures, moif

r surface treatment - conformlng with 14 13(a) or 14. 14(a) as apphcable
lent protection. Among the factors that are to be taken into consideration wh
f such coating systems are exposure to salt spray, moist carbon dioxide-su
t hydrogen sulfide-air mixtures, and ultraviolet light and water.

14.17 Test specimens of a finish as described in 14.14 or 14.16, 14.13(c)/ or 14.14(c),

tested, are to
cleaning or pr
like.

14.18 A hot-g
similarly formg
bent or forme
on the inside §

pbe consistent with the finish that is to be used in productién with respect to t
ptreatment method, application method, number of coats,euring method, thic

ipped mill-galvanized A60 (alloyed) coating ot~an annealed zinc coating t
bd after annealing and that is not otherwise_required to be painted shall be
| area if the bending or forming process damages the zinc coating, except th
urface of an enclosure that water does not enter during the Rain Test, Sectio

be painted. The zinc coating is considered to be dafmaged if flaking or cracking of the zinc

outside radiug
edges and pu

15 Insulating

15.1 A base f]
material.

15.2 A mater
the support of
the necessary

15.3 A base {

of the bent or formed section is visible at 25 power magnification. Simple 9
nched holes are not considered'to be formed.

Material

br the support of a live part shall be of strong, noncombustible, moisture-resis

Aput annealing,

indicate they
en judging the
fur dioxide-air

if the paint is
e base metal,
ness, and the

hat is bent or
painted in the
at such areas
n 56, need not
coating at the
heared or cut

ant, insulating

al other than slate, porcelain, phenolic or cold-molded composition, or one that is rated for

live parts¢shall be investigated under conditions of intended service to detg

rmine if it has

electrical and mechanical properties and is otherwise rated for the application.

£ most severe

hall be constructed so that, considering the material used, it will withstand th

condition likely to be met in service.

15.4 Insulating material, including a barrier between parts of opposite polarity and material that may be
subjected to the influence of an arc formed by opening a switch, shall be rated for the application.
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15.5 Vulcanized fiber may be used for an insulating bushing, a washer, a separator, or a barrier, but not
for the sole support of an uninsulated live part of other than a low-voltage circuit.

15.6 Unless otherwise specified in Section 7.7, polymeric electrical insulating materials and polymeric
enclosures shall comply with the applicable requirements of the Standard for Polymeric Materials — Use
in Electrical Equipment Evaluations, UL 746C. The materials shall have the appropriate flammability class
required by UL 746C based on the equipment intended use. The material flammability class is determined
by tests in the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances,

UL 94.

15.6 added January 6, 2012

15.7 Metallized or painted polymeric parts or enclosures shall comply with the applicable requirements of

the Standard
requirement ig
the metallizeg
externally.

16 Supply Cdq
16.1 General

16.1.1 Conne
supply conneq

16.1.2 Wires
damage to co

16.2 Equipme
16.2.1 Gener

16.2.1.1 Wirin
having an am

a) On
pools,

b) On
and 6

forPotymericMatertats—=Yse—mmEtectricatEquipmentEvatoations;—t
not applicable to exterior surfaces of polymeric enclosure materials or pafis
coating or paint does not offer a continuous path for an internal flame

15.7 added January 6, 2012

nnections

ctions to wiring terminals of equipment that is to_ b€ permanently connected ¢

within an enclosure, compartment, raceway, or the like shall be routed or prd

nductor insulation cannot result from contact with a rough, sharp, or moving

nt permanently connected electrically

il
g terminals or leads shall be provided and shall be rated for the connection
pacity not less than.the largest of the following ratings that are applicable:
hot tubs/spas; and space-heating equipment;

e hundred twenty-five percent of the full-load motor-current rating in accordg
7.5:See Table 45.3 or 45.4 for the ampere rating corresponding to the horse

746C. This
provided that
to propagate

lectrically and

tions are connections that are made in the figld:when the equipment is instdlled.

tected so that
part.

of conductors

e hundred twenty-five percent of the ampere rating of electric heating equipinent for

nce with 67.4
power rating;

c) For a combination load, 125 percent of the full-load motor current of the largest motor, plus
125 percent of the ampere rating of an electric space-heating equipment load that is to be
permanently connected electrically, plus 125 percent of the continuous duty load, plus 100
percent of the sum of the current ratings of all other loads;

d) For direct-current-motors intended to be operated from a rectified single-phase power supply
unless marked in accordance with 70.10;

1) One hundred ninety percent if a half-wave rectifier is used, or

2) One hundred fifty percent if a full-wave rectifier is used; or
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e) The ampere rating of the equipment, for a load not specified in (a), (b), (c), and (d);
f) One hundred twenty-five percent of a continuous duty load.

16.2.1.2 With reference to 16.2.1.1, it is assumed that 75°C (167°F) conductors will be employed for
currents of more than 100 amperes.

16.2.1.3 A field-wiring terminal marked to indicate that it is rated for use with a copper, a copper-clad
aluminum, or an aluminum power supply conductor shall comply with the requirement in 16.2.1.1 for a
wire of each metal for which it is marked.

16.2.1.4 A terminal box or compartment on equipment that is to be permanently connected electrically
shall be locat out disturbing
the line-voltag ner.

<l thot tho H 'H +lo H H TN dal £ H 'H itk
U OU UTAL UTC vWiTT CUTITTCLUUTTO THTTTTITT VWil T ALULT o oTUITC TUT THNTopP T LLUTT, Vvitl

e or safety-circuit wiring after the equipment is installed in the intended man

Exception: W
upon remova

16.2.1.5 The
the conductor

16.2.1.6 A fig|
two standard
smaller than

required for cpnnection to a 6 AWG (13.3 mm?) field-provided conductor. See Table 16.1.

Exception No.
to which it wil
is intended fo
conditions:

a A
remot
be sp

b) Th
indivia

c) Th

ire connections to equipment intended to be mounted on an outlet.box may
of the equipment from the box.

free lead length of a field-wiring lead shall not be less than 6 inehes (152 mm
shall comply with the requirements in 19.1 — 19.5.

d-wiring lead, other than a lead for connection of a’Class 2 circuit, shall not
vire sizes smaller than the copper conductor to which it will be connected, af
18 AWG (0.82 mm?) — for example, a 10 AWG (5.3 mm?) or larger field;

1: A lead may be more than two wire sizes smaller than the field-provided cof
be connected, but not smaller than 18 AWG, if more than one factory-provide
connection to the same field-provided lead, and the construction complies wif

Wire connector for connection of the field-provided wire is provided as part of
-control assembly, and‘the wire connector is rated for the combination of wi
iced;

e factory-provifled leads are bunched or otherwise arranged to restrict stresy
Jual lead; and.

P equipment is marked in accordance with 70.9.

be accessible

; insulation on

be more than
d shall not be
wiring lead is

bper conductor
bd copper lead
h the following

the unit or
res that will

on an

Exception No|

2) A single 18 AWG field-wiring lead may be connected to a 12 AWG

field-provided

conductor.
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Table 16.1

Field-wiring lead size

Field-wiring lead wire size determination by 16.2.1.1, Required size of internal lead for field-wiring, AWG
AWG

14 or 12 18
12 16
10 14
8 12
6 10
4 8
3 6
2 4
1 3
1/0 2
2/0 1
3/0 1/0
4/0 2/0

250 kemil 3/0
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16.2.1.7 A lead provided for connection to an external line-voltage circuit shall not be connected to a
wire-binding screw or pressure terminal connector located in the same compartment as the splice unless
the screw or connector is rendered unusable for field-wiring connection or the lead is insulated at the
unconnected end, and a marking on the equipment clearly indicates the intended use of the lead.

16.2.1.8 The free end of a field-wiring lead that will not be used in every installation — such as a tap for
a multivoltage transformer or one free lead for a single-pole, double-throw switch — shall be insulated. For
a grounding lead, see 21.4.10.

16.2.1.9 For power-circuit connections, equipment that is to be permanently connected electrically shall

have provision for the connection of a wiring system.

16.2.1.10 A
with such a fi

16.2.1.11 An
shall be provid
be within the

16.2.1.12 Th4
conduit.

16.2.1.13 A b
inch (3.2 mm
around the hd
that it will not
the material o
burrs, projecti

16.2.2 Termir

vice that is rated for use with a fitting for only one type of wiring system sh

opening for the entry of a conductor or conductors of a circuit of limited pow
ed with an insulating bushing. The bushing may be mounted in pface in the o
bnclosure so that it may be properly mounted when the deviee.is installed.

e opening mentioned in 16.2.1.11 may be used for dccommodating arm

ushing of rubber or rubber-like material providediin accordance with 16.2.1.1
or more thick, except that it may be not less-than 3/64 inch (1.2 mm) thi
le is eyeletted or similarly treated to provide’smooth edges. A bushing shall
be exposed to oil, grease, oily vapors,,or'other substances having a delete
f the bushing. A hole in which such a:bushing is mounted shall be free from
bns, or the like that might damage-the bushing.

als

16.2.2.1 Ternminal parts by which supply connections are made shall be such as to p

connections e

16.2.2.2 Sold
connector intg
test specified
Terminals for
less than 7 pq

ven under hard usage.

bring lugs or solderless (pressure) wire connectors shall be used. A solderl
nded for connection of a 14 AWG or smaller copper conductor shall comply |
n the Standard for Wire Connectors, UL 486A-486B or the Standard for Equ
Use With/ Aluminum and/or Copper Conductors, UL 486E, with a tightening
und-inches (0.8 N-m).

hll be supplied

br and voltage
pening or may

bred cable or

1 shall be 1/8
k if the metal
be located so
fious effect on
sharp edges,

ovide reliable

PSS (pressure)
vith the torque
ipment Wiring
torque of not

Exception:

or a 10 AWG or smaller wire, the parts o which wiring connections are mad

e may consist

of clamps or binding screws with terminal plates having upturned lugs or the equivalent to hold the wires

in position.

16.2.2.3 A wire-binding screw employed at a wiring terminal shall not be smaller than No. 8.

Exception: A No. 6 screw may be used for the connection of one 14, 16, or 18 AWG conductor.
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16.2.2.4 Other than as noted in 16.2.2.5, a terminal plate tapped for a wire-binding screw shall be of
metal not less than 0.030 inch (0.76 mm) thick for a 14 AWG or smaller wire, and not less than 0.050 inch
(2.27 mm) thick for a wire larger than 14 AWG. There shall not be less than two full threads in the metal.

16.2.2.5 A low-voltage transformer may have terminal plates 0.030 inch (0.76 mm) thick for either primary
or secondary connections.

16.2.2.6 A terminal plate formed from stock having the minimum required thickness specified in 16.2.2.1
— 16.2.2.4 may have the metal extruded at a tapped hole for a binding screw so as to provide two full
threads.

Exception: Two full threads are not required if fewer threads make a connection in which the threads do
not strip wher 23 A et

T 2% tac] + 20 iaals V4 ol £ o
o ouUujeLiCUu tU d U ITICIT DUUTTU (4.9 TV UYyritCririgyg turyuc.

16.2.2.7 A wife-binding screw shall not thread into material other than metal.

16.2.2.8 In or
is intended to
or less and er
device other

grounded con
supply condu
connected to

16.2.3 Outlet;

16.2.3.1 Wirir

intended for mounting on an outlet box or similar.enclosure shall be located or protected s

not be forced

16.2.3.2 With
are recessed
restrict contad

16.2.3.3 Ternpinals that do not pyoject into a box beyond the plane of the front edge of th

used.

16.2.3.4 With

(6.4 mm) bey¢pnd the terminals before wiring, with a corresponding guard between double-

mechanisms,

der to polarize the wiring of equipment that is to be permanently Connected ¢
be connected to more than one wire of a supply circuit rated at25 volts or
hploying an Edison screw-shell lampholder or a single-pole switch or overcur
han an automatic control, one terminal or lead shall bé identified for con
ductor of the supply circuit. A terminal or lead identified for connection to
ctor shall be electrically connected to screw shells:of lampholders, and
b single-pole switch or a single-pole overcurrent-protective device.

box-mounted devices

against wiring in the box during installation.
reference to the requirements-in 16.2.3.1, back wiring terminals may be en

or are protected by clgsesfitting barriers of insulating material or the equiy
t with wiring installed in ‘the box.

referencédto 16.2.3.2, guards provided alongside terminals and extending af

may, be used.

lectrically and
125/250 volts
rent-protective
hection to the
the grounded
shall not be

g terminals and other live parts and sharp-edged grounded or dead metal pats of a device

b that they will

ployed if they
alent that will

e box may be

least 1/4 inch
pole switching

16.2.3.5 To determine whether a construction other than that described in 16.2.3.4 restricts wiring in the
box from being forced against live parts or sharp edges, a trial installation using only ordinary care is to
be made on an appropriately sized outlet box, employing both copper and aluminum Type TW wire having
ampacities in accordance with the rating of the device. The wire is to extend 6 inches (152 mm) inside the
box from its point of entrance into the box.
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16.3 Cord and plug connected portable equipment

16.3.1 Portable equipment shall be provided with a length of flexible cord and an attachment plug for
connection to the supply circuit. The type of cord shall be rated for the application, and the rating of the
plug and the ampacity of the cord shall be as specified in 16.2.1.1.

16.4 Stationary equipment

16.4.1 General

16.4.1.1 In determining the acceptability of a cord and plug connection for equipment that is intended to
be fastened in place or located in a dedicated space, the decision is to include consideration of:

a) WILether:
1) The cord connection of the equipment facilitates frequent interchange,
2) Reduction of the transmission of noise or vibration is accomplished, or

3) The fastening means or mechanical connections are«intended to permi{ removal for
maintenance and repair, and

b) Wihether the equipment is to be connected at the end of the run.
16.4.1.2 The [cord on stationary equipment shall be Type 'SJ or equivalent hard-service dgord, not more
than 3 feet (934 mm) long, directly connected to the equipment and terminated in an attachrpent plug. The
rating of the plug and the ampacity of the cord shall he“as specified in 16.2.1.1.
16.4.2 Strain [relief

16.4.2.1 Strain relief shall be provided so:that mechanical stress on a flexible supply cord will not be
transmitted to|terminals, splices, or interior wiring.

16.4.2.2 A stiain-relief device shallhbée subjected to the test described in Strain-Relief Test, Section 53.
16.4.2.3 Surfaces against which a knot in a flexible cord that serves as strain relief may bear or which it

may contact ghall be free-from projections, sharp edges, burrs, fins, and the like, that mpy abrade the
insulation on ¢onductors;
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16.4.3 Bushings

16.4.3.1 Where a flexible cord passes or is intended to pass through an opening in a wall, barrier, or
enclosing case, there shall be a bushing rated for the application or the equivalent that is reliably secured
in place, and has a smooth surface against which the cord may bear. An insulating bushing shall be
provided for a cord lighter than Type SJ that passes through a wall or barrier of metal if the construction
is such that the cord may be subjected to stress or motion.

16.4.3.2 A cord hole with a smooth surface through wood, porcelain, phenolic composition, or other
nonconductive material rated for the application is considered to be the equivalent of a bushing.

16.4.3.3 Ceramic materials and some molded compositions may be used for insulating bushings; but a

used.

separate bush

16.4.3.4 Afib
place so that i
where it will b

16.4.3.5 A so
it will not be e

H £ <l Uaod bat ldacdl Lall At H'™H + 1
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er bushing shall not be less than 3/64 inch (1.2 mm) thick, shall be fortned &
will not be adversely affected by conditions of ordinary moisture, and shall no
E subjected to a temperature higher than 90°C (194°F) under normal operat

t-rubber bushing shall not be less than 3/64 inch (1.2 mm) thick‘and shall be
kKposed to oil, grease, oily vapor, or other substances havinga deleterious efi

nd secured in
t be employed
ng conditions.

ocated so that
ect on rubber.

Such a bushing may be used only in the frame of a motor or for a,cord connected to a slipply circuit of

limited voltagq
sharp edges,

16.4.3.6 Insu
not be less th
the metal in W

16.4.4 Polarit

16.4.4.1 The
not provided |

16.4.4.2 The
shall not be el
but shall be ¢

terminal of a feceptacle.

and power. A hole in metal in which a soft-rubberdushing is employed sha
burrs, projections, and the like, that would be likely'to cut into the rubber.

ating material in an insulated metal grommet employed in lieu of an insulating
an 1/32 inch (0.8 mm) thick and shall completely fill the space between the
hich it is mounted.

y

pttachment plug of a cord-connected product shall be of the polarized type if
vith a grounding type attachment plug — see 21.1.1.

blade of the attachment plug identified for connection to the grounded suf
pctrically connected'to a single-pole switching device, intended for product or
bnnected electfically to the screw-shell of an Edison-base lampholder and tqg

Il be free from

bushing shall

grommet and

the product is

ply conductor
-off operation,
the identified
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17 Current-Carrying Parts

17.1 A current-carrying part shall have the necessary mechanical strength and ampacity for the service,
and shall be of metal that is rated for the application.

17.2 An uninsulated live part, including a terminal, shall be secured to its supporting surface by a means
other than friction between surfaces so that it will be restricted from turning or shifting in position if such
motion may result in reduction of spacings to less than those required by this standard. The security of

contact assemblies shall provide continued alignment of contacts.

17.3 A lock washer properly applied may be used at a terminal or connection stud.

18 Switches

18.1 A switch
potential to gr

18.2 A nomir
involve a potg

provided as part of a product intended to be connected to a power-supply G
bund of more than 150 volts shall be rated for the maximum potential.to igroun

al 208-volt, single or 3-phase or a 120/240 volt, single-phase_product is
ntial to ground of less than 150 volts. A 2-wire, single-phase,ef a 3-wire, 3-

with a rating in the range from 220 — 250 volts is considered to involve @ potential to groun

150 volts.
Exception: A

18.3 Switcheq
cycle level req

product marked in accordance with 74.10 or 74.11 need not comply with thi

shall comply with one of the following and, as.applicable, the overload and ¢
uirements in this standard:

ircuit having a
1l of the circuit.

considered to
bhase product
d in excess of

5 requirement.

ndurance test

a) The Standard for Special-Use Switchesy UL 1054,

b) The Standard for Switches for Appliances — Part 1: General Requirements, UL [61058-1;

c) The Standard for General Use'Snap Switches, UL 20;

d) The Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL [73A; or

e) The requirements.of this standard applicable to switches when evaluated as ar] integral

switct{ing part of the-control.

18.3 added January 6, 2012

18.4 A clockioperated switch, in which the switching contacts are actuated by a clogk-work, by a
gear-train, by “electrically-wound spring motors, by electric clock-type motors, or by equivalent
arrangements shall comply with one of the following:

a) The Standard for Clock-Operated Switches, UL 917; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1:
General Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for
Household and Similar Use; Part 2: Particular Requirements for Timers and Time Switches, UL
60730-2-7.

18.4 added January 6, 2012
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18.5 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, shall comply with:

a) The Standard for Solid-State Controls for Appliances, UL 244A; or

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1:
General Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for
Household and Similar Use; Part 2: Particular Requirements for Timers and Time Switches, UL
60730-2-7.

18.5 added January 6, 2012

19 Internal Wiring

19.1 Internal
tubing or with

19.2 A 18 or
described in 2
and shall be

potential of 3(

19.3 A 14 AW

19.4 Other ty
wire may be |

19.5 If neces
less; and Typ:s
less.

19.6 If the us

wiring shall consist of insulated conductors, including conductors covered
noncarbonizable beads, having adequate ampacity for the service.

ith insulating

16 AWG (0.82 or 1.3 mm?) rubber-covered wire in other tharf\a~low-volfage circuit as

.6 shall be at least Type RFH-1 with impregnated braid, for a potential of 30
At least Type RFH-2 with impregnated braid and shall be rated for the ap|
1 - 600 volts.

G (2.1 mm?) or larger conductor shall be Type TW{ RH, or RHW wire.

bes of conductors that have been found to be agceptable may also be empl
sed wherever Type RFH-1 or RFH-2 wire may be used.

bitated by temperatures, Type SF-1 fixture wire may be used for a potential
e \/, AVA, or AVB wire or Type SF-2dixture wire may be used for a potential

b of a short length of insulated-conductor is not feasible — for example, a sh

the like— electrical insulating tubing may-bé employed.

19.7 Tubing {
not contact sh
not be used ir

19.8 The wal
except that th
than 0.017 ing
providing medg

hall not be subjected\to sharp bends, tension, compression, or repeated fle
arp edges, projections, or corners. Tubing may be used in dry or damp loca
wet locations:

thickness<of electrical insulating tubing shall comply with the requirements fq
P thickness at any point for the smaller sizes of polyvinyl chloride tubing sh
h (0.43 mm). Insulating tubing of other types shall have a wall thickness not

D volts or less;

plication for a

yed; Type TF

bf 300 volts or
bf 600 volts or

brt coil lead or

ing, and shall
itions but may

r such tubing,
all not be less
less than that

hanical strength, dielectric properties, heat- and moisture-resistant characteijistics, and the

like, at least e

qual to those of 0.017-inch-thick polyvinyl chloride tubing.

19.9 Internal wiring and connections between parts shall be protected or enclosed.

19.10 Rubber-insulated conductors shall not be exposed to oil, grease, oily vapor, or other substance
having a deleterious effect on rubber.
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19.11 A wireway shall be smooth and free from sharp edges, burrs, fins, moving parts, and the like, which
may abrade insulation on conductors.

19.12 Mounting screws and nuts shall be made or located so that sharp edges will not damage wiring. A
screw shall have a flat or blunt end. The end of a screw shall have no burrs, fins or sharp edges that might
abrade wire insulation, and shall not project more than 3/16 inch (4.8 mm) into a wireway.

19.13 A hole in a sheet-metal wall through which insulated wires pass and on which they may bear shall
be provided with a smooth bushing or shall have smooth surfaces upon which the wires may bear, to
reduce the likelihood of abrasion of insulation.

19.14 A bushing used over other than smooth rounded surfaces of a hole through wh|ch wires pass shall
be of materi jon — such as

porcelain, phg
bushing or thg
has been eva

19.15 Insulat¢d wires that are entirely enclosed within metal walls may be bun¢hed and p

a single open

19.16 A bare

conductor within an enclosure shall be supported so that the required spacings will be mai

19.17 A short
normal maxiny
supplementar
conductors of
type normally
involved.

19.18 A joint
without stress

19.19 A solde
Exception: A

a A
(849°

enolic, flber at Ieast 3/64 inch (1.2 mm) thick, or smooth, rounded metal)
like shall not be used for other than low-voltage wiring — see 16.2.1.13 <unle
uated and found to be acceptable.

ng.

conductor or a conductor insulated with noncarbonizable-beads shall be en

length of rubber-insulated flexible cord may beeéxposed to a temperature in
um allowable temperature for the compound ifivolved in a location such as
heat-resistant insulation of acceptablecdielectric properties is employed
the cord to prevent deterioration of the\srubber. In any case, rubber insulatio
available that has a temperature limit/as close as possible to or higher than th

or connection shall be methanically secure and shall provide reliable ele)
on a connection or a teqminal.

red connection shalltbe made mechanically secure before being soldered.
connection fof.which:

solderinglar-brazing material having a softening or melting point greater than
-) is used,;

A soft-rubber
5Ss the material

hssed through

tlosed. A bare
ntained.

excess of the
nt a terminal if
on individual

n shall be of a
e temperature

ctrical contact

454°C

90 degrees

b) A

hand-soldered lead passed through a hole in a printed wiring board and ben

to the

board to make contact with the conductor before soldering;

¢) Soldering on a printed wiring board is done by a machine process in which the soldering
time and solder temperature are automatically controlled — bending over of leads is not
required; or

d) The lead wire is strapped in place, or the equivalent, adjacent to the soldered connection so
as to hold the lead end in place.
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19.20 A joint shall be provided with insulation equivalent to that on the wires involved if permanence of
spacing between the joint and uninsulated live parts of opposite polarity or grounded dead metal parts
may not be maintained.

19.21 A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch quick-connect terminal shall comply with the
Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-connect terminals shall be
investigated with respect to crimp pullout, engagement-disengagement forces of the connector and tab,
and temperature rise; all tests shall be conducted in accordance with UL 310.

19.22 Internal wiring composed of insulated conductors shall comply with the Standard for Appliance
Wiring Material, UL 758.

Exception Noj+—tasttatet-conductorsreed-rot-comply—with-the-Standardfor-Apptiarceiring Material,
UL 758 if they comply with one of the following:

a) The Standard for Thermoset-Insulated Wires and Cables, UL 44;
b) The Standard for Thermoplastic-Insulated Wires and Cables, UL 88/
¢) The Standard for Fixture Wire, UL 66; or

d) The applicable standard(s) for other insulated conductor,types specified in Chapter 3 (Wiring
Methqds and Materials) of the National Electrical CodefNFPA 70.

Exception No| 2: Insulated conductors for specialty applications (e.g. data processing or communications)
and located i a low-voltage circuit not involving the risk of fire or personal injury need npt comply with
Standard for Appliance Wiring Material, UL 758.

19.22 addeddanuary 6, 2012
20 Low-Voltape External Wiring Requirements
20.1 A cable pxternal to the equipment'and supplied by the manufacturer for connection in a low-voltage

Class 2 circult shall be rated for the-intended application as specified in Article 725 of the National
Electrical Code, ANSI/NFPA 70-1993.
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21 Grounding

21.1 General

21.1.1 There shall be provision for grounding all dead metal parts of the following controls that are
exposed or that are likely to be touched by a person during normal operation or adjustment and that are
likely to become energized through electrical fault.

a) A stationary control or a control that is to be permanently connected electrically.

b) A cord-connected control for a room air conditioner or dehumidifier, for outdoor or industrial
equipment, or for equipment that is required to be grounded.

c) A [Lortable control for use on a circuit involving a potential of more than 150 Vo

d) A

21.1.2 A mq
equipment-grd
such connecti

Exception No
Exception No
factory-wired

equipment. S¢

21.1.3 To det
proximity of w|

tests are to b¢ evaluated.

21.1.4 All deg
with or withou
grounding me

21.15 Any d
following meal

a) A
yellow

K
L

bns may be located either inside or outside the motor terminal housing.

pquipment and that has its dead metal parts boended to the grounding termina
be Bonding of Internal Parts, Section 22,

ANS.

bvice that is intended to be installed into a device box shall be provided w
ns for connection to an equipment grounding lead:

jrounding’lead that is bare or that is a green insulated wire with or without o

ontrol provided with a grounding means, whether required or not.

tor or motor operator shall be provided with means for)the attac
unding conductor termination for wire-to-wire or fixed-terminahconnections. ]
1: The grounding means need not be provided if grounding is not required |

2: The grounding means need not be provided:on a motor that is to be insté

ermine whether a part is likely to_become energized, such factors as co
ring, a dielectric voltage-withstand-test after the overload and endurance test

d metal parts of a room-thermostat rated more than 300 volts that are expos

ts to ground.

hment of an
'he means for

by 21.1.1.
lled as part of

| of the overall

hstruction, the
5, and burnout

ed to contact,

the outer cover in place;-shall be in electrical connection with the point of comnection of the

stripes; or

ith one of the

e or more

b) A grounding terminal identified as specified in 21.4.
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21.2 Grounding means

21.2.1 An equipment-grounding terminal or lead grounding point shall be connected to the frame or
enclosure by a positive means, such as by a bolted or screwed connection.

21.2.2 A grounding connection shall reliably penetrate a honconductive coating, such as paint or vitreous
enamel.

21.2.3 A grounding point shall be located so that it is unlikely that the grounding means will be removed
during normal servicing.

21.2.4 The following are acceptable means for grounding equipment that is to be permanently connected
electrically:

a) An equipment-grounding terminal or lead in:
1) A room thermostat,
2) A control intended for use in a residence,

3) A device intended to be connected to a nonmetallic-enclosed wiring sygtem, for
example, a nonmetallic-sheathed cable, or

4) A device intended to be grounded by an isolated ground and intended o be
connected to a metal-enclosed wiring systent.
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b) A knockout or equivalent opening in a metal enclosure of a nonresidential control intended to
be connected to a metal-enclosed wiring system.

c) An equipment-grounding terminal or lead installed on a device that is intended to be
mounted on an outlet box.

Exception: If the device is marked in accordance with 70.11(a), the equipment-grounding
terminal or lead need not be provided on the device as shipped. If marked in accordance with
70.11(b), the grounding means may be in the form of a kit.

21.3 Equipment permanently connected electrically

21.3.1 A deV < UIIIP:Uy;IIU flC:d VV;I;IIy :Cado ;II f:UAIb:C IIICta: \.;Ulldu;t, VVhCIC I‘:U/\IIIU Uf the Condult IS
required for afljustment or movement after installation, shall have an equipment-grounding conductor of
the size specified in 22.2.8 installed in the flexible conduit.
21.4 Terminals and leads

21.4.1 A wirg-binding screw intended to connect an equipment-grounding conductor|shall have a
green-colored|head that is hexagonal, slotted, or both.

21.4.2 A presgure wire connector intended to connect an equipment=grounding conductor ghall be plainly
identified, by:

1) Being marked "G,"” "GR,"” "GND," "Ground,"” or "Grounding;"
2) The symbol in Figure 21.1, or

3) Marking as in (1) or (2) above on a wiring diagram on the control.
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Figure 21.1
Grounding Symbol
GND1
21.4.3 A wirg-binding screw or pressure wire condector intended to connect an equipmnent-grounding

conductor shg

21.4.4 A tern
conductor of

21.45 A groy
the enclosure
if of steel; and

21.4.6 Asold
shall not be u

21.4.7 Alead

Il be located so that it is unlikely to,5¢ removed during normal servicing.

inal for connection of an equipment-grounding conductor shall be capable
he necessary size and shall be constructed as specified in 16.2.1.3 — 16.2.2

nding terminal for a,10 AWG (5.3 mm?) or smaller wire may be a threaded §
or equivalent. Such:a terminal shall be of suitable material, for example, it 9
shall also comply-with 21.4.1 — 21.4.4 and 16.1.1 — 16.2.2.4.

ed for @ grounding terminal.

intended for connection to an equipment-grounding conductor shall be of the

in 22.2.8, and

A fron lanath Af 68 inechae (TE9D i\ Ay maara

nh—\” hayvy

ST vy C o rc T Ie T guT O O T S (X oz i)~ OT TTToTes

of securing a
4.

tud welded to
hall be plated

bring lug, @push-in (screwless) connector, or a quick-connect or similar friction-fit connector,

size specified

21.4.8 The surface of an insulated lead intended solely to connect an equipment-grounding conductor
shall be green with or without one or more yellow stripes, and no other lead visible in a field wiring
compartment to the installer shall be so identified.
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21.4.9 The color coding requirement specified in 21.4.8 does not apply to a low-voltage nonsafety circuit
under the following conditions:

a) Leads or wiring to low-voltage terminals are remote from the location where the line-voltage
connections are made, and connectors and live parts are segregated in accordance with
Section 35, or

b) Leads or low-voltage terminals are specifically marked with the intended use, such as
"Thermostat,” so that reference to a wiring diagram is not necessary.

21.4.10 The free end of an equipment-grounding conductor shall be insulated — for example, shall have
the end folded back and taped to the lead — unless the conductor is located so that it cannot contact live

parts in the e\
21.4.11 The f

a) Fo
a mul

b) Fo
to the
conta

21.4.12 The {
one or more

21.4.13 The ¢
attachment pl
be removed
arranged so
connection on

21.4.14 Circy

enclosure, a frame, a component‘mounting panel, and earth ground do not carry current
pctrical fault.

event of an el

Exception: A
secondary cif
low-voltage ¢
raceway or of

pllowing are acceptable means for grounding stationary, pendant, and (ertal

I pendant, cord-connected equipment — a terminal for bonding thé\ grounding

I portable or stationary equipment — a multiple-conductor ‘cord with a ground

k.
L

ellow stripes and no other lead shall be so identified.

ig and shall be connected within thezframe or enclosure by means of a scre
Huring servicing not involving the\power-supply cord. A grounding conduiictor shall be

oot +lo al +. H 4 o +ha. fialal
CTit Uiat Uuic CUTTUUTLLUT 1o TTUL UoTuUu 1t e 11Ty,

iple-conductor cord to the enclosure, and
frame or enclosure of the equipment. The line fitting of such a cord, shall ha
ting member for the grounding conductor.

urface of an insulated grounding conductor of a-flexible cord shall be green
rounding conductor of a power-supply_cord shall be attached to the groundi
hat an external pull on a power-supply cord will not transmit stress to

a frame or enclosure beforg\ine-voltage connections are broken.

itry shall be arranged“so that an equipment-grounding connection or

single-pointréference ground may be employed in a low-voltage or isolated-

cuit. An-eficlosure, frame, or panel, including bolted joints, may carry the
cuit._Stich current shall not be carried by a field-equipment grounding mea

her\power-supply grounding means, or earth ground in either case.

le equipment:

conductor of

ng conductor
ve a fixed

ith or without

g blade of an
w not likely to

he grounding

conductor, an
except in the

imited-energy-
P current of a
ins, a metallic

21.4.15 The grounded-circuit conductor shall not be grounded at or in conjunction with
temperature-indicating and -regulating equipment.
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22 Bonding of Internal Parts
22.1 General

22.1.1 Equipment required to be grounded or grounded if not required as specified in 21.1.1 and 21.1.4,
and an exposed noncurrent-carrying metal part that is likely to become energized through electrical fault
—see 21.1.3 — shall be reliably bonded to the point of connection of the field-equipment grounding means.

22.1.2 A guard, baffle, or cover that can be removed without a tool is to be removed when determining
whether a part is exposed to contact by the user. A part that can be contacted by a 3/8-inch (9.5-mm)
diameter rod having a hemispherical end inserted through an opening in a permanently attached guard or

baffle for a distance of 4 inches (102 mm) is considered exposed for the purposes of grounding.

22.1.3 Uninsy
mounting bra
interconnectin
if they may bé
this requireme

22.1.4 Opera
time of install
resetting over
Users and Se

22.1.5 A part
disassembly q
to be exposed

lated metal parts such as cabinets, electrical enclosures and covers, mat
Lkets, controller mounting frames and brackets, capacitors, other elgCtrica
O tubing and piping, valves, and plumbing accessories, shall be electrically ba

contacted by a user or serviceperson. See 22.1.5 — 22.1.7 and"22!1.9 for
nt does not apply.

ions and adjustments that subject parts to contact by a user include action
Ation and during normal use, such as seasonal adjustments, relamping, re
oad devices, and oiling motors. These procedures™and those specified in
r'vice Personnel, Section 23 subject parts to contact by a serviceperson.

on the back side of a component mounting pariel and a part located so as tQ
y using tools are not considered to be exposed to the user; such parts are 1
to a serviceperson unless it is likely that servicing will be performed while

is energized dfter disassembly.

22.1.6 A metal part, such as an adhesive-attached metal-foil marking, a screw, or a handle

on the outsidg
metal parts s
uninsulated iy

22.1.7 The rq
fastener, such
contactor.

22.1.8 Uninsu
contactor mag

of an enclosure or cabinet and isolated from electrical components and wirin
b that it is not likely to~-become energized, or separated from wiring and
e parts as if it were a greunded part, need not comply with the requirement

quirement in 22(1)y does not apply to a small internal assembly screw,

as a rivet, a handle for a pull-out disconnect switch, or a magnet or armatur

lated Jive parts and wiring shall be held away from moving parts, such
nets and armatures, by clamping, routing, or equivalent means that will prov

separation.

pr frames and

components,
nded together
parts to which

5 taken at the
placing fuses,
Protection of

require major
ot considered
he equipment

that is located

) by grounded
spaced from
n22.1.1.

br other small
e of a relay or

as relay and
de permanent

22.1.9 A metal panel or cover need not comply with the requirement in 22.1.1 if:

a) The panel or cover is insulated from electrical components and wiring by an insulating
barrier of vulcanized fiber, varnished cloth, phenolic composition, or other moisture-resistant
material not less than 1/32 inch (0.8 mm) thick and reliably secured in place;

b) The panel or cover does not enclose uninsulated live parts, and wiring is positively
separated from the panel or cover so that it is not likely to become energized; or
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c) The panel or cover is isolated from live parts and wiring by grounded or bonded interposing
metal so that the interposing metal would be subject to an electrical fault before the isolated
metal part in question.

22.1.10 If a component such as a compartment temperature-control thermostat or a defrost timer is likely
to be separated from its normal grounding means after installation in an end-use appliance for purposes
of testing or adjustment while the equipment is energized, it shall be provided with a bonding terminal or

with a bonding conductor so that it is not necessary to remove it from the component for such service.

22.2 Construction and connection

22.2.1 Parts shall be bonded by metal-to-metal contact or by a separate bonding jumper in accordance

with 22.2.2 —

29 .92 0

22.2.2 A sepd

ayapy arpv

rate bonding conductor shall be copper, a copper alloy, or other materialacce

as an electrical conductor.

22.2.3 A ferr
galvanizing, p

bus metal part in a grounding path shall be protected againstocorrosion
ating, or other equivalent means.

22.2.4 A separate bonding conductor or strap shall be protected from’mechanical dama

located within
any purpose (g
replacement @

an outer enclosure or frame, and shall not be secdred by a removable fas
ther than bonding unless the bonding conductor is/unlikely to be omitted afte
f the fastener.

22.2.5 The ends of a bonding conductor shall be in metal-to-metal contact with the parts

22.2.6 A splid
22.2.7 An int
field-installed
terminal if:
a) Th
b) Th

c) Th
specif

e shall not be employed in a wire used for bonding purposes.

prnal connection for bonding idternal parts to an enclosure for grounding,
jrounding conductor or for the-grounding wire in a supply cord, may employ a
£ connector is not likely to be displaced,

E terminal has ‘the dimensions specified in Table 22.1, and

e component is limited to use on a circuit having a branch-circuit protective ¢
ed in Table 22.1.

bptable for use

by enameling,

je or shall be
lener used for
r removal and

to be bonded.

but not for a

quick-connect

evice as
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Table 22.1
Quick-connect terminals for grounding internal parts

Nominal size of terminal, inch Rating of branch-circuit
rotective device, amperes
Width Thickness Length P P
0.187 0.020 1/4 20 or less
0.187 0.032 1/4 20 or less
0.205 0.032 1/4 20 or less
0.250 0.032 5/16 60 or less

22.2.8 A separate component-bonding conductor shall not be smaller than:

a) Thpt specified in Table 22.2,
b) The conductor supplying the motor or component, whichever is the smaller, or

¢) The bonding conductor shall comply with the performance requirements in Bonfling
Conddictor Tests, Section 59.

Table 22.2
Bonding conductor size
Rating or setting of Size of bonding conductor 2
automatic overgurrent
device in cirpuit
ahead of equigment, Copper wire, AWG  [Aluminum wire, AWG  Rigid conduit or pipe, Electijcal metallic
conduit, and the like, inches tubipg, inches
not exceeding,
ampere
20° 12 10 1/2 1/2
30 10 8 1/2 1/2
40 10 8 1/2 1/2
60 10 8 1/2 1/2
100 8 6 1/2 1/2
200 6 4 1/2 1
400 3 1 3/4 1-1/4
600 1 2/0 3/4 1-1/4
800 1/0 3/0 1 2
1000 2/0 4/0 1 2
1200 3/0 250 kemil 1 2
2 Or equivalent cross-sectional area.
b For a cord-connected device, the grounding wire in the cord may be the same size as the current-carrying conductors.

22.2.9 If more than one size of branch-circuit overcurrent protective device is involved, the size of the
bonding conductor is to be based on the rating of the overcurrent device intended to provide ground-fault
protection for the component bonded by the conductor. For example, if a motor is individually protected
by a branch-circuit overcurrent device smaller than other overcurrent devices used with the equipment, a
bonding conductor for that motor is to be sized on the basis of the overcurrent device intended for
ground-fault protection of the motor.
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23 Protection

23.1 General

23.1.1 There

of Users and Service Personnel

quirements in this section do not apply to live parts in low-voltage circuits.

23.1.2 Live parts shall be arranged and covers located so that persons are not likely to be exposed to a

risk of electric

shock while removing and replacing a cover.

23.1.3 Live parts shall be:

a) Recessed at least 1/8 inch (3.2 mm) from the plane of the front of the fixed portion of an

enclos

b) Re
devicg

oty

cessed at least 1/8 inch from the front edge of a wiring compartment,_ii\the
mounted to the face of a wiring compartment; or

c) Provided with equivalent protection by projections or guards.

23.1.4 To determine whether live parts recessed or protected in accordance with 23.1.3 ¢

requirement irj
cover with a li

23.1.5 Unlesy
live parts are
be arranged

operating med

23.1.6 A dev

23.1.2, the cover is to be removed and replaced; contact-of either a person g
e part is unacceptable.

a cover complies with the requirements for hinged covers in 7.3.4 and 7.3.7,
protected as specified in 23.1.7, a handle, a knob, or other manual operatin
50 that it can be operated from outsidecthe control enclosure. The positig
ns shall be marked, if necessary, as a:guide for proper operation.

ce that involves manual operations that may be performed by a user only

installation, dyring a servicing procedure, orxseasonally, need not comply with 23.1.5 if it

the requireme
Parts, Section

23.1.7 An un
guarded, or e
lamp or fuse,
performed onl

23.1.8 A live
23.1.7, 23.2.2
guarded to re

nts in 23.1.7, 23.2.2, 23.2.5;423.3.2, and 23.3.3. The requirements in Bond
22 apply in any case.

nclosed so as to feduce the likelihood of contact of such part by a person wh
lubricating a motor, adjusting a control, or during other normal operations, i
y at the time.0f installation, during a servicing procedure, or seasonally.

heat_sink’ for a solid-state component, a live relay frame, and the like sha
and 23.3.2, and unless the equipment is marked in accordance with 74.4
luce the risk of contact by persons, regardless of the location of the parts.

case of a

bmply with the
r a conductive

and unless all
g means shall
n of such an

at the time of
complies with
ng of Internal

nsulated live part or\moving part capable of causing injury to persons shall be located,

ile changing a
hcluding those

[l comply with
shall also be

Exception:

need not comply.

If the part is considered exposed to contact by a user as provided in 23.1.10 and 23.1.11, it

23.1.9 With reference to 23.1.7, the size, shape, material, and color give a heat sink or relay-frame the
appearance of a dead metal part. Other live parts that can be mistaken for dead metal parts are to be
investigated similarly.
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23.1.10 A guard, baffle, or cover that can be removed without a tool is to be removed when determining
whether a part is exposed to contact by a user. A part that can be contacted by a 3/8-inch (9.5-mm)
diameter rod having a hemispherical end inserted through an opening in a permanently attached guard or
baffle for a distance of 4 inches (102 mm) is considered to be exposed for the purpose of protecting
persons.

23.1.11 A part on the back side of a component mounting panel or located so that major disassembly by
using a tool is necessary to expose it is not considered to be exposed to a user; such a part is not
considered to be exposed to a service person unless it is likely that servicing will be performed while the
part is energized after disassembly.

23.1.12 If a marking or an operating instruction refers a user to a hole or opening in an enclosure through

which a tool i
uninsulated liv

23.1.13 A livg

23.1.14 A live
provided with

Exception: A
23.2 Mechan

23.2.1 The reg

a serviceperson performing a mechanical function on energized equipment. Such a service

not in itself cg
commonly ne

23.2.2 An un
guarded, or €
resetting a cq
equipment en

23.2.3 Mechq
operating a v
system; adjus
control with or
adjusting an g
as described
considered to

+ [N H taocl £ P2 H + + H | ok all 4+ Lo dal
U VT THOoTTICU TUT AUJUOSUITITTIU UT A orfTiidar  puUrpuot, Tt ofAall Tt vt YU O OTJT

e part through a hole or opening with a 1/16-inch (1.6-mm) diameter rod,
adjustment means shall not be accessible for user operation.

service adjustment shall be insulated from contact by personsior metal tod
a fixed cover that cannot be removed with an ordinary tool,

factory only adjustment that is obviously a live part need-not be so guarded|
cal servicing
quirements specified in 23.2.2 are intended to\provide a reasonable degree ¢

\use exposure to live parts or moving_parts capable of causing injury to pe
essary to perform the function with_the equipment energized.

nsulated live part or a moving«part capable of causing injury to persons sh
hclosed so as to reduce the'risk of unintentional contact by a serviceperso
ntrol, or performing a meghanical service function that may have to be p
brgized.

nical service functions that may have to be performed with equipment ene
Ive or connecting a fitting that may be necessary during charging or adjustin
ing a water.control, or expansion valve; adjusting the setting of a temperatu

ir-flow~damper or lubricating a motor. A control that has the set point sealed
in13*1 — 13.4 and that does not have marking or instructions for adju

be_adjustable.

to contact an

Is, or shall be

f protection to
function does
rsons but it is

all be located,
n adjusting or
erformed with

rgized include
J a pneumatic
re or pressure

without.marked dial settings; resetting a control trip mechanism; operating a fnanual switch;

at the factory
stment, is not

23.2.4 The requirements in 23.2.2 do not apply to a mechanical service function that is not normally
performed with equipment energized, such as opening a drain plug, adjusting or replacing a drive belt or
replacing a refrigerant-containing component.
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23.2.5 An adjustable or resettable electrical control or manual-switching device may be located or
oriented with respect to uninsulated live parts so that manipulation of the mechanism for adjustment,
resetting, or operation can be accomplished in the normal direction of access if uninsulated live parts are
not located in front — in the direction of access — of the mechanism, and are not located near any side or
behind the mechanism, unless guarded.

23.2.6 The requirements in 23.2.2 — 23.2.5 do not apply to bare live parts in a 30-volt or less

limited-energy circuit.

23.3 Electrical servicing

23.3.1 The requirements in 23.3.2 specify the location of certain electrical components within an overall

assembly so
energized.

23.3.2 An eld
the equipmen
respect to gr
serviceperson
component sh

23.3.3 Compl
an assembly 9

in the outer cabinet, if provided, and the cover of the control @ssembly enclosure.

23.3.4 Electri
overload rela
resettable

r
incremental-vq)ltage tap, and motor-speed tap terminals for variable-speed motors. Such co

limited-energy|
bare live partg

23.3.5 A tota
be accessible

23.3.6 The fd
solenoids, an
overwraps at |

windings; terninals and’ splices with acceptable insulation; and insulated wire.

23.3.7 A devi

+ 4l H idad £ [P +ho + hila +lo
rat e TicLCoodly opaLt 1o PJTUVIUTU TUT VWUITRNITTY UTT T CUTTTPUTTTTILO VVITTITC U

ctrical component that may need to be examined, adjusted, serviced,lor ma
[ is energized shall be located and mounted with respect to other-compon
bunded metal parts so that it is accessible for electrical servicing withou
to a risk of electric shock or to a risk of injury by adjacent/moving partg
all not be impeded by other components or by wiring.

ance with the requirement in 23.3.2 may be obtair€d*by mounting control ¢

o that unimpeded access to each component is_previded through an access

cal components to which 23.3.2 and 23:3:3  apply include fuses; adjustablg
s, manual or magnetic motor controllers; magnetically operated relays;
essure or temperature controtlers; manual switching devices; d

in a circuit of greater energylevel and to moving parts capable of causing injy

y enclosed current or,potential-type start relay for a single-phase motor is 1
in accordance with 23.3.2 and 23.3.3.

llowing are not_considered to be uninsulated live parts: coils of controlle

past 1/32%nch (0.8 mm) thick, or the equivalent, in accordance with 32.2.13; e

equipment is

intained while
ents and with

subjecting a
. Access to a

omponents in
cover or panel

or resettable
adjustable or
lock timers;
mponents in a

circuit of 30 volts or less shall‘comply with the requirements in 23.3.2 in their relation to

ry to persons.

ot required to

s, relays and

i transformerywindings, if the coils and windings are provided with acceptable insulating

nclosed motor

ce.having exposed Class 2 outputs that:

a) May be contacted during normal operation or servicing, and

b) Have clearances between the Class 2 circuit and an overvoltage protected line-voltage
circuit that have been evaluated in accordance with Clearance B requirements in the Standard
for Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840, shall be provided with a mechanism to indicate the failure of the
overvoltage protective device or system. For example, the provision of a detection circuit that
would indicate a transient voltage surge suppressor is no longer functional due to the
absorption of an excessive amount of energy.
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24 Protection Against Injury to Persons
24.1 Scope

24.1.1 The requirements in 24.2.1 — 24.6.8 apply to equipment the normal operation of which may involve
a risk of injury to persons.

24.1.2 There are risks of injury to persons inherent in some equipment that, if completely eliminated,
would defeat the utility of the equipment. The requirements in this section are intended to minimize such

risks, while retaining the normal function of the equipment.

24.2 Sharp corners and edges

24.2.1 A part
and edges.

24.3 Moving

24.3.1 A hing
or swinging d
or cover, by o

24.3.2 Thero
injury to persg
part.

24.3.3 Among
are:
a) Th
b) Th
c) Th
d) Th

e) Th

24.3.4 Unlesy
causing injury

subject to contact during normal operation and user servicing shall be freg\of

barts
ed or pivoted panel or cover shall be positioned or arranged Sethat it is not sy

e to gravity or normal vibration in such manner as to causeinjury to person
her moving parts capable of causing injury or by uninsulated live parts. See 2

ns shall be enclosed or guarded to reduce the (isk of unintentional contact wj

the factors to be considered in investigating the acceptability of an expose

e degree of exposure,

£ sharpness of the moving part,

e likelihood of unintentional contact with it,

e speed of thelmoving part, and

e likelihood-that fingers, arms, or clothing would be endangered by the movi

it.complies with the requirement in 58.1, a guard or enclosure for a moving |

sharp corners

bject to falling
5 by the panel
B.2.2 —23.3.4.

tor of a motor, a pulley, a belt, gears, a chain, a fan, or other moving part that could cause

ith the moving

d moving part

g part.

art capable of

to.persons shall be secured to the equipment so that it cannot be removed W

ithout using a

tool.
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24.4 Temperature

24.4.1 During the Temperature Test, Section 40, the maximum temperature of a handle, a lever, a button,
or a knob that is contacted by a user during normal operation shall not exceed 60°C (140°F) for a metal
surface or 85°C (185°F) for a nonmetallic surface.

24.4.2 With reference to the requirement in 24.4.1, a nonmetallic handle, lever, button, knob, or the like
that is plated or clad with metal 0.005 inch (0.13 mm) thick or less is to be investigated as a nonmetallic
part.

24.4.3 The maximum temperatures specified in 24.4.1 do not apply to equipment intended specifically for

use in an ambient temperature exceeding 85°C (185°F).

24.5 Mountin

24.5.1 A devi
own enclosur
withstand for
to three times

24.5.2 With t
through the a
the required Vv

24.6 Strength

24.6.1 A devi
flexible metal
an enclosure,
maximum rate

24.6.2 To determine whether a part complies with the requirement in 24.6.1, a sample is t

to a hydrostat|
to a hydraulig
indicated in 24
rupture.

24.6.3 Leaka
a pressure 50

) devices

Ce weighing more than 5 pounds (2.3 kg) and relying on a mounting means
b, if malfunction of the mounting means will result in a risk of\injury to

| minute, without dislocation of the mounting means or evidence_of damage

e device mounted in accordance with the manufacturer’s-instructions, force is
pproximate center of gravity of the device. The forceNs to be increased grag
alue in 5 — 10 seconds and is to be maintained atthat value for 1 minute.

of parts

ce that is actuated by an external source“of pressure and that employs a bg
pellows, a diaphragm, or the like rated>300 psig (2069 kPa) or more and not cqg
shall withstand for 1 minute witheut bursting a hydraulic pressure equal to
d operating pressure of the device.

C pressure test. The sample is to be filled with water to exclude air and is to
pump. The pressure, is to be raised gradually to the required test pressy
1.6.3 — 24.6.7, thé sample is to withstand the test pressure for 1 minute with

e at a gasket or fitting during the hydrostatic pressure test is acceptable unlg
percent-or less of the required test pressure.

24.6.4 If leak

other than its
bersons, shall
a force equal

the weight of the device but not less than 20 pounds (9.1 kg) ‘applied as descijbed in 24.5.2.

5 to be applied
ually to reach

urdon tube, a
ntained within
four times the

be subjected
be connected
re. Except as
but leakage or

Ss it occurs at

age) occurs during the test, the test is to be continued to four times the m

aximum rated

operating pressure of the device, test equipment permitting. If the leakage is due to external fittings,
modifications may be made to permit completion of the test.

24.6.5 A bourdon tube, a flexible-metal bellows, a diaphragm, or the like that is contained within an
enclosure shall comply with the requirement in 24.6.1 or shall:

a) Withstand for 1 minute without visible leakage a hydraulic pressure in accordance with the

secon

d column of Table 24.1; and

b) Except as indicated in 24.6.7, withstand a hydraulic pressure for 1 minute equal to four times
the maximum rated operating pressure of the device without rupture that may present a risk of

injury

to persons.
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Table 24.1
Test pressures for devices with enclosures

Marked maximum operating-pressure Test pressure for (a) of
rating 24.6.5 24.6.7
300 — 2000 psig (2069 — 137,900 kPa) | Two times maximum rated operating Three times maximum rated operating
pressure pressure

24.6.6 With reference to 24.6.5(b), a bourdon tube, diaphragm, or bellows may split if no part is released
outside the enclosure; a joint or a gasket may leak with acceptable results if the required pressure value
is reached and maintained for 1 minute; a leaking gasket or flexible member may be replaced by a heavier

disc to permit
24.6.7 With r
reasonably bg
if:
a) A
b) Ng

c) Itd
outer

the dg

equal

24.6.8 A pr
hydrostatic-st
Boiler and Pr
symbol.

25 Capacitors

25.1 A capac
of fire. It shall

of normal us€g

capacitor and

s
%ngth tests consistent with the intended use unless it is certified by the Nat

the required pressure value to be reached.

pference to 24.6.6, if leakage becomes excessive so that the four times \or
reached — that is, if the part functions as if it has a ruptured disc — the\part
pressure in accordance with the third column in Table 24.1 is reached;

part capable of causing injury to persons is released outside the enclosure;
an be demonstrated by test — which may be at a laWw\pressure — or otherwis
enclosure can either relieve a pressure equal to the maximum rated operatin
vice without rupture that presents a risk of injury;to persons, or can withstan
to the maximum rated operating pressure.

sure vessel, an air filter, a piston~operator, or similar device sh

ssure Vessel Inspectors and bears 'an ASME Code inspection symbol othe

not be adversely(affected by the temperatures it reaches under the most seV
. A paper capacitor shall be impregnated or enclosed to exclude moisture.
a capacitor«iatended for connection directly across the line shall be rated for t

pssure cannot
is acceptable

and

e, that the
g pressure of
d a pressure

pall withstand

onal Board of
r than the UM

tor shall employ such. materials and shall be constructed so that it will not constitute a risk

ere conditions
An electrolytic
he application.



https://ulnorm.com/api/?name=UL 873 2015.pdf

FEBRUARY 6, 2015

TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873

57

26 Fuseholders

26.1 A fuseholder shall be of either the cartridge-enclosed or plug-fuse type. Plug fuses are limited to use
with equipment rated not more than 125 or 125/250 volts.

26.2 Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, and the applicable Part 2 (e.g. UL 4248-9).

26.2 revised February 6, 2015

27 Receptacles

27.1 Areceptacle provided on equipment that is grounded as required by 21.1.1 shall be of the grounding

type. Recept

28 Protection

28.1.1 A con
protective de\
Table 28.1 by

Exception No.,
the applicabld
marked in acq
Exception No
a A
b) A

c) A
a prin

d) SH
Cconnes

devicg. See 16.2.1.6.

Exception No,

of Control-Circuits

uctor of a control circuit that is connected to the load side ofva branch-circyit short-circuit

ice — common control — shall be provided with overcurrént protection in ag
a protective device located within the controller. See 28.1.2.

1: If the rating of the intended branch-circuit short<ircuit protective device is
value specified in Table 28.2, additional protection is not required provided t
ordance with 69.15.

2: The protection and marking required do not apply to:

Control circuit conductor that is not-smaller than the main circuit conductors;

imited-energy control circuity"such as a Class 2 circuit;

bhort, direct lead, generally 12 inches (305 mm) long or less, such as transfg
fed-wiring assembly having no connection external to the controller; and

ort, direct leads_from contacts of a thermostat, pressure-operated switch, or
ction withinsthe enclosure to field wiring that will be protected by a remote p

3.:[he protection requirements do not apply to a lead, a strap, or a bus that

applicable sh

Dri-circuit test in accordance with the requirements in Short Circuit Test, Sé

cordance with

not more than
he controller is

rmer leads or

the like for
otective

withstands the
bction 50. The

controller shall be marked as specified in 69.16.

Exception No. 4: A control-circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device(s) located on the primary side of the transformer if the rating of the device does not
exceed the applicable value specified in Table 28.2 multiplied by the ratio of secondary-to-primary rated
transformer voltage.
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Table 28.1
Overcurrent protection

Control-circuit wire size, Maximum rating of protective device,
AWG (mm?2) amperes
22 (0.32) 3
20 (0.52) 5
18 (0.82) 7
16 1.3) 10
14 (2.1) 20
12 (3.3) 25
Table 28.2

Control circuit short-circuit protection

Control-circuit wire size, Maximum rating of protective device, amperes
AWG (mm?2) Circuit does not leave Circuit leaveg enclosure
enclosure
12 (0.32) 12 3
4o (0.52) 20 5
18 (0.82) 25 7
16 (1.3) 40 1p
14 (2.1) 100 4p
12 (3.3) 120 6p

28.1.2 The pfotective device required by 28.1.1 shall be either a supplementary or a|branch-circuit
overcurrent-protective device. A fuse shall be factory installed in a supplementary fuseholdgr, but may be
omitted if a branch-circuit-type fuseholder is provided. The controller shall be marked in agcordance with
69.17. If the ¢ontroller has a rating of more<than 50 horsepower (37 kW output), only a|branch-circuit
overcurrent-priotective device rated for the-available fault current involved shall be used. If & fuse is used,
it shall be Clags CC, G, J, K, R, or T, and-the fuseholder shall be appropriate for the fuse ysed. See also
50.3.1.

28.1.3 Internal conductors of.a ¢ontrol circuit that are connected to a remote source of gupply — not a
common contfol — shall be provided with overcurrent protection in accordance with Table 28.1 or the
controller shall be markedkin*accordance with 69.18. The internal conductors shall not be smaller than 20
AWG (0.52 mm?).

Exception Noj 1:xThese requirements do not apply to a limited-energy control circuit, such as a Class 2
circuit.

Exception No. 2: These requirements do not apply to a short, direct lead, generally 12 inches (305 mm)
long or less, such as transformer leads or a printed-wiring board assembly.

Exception No. 3: These requirements do not apply to short, direct leads from contacts of a thermostat,
pressure-operated switch, or the like for connection within the enclosure to field wiring that will be
protected by a remote protective device.

Exception No. 4: These requirements do not apply to a lead, a strap, or a bus that withstands the
applicable short-circuit test in accordance with the requirements in Short Circuit Test, Section 50. The
controller shall be marked as specified in 69.16.
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Exception No. 5: A control-circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located on the primary side of the transformer if the rating of the device does not
exceed the applicable value specified in Table 28.2 multiplied by the ratio of secondary-to-primary rated
transformer voltage.

28.2 Transformers

28.2.1 Protection of a transformer is considered to be protection of the coil windings, and is distinct from
protection of inherent or connected conductors in the primary or secondary.

28.2.2 A control circuit transformer shall be provided with one or more of the following types of
overcurrent preteetton:

a) An overcurrent device located in the primary circuit that is rated or set as(indicated in Table
28.3;

b) Selcondary circuit protection rated or set at not more than 125 percent of the rated
secondary current of the transformer if the primary feeder circuit has/protection rated or set at
not mpre than 250 percent of the rated primary current of the tfansformer;

Excefjtion: If the rated secondary current of the transformer is 2 amperes or mofe, the current
rating| of the secondary overcurrent device may be as“indicated in line 2 or 3 of [able 28.3, as
applidable.

c) Coordinated thermal overload protection arranged to interrupt the primary circuit if the
primafy circuit overcurrent device is rated or_set to open at a current of not more than:

1) For a transformer having notumore than 6 percent impedance, six timeg the rated
current of the transformer; or

2) For a transformer having more than 6 but not more than 10 percent impedance, four
times the rated current-of the transformer.

Exception No. 1: Oveércurrent protection need not be provided if the primary|feeder circuit
overclirrent device provides the required protection of primary and secondary cirduit conductors
and windings.

Excefjtion No--2: Overcurrent protection of the windings or secondary circuit wiring need not be
provided~if the transformer is rated less than 50 volt-amperes and is an integfal part of the
contrgllepof a Class 2 or Class 3 type that complies with the requirements for sucl devices. See
28.1.1 or 28.1.3 for primary circuit conductor protection.

Exception No. 3: Overcurrent protection of the primary winding need not be provided for a Class
1 power-limited transformer that complies with the National Electrical Code, ANSI/NFPA 70-1993.
See 28.1.1 or 28.1.3 for primary and secondary circuit conductor protection.
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Table 28.3
Maximum rating of overcurrent device

Current, amperes Maximum rating, percent of transformer primary current
rating
Less than 2 500
More than 2 and less than 9 167
9 or more 1252

a If 125 percent of the rated primary current does not correspond to a standard rating of fuse or nonadjustable circuit
breaker, the next higher standard rating of protective device may be used. For the purpose of this requirement, the
standard ampere ratings for fuses and inverse time circuit breakers are considered 15, 20, 25, 30, 35, 40, 45, 50, 60, 70,
80, 90, 100, 110, 125, and 150.

29 Short-Circ

29.1 Motor o
examined and

29.2 Equipmsq
with 50.3.1. S

29.3 Controls
incorporate e
relevant requ
Ground-Fault

29.4 The EGH
If the control i
EGFPD functi
requirements
Solid-State D

evaluated in accordance with the Standard for Software in Programmable Components

Software Clas

29.5 An ice 4
control normal
69.27.

iit, Ground-Fault, Overload, and Thermal Protection

erload relays, thermal protectors for motors, and impedance-protected’ mo
tested in accordance with the requirements for such devices.

nt having a rating of more than 50 horsepower (37 kW output).shall be tested
be 69.22.

intended for use in fixed outdoor electric deicing¢and snow-melting e
uipment ground-fault protective devices (EGFPB).in its design, shall co
rements of this standard and also the referenced requirements of the
Sensing and Relaying Equipment, UL 1053. Also see 38.10.

29.3 added January(6; 2012

5 not provided with an alarm or test'means to indicate an inoperative EGFPD
bn of the control shall be evaluated as a protective function in accordance wi
of this standard, and the.Standard for Tests for Safety-Related Contrg
bvices, UL 991. If softwarévis relied upon as part of the electronic contr

s 1.
29.4 revised February 6, 2015

nd snow melting equipment control may be provided with a common switc
operation and provide EGFPD functionality. The control shall be marked in ag

29.5 added January 6, 2012

tors are to be

in accordance

juipment that
mply with the
Standard for

FPD circuit of an ice and snow-melting-equipment control shall comply with se¢ction 38.10.1.

condition, the
h the relevant
Is Employing
ol, it shall be
UL 1998, as

hing device to
cordance with
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30 Mercury-Tube Switches

30.1 A mercury-tube switch shall be rated for the application. It shall be firmly supported, reliably
mounted, and housed in an acceptable enclosure. Wire leads shall be as short as possible and shall
terminate in eyelets or the equivalent, or in soldered connections at terminal plates on the supporting

base, or shall

31 Coil Windi

be fastened so that no stress will result. See also 47.1.9 and 47.1.10.

ngs

31.1 Coil windings of a motor, relay, or transformer, shall resist the absorption of moisture.

31.2 Materials used in a

with the mag
1446.

31.3 All insul
specified in th

32 Spacings
32.1 General

32.1.1 Alive
(3.2 mm) in th
temperature 1
65°C (149°F).

Exception: I
recessed, and
by the provisi

32.1.2 A spaq
as in intended

31.2 added January 6, 2012

ption systems employing integral ground insulation shall comply ‘with the
e Standard for Systems of Insulating Materials — General, UL 1446.
31.3 added January 6, 2012

screwhead or nut on the underside of a base*shall be countersunk not lesg
e clear, and covered with a waterproof, inSulating, sealing compound that wi
5°C (27°F) higher than the normal operating temperature of the device, buf

such a part is staked, upset, or.etherwise reliably restricted from loosening,
may be insulated from the-nmaounting surface by material other than sealing
bn of spacings through air;and over surface as required in this standard.

s shall comply
- General, UL

requirements

than 1/8 inch
| not melt at a
not less than

it need not be
compound or

ing at a wiring terminal is to be measured with appropriate wires connected t¢ the terminals

service.
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32.1.3 For the purpose of these requirements, the voltage and volt-ampere ratings are those recorded
with the equipment connected to a supply circuit as specified in Table 38.1.

32.1.4 Uninsulated live parts connected to different circuits shall be spaced from each other as if they
were parts of opposite polarity, in accordance with the requirement in 32.2.1, and shall be investigated on
the basis of the highest voltage involved.

32.2 Line-voltage circuits

32.2.1 Other than as indicated in 32.2.2, 32.2.8, 32.2.11, 32.2.12, 32.3.1, 32.3.2, and as provided in
Alternate Spacings — Clearances and Creepage Distances, Section 33, spacings shall not be less than
those specified in Table 32.1. Greater spacings shall be provided in an enclosure that because of its size,
shape, or the praterai-tset—isrotstificientyrigit-to-maimtainthe-rrini .

/ OTC

32.2.2 The spacings specified for a 0 — 300 volt potential in columns B, C, and_D"of Tlable 32.1 are
applicable to ¢quipment or circuits rated not more than 15 amperes at 51 — 150 voltsyand 10 amperes at
151 — 300 vofts. The spacings specified for a 301 — 600 volts potential in column B of Table 32.1 are
applicable to ¢quipment or circuits rated not more than 5 amperes at 301 — 600 volts.

Table 32.1
Minimum spacings, inch (mm)

Maximum rating of Maximum Maximum rating Maximum rating pf 600 volts,
600 volts, unlimited rating of 600 of 300 volts, unlimited volt{amperes
volt-amperes volts, 2000 2000 volt- ] ]
volt-amperes amperes Controls for |nst_a lation on or
in appliahces
A B C D E F
General ! Industrial Residen- | Refrig- | Water heater Other
operating tial eration | and hot tub/ controls "$
controls ™" pperating and spa controls A
controls | safety
mo  lcontrols
I,m,p
Potential 0- 151°- | 301 - 0 - 301- | 0-300 | O-300 0 - 301 - 0 - 301 -
involved, volts 150 300 600° 300 600 300 600 300 600
Between any | |Through | 3/8%€ | 1/4¢ | 3/ [1/16%€ [ 3/169¢ | 1/169 1/8de | 1/8def | 1/4¢ []1/16 |1/4 e,g
unisulated live | | air or oil (3.2) | (6.4) | (9.5) (1.6) (4.8) .e.f,g
part and an
uninsulated livg
part of opposit¢
polarity, an
uninsulated
grounded dead
metal part other
than the
enclosure, or
an exposed
dead metal part
that is
insulated®
Over 1/4¢ | 3/8% [ 1/2¢ | 1,8%¢ | 3/ge | 1/16%¢ | 1/4° | 1/48f | 1/4° | 116 |l eg
surface (12.7) c,d,e,
f,g,h

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Maximum rating of Maximum Maximum rating Maximum rating of 600 volts,
600 volts, unlimited rating of 600 of 300 volts, unlimited volt-amperes
volt-amperes volts, 2000 2000 volt- ] ]
volt-amperes amperes Controls for mst.allatlon on or
in appliances
A B C D E F
General ! Industrial Residen- | Refrig- | Water heater Other
operating tial eration | and hot tub/ controls ™S
controls ™" pperating and spa controls A
controls | safety
m.0 controls

Between any Shortest /2% | 172k 1/2 1/4 1/2 1/4 1/4 1/4 1/4 1/4 1/4
uninsulated livg | distance
part and the
walls of a metgl
enclosure,
including fittings
for conduit or
armored cable
i

a A control ratg
control dielectr

b For refrigerat|
a manually res
constant, start,
temperature, p
volts, in which
the applicable
¢ In a safety cg
terminals, regal
enclosure — sh
d The spacing
dead metal pa
strands of wire
€ In a water-he
control, the spg
shall not be leg
f At closed-in p
not less than 3
9 In a control,

limiting control
sides of a swit

d 50 volts or less that is not a safety control may have the spagings in column C, 0 — 300 volts
c voltage-withstand test is not required.

on and safety controls that are self-actuated, alternating-cusrent, pilot-duty contact devices — wih
et means and which have an external adjusting knob or handle, but not an operating one for su
and the like — rated not more than 125 volt-amperes; 301 — 600 volts, and responding to chang
essure, humidity, liquid level, and the like, the spacings may be those specified under column A
Case a representative sample of the device selected annually is to show acceptable results whqg
bverload and dielectric voltage-withstand tests--Operating controls of this rating are covered by

ntrol, a water-heater or hot tub/spa temperature-limiting control, and the like, the spacing betwe
dless of polarity, and the spacing between a wiring terminal and a grounded dead metal part —|
bl not be less than 1/4 inch.

between wiring terminals of oppaosite polarity and between a wiring terminal and a grounded or
t shall not be less than 1/4 inchAf short-circuiting or grounding of such terminals may result fron

pter or hot tub/spa temperature-limiting control, a baseboard-heater temperature-limiting control
cing between samg€ polarity live parts on opposite sides of a switching mechanism, except at ¢
s than 1/32 inch\(0:8 mm) through air and 1/16 inch over surface.

pints only, such.as the screw-and-washer construction of an insulated terminal in metal, the sp3
64 inch (£:2%mm).

ther than,a water-heater or hot tub/spa temperature-limiting control and a baseboard-heater te
intended for installation on or in an appliance, the spacings between same polarity live parts o

A production

ich may have
th as on, off,
es in

\, 151— 300

n subjected to
tolumn B.

len wiring
including the

hn exposed
N projecting

and a safety
bntact point,

cing may be

hperature-
opposite
64 inch over

Hing’ mechanism, except at contacted points, shall not be less than 1/32 inch through air and 3

surface.

volts.

h For a device with a 1/16 inch over-surface spacing, all electrical parts of the device are to be subjected to regular

production control dielectric voltage-withstand tests. The applied test potential shall be as specified in 47.1.1 — 47.1.6, with
an additional 20-percent voltage applied if the test time is 1 second instead of 1 minute.
i A metal piece attached to the enclosure is considered to be a part of the enclosure if deformation of the enclosure is likely
to reduce the spacing between the metal piece and uninsulated live parts.
I Spacing to a metal enclosure does not apply to the housing or frame of a device intended for installation within an end-
product enclosure.
kK For a household room thermostat rated 300 volts or less and intended for outlet box mounting, through air spacings

between an uninsulated live part and the top, bottom, and side walls of the box may be not less than 1/4 inch. Over-surface
spacings between those parts may be 1/4 inch in such a thermostat rated 0 — 150 volts and 3/8 inch in one rated 151 — 300

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Maximum rating of Maximum Maximum rating Maximum rating of 600 volts,
600 volts, unlimited rating of 600 of 300 volts, unlimited volt-amperes
volt-amperes volts, 2000 2000 volt- ] ]
volt-amperes amperes Controls for mst.allatlon on or
in appliances
A B C D E F
General ! Industrial Residen- | Refrig- | Water heater Other
operating tial eration | and hot tub/ controls ™S
controls ™" pperating and spa controls A
controls | safety
mo  lcontrols

1) O
the r|
spac

2) C
timer

3) C
temp
as m
plen

M See 32.2.2.

© Includes roon
P Includes inte
9 Includes watdg
"Includes cont
heaters, fans,
S Excluding lim|
the like.

" Includes contfols for boiler and furnace rooms, farms, outdeokUse, and the like.

ther than as noted in (3), an auxiliary control for refrigeration or air-conditioning equipment that
hting requirements in columns B and D of Table 32.1 and 32.2.2 at a rating of 600\volts or less
ngs specified in column B:

pntrols that may be judged under column B include those for a fan, pump, ‘of vane motor, resist
| valve; solenoid; compressor-motor-start winding, and the like [see 1.4(c)];

pntrols that are not to be judged under column B include compressor-motor control [see 1.4(a)]
erature, pressure, or other limiting control [1.4(b)]; or a control'that is subject to condensation o
ay occur within a refrigerated compartment of a refrigerator.er freezer or on the outside of an ai
m or duct.

N thermostats.
lock thermostats for self-cleaning oven, doors.
r-heater temperature-limiting controls.

ols for clothes dryers, ranges, airheaters, household and commercial cooking appliances, steal
eauty-parlor equipment, office appliances, temperature limiting controls for baseboard heaters,

ting controls for boilers, eentral furnaces, duct heaters, refrigeration equipment, heat pump duc

complies with
may have the

Ance heater;

a
defrost water
r-conditioning

n and dry bath
and the like.

heaters, and

32.2.3 With r
described alsq
line at one tim

amperes at 51

bference to the-requirement in 32.2.2, the spacings applicable to a devig
apply to that device when controlling more than one load if the total load co
e doesmot exceed 2 horsepower (1492 W output), or have a current rating g

e of the type
nnected to the
reater than 30

— 150wv0lts, 20 amperes at 151 — 300 volts, or 10 amperes at 301 — 600 volts.

32.2.4 To det

.1 and 32.2.2,

primine the rating of a device as referenced in columns B_C,_and D of Tahle 33

the input rating of the device is to be added to the rating of the equipment that the device is intended to
control. The sum of the inputs to and the switch ratings of the device is the rating. This applies to a device
that does not contain a number of individual components as mentioned in 32.2.6 and also to individual
components investigated in accordance with 32.2.6.
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32.2.5 The volt-ampere equivalent of a horsepower rating is the product of the voltage and the full-load
current as specified in Tables 45.3 and 45.4 and for a polyphase device, the appropriate numerical
multiplier.

32.2.6 In multicomponent equipment, spacings from one component to another, and from a component
to the enclosure and to other uninsulated dead metal parts, excluding the component mounting surface,
are based on the maximum voltage and total volt-ampere rating of the complete equipment; not on the
individual component ratings. Spacings inherent in an individual component such as a relay or a
temperature controller, including spacings from a live part to a mounting surface other than the enclosure,
are to be investigated on the basis of the volt-amperes used and controlled by the individual component.

32.2.7 For a multipole, a d
maximum sury w

32.2.8 Other
lampholder, g

terminals shal

32.2.9 Spacir]
water-heater
shall comply

32.2.10 Spac
dimensions fo

32.2.11 Anin
with the requi
liner that is us

than as noted in 32.2.9, spacings inherent in a component such as\a s
motor, or a clock motor are investigated under the requirements \for th
Spacings fronp such a component to another component and to the enclosuré, and spag

comply with the requirements in 32.2.1 and Table 32.1.

gs in a wiring device, such as a snap switch that is a ‘part of a safety-co
emperature-limiting control, a baseboard-heater temperature-limiting contrg
vith the requirements in 32.2.1 and Table 32.1.

ngs at a fuse and fuseholder are to be measured with a fuse that has maxi
I the rating in place and shall not be less than.those specified in column A o

sulating barrier or liner that is used to_provide spacings, including spacings
'ed over surface spacings, shall notcbe less than 0.028 inch (0.71 mm) thic
bd in conjunction with a spacing through air or oil not less than one-half the re

may be less

han 0.028 inch but not less than 0.013 inch (0.33 mm) thick, if the barrier

acceptable ingulating material resistant to meisture and has the necessary mechanical stren
or otherwise l|kely to be subject to meehanical damage, reliably held in place, and located
not be adversgly affected by operation-of the equipment in service — particularly arcing.

Exception:

insulating barrierymay be thinner than specified, as specified in 32.2.13.

32.2.12 An insulating bartier or liner used as the sole separation between live parts and d

or between i

parts of\opposite polarity shall be material that is rated for mounting uninsu

and is not les$ than+0.028 inch (0.71 mm) thick. Otherwise, a barrier shall be used in conj
least a 1/32-ifch0.8-mm) air spacing.

e rating is the
oad.

nap switch, a
e component.
ings at wiring

ntrol circuit, a
I, or the like,

mum standard
f Table 32.1.

in conjunction
K. A barrier or
uired spacing
or liner is an
gth if exposed
so that it will

rounded parts
ated live parts
inction with at

Exception: A

n insulating barrier may be thinner than specified as provided in 32.2.13.

32.2.13 Insulating material having a thickness less than that specified in 32.2.11 and 32.2.12 may be
used if, upon investigation, it is found to be acceptable for the application, and is equivalent in all respects
to materials of the thicknesses specified in 32.2.11.
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32.2.14 Mica used in lieu of the through-air spacing required in Table 32.1, may be less than 1/32 inch
(0.8 mm) thick but not less than 1/64 inch (0.4 mm) thick if the mica is tightly held in place by the parts
involved.

32.2.15 Film-coated wire is considered to be an uninsulated live part in determining the spacing
requirements in this standard.

32.3 Magnet coil windings
32.3.1 Insulation required in place of spacings between a magnet-coil winding and other uninsulated live

parts or grounded dead metal parts may differ in type and thickness from that required by 32.2.11. The
type and thickness of crossover-lead insulation and insulation under coil terminals secured to the coil

a) Th

b) Th

32.3.2 Aslot
a magnet-coil
winding, incre
in 47.2.1 — 47,

32.4 Low-volt
32.4.1 Safety|
32411 Ifa
device likely t
32.4.1.2 -32.
33.

32.4.1.2 Spad
connection of

29 9. 19 f.

oL Lo .

P insulation is at least 0.013 inch (0.33 mm) thick; or

1) Application of the test potential in accordance with 47. 1.3~ 47.1.6 bety
leads after breaking the inner coil lead where it enters thelayer, or an equ
opposite polarity test; or

2) Application of the induced potential tests deScribed in 47.2.1 — 47.3.2.
n a molded bobbin for guiding the crossover-"or start-lead — unspliced at the
is to be filled with an insulating material unléss the slot provides a graduated
asing to the end turns, and the magnet-coil winding withstands the induced
3.2.
age circuits

controls

Ehort circuit betweenithe parts in a safety control may result in operation of
b result in a risk of fire, electric shock, or injury to persons spacings shall be

e coil withstands the dielectric voltage-withstand test specified in-@ither (1) of

(2):

een coil-end
ivalent

windings — of
spacing to the
potential tests

the controlled
hs specified in

1.1.4, or as described in Alternate Spacings — Clearances and Creepage Distances, Section

be required if

ing between an uninsulated live part and the wall of a metal enclosure, incIu}

ing fittings for

conduit or armored cable, shall not be less than 1/8 inch (3.2 mm). A greatef spacing may
an_enclosure is not sufficiently rigid to maintain the required spacing becayse of its size,

shape, or the

material used.

32.4.1.3 Spacing between wiring terminals, regardless of polarity, and between a wiring terminal and a
dead metal part — including an enclosure — that may be grounded when the device is installed shall not
be less than 1/4 inch (6.4 mm).
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32.4.1.4 Spacing between uninsulated live parts, regardless of polarity, and between an uninsulated live
part and a dead metal part, other than the enclosure, that may be grounded when the device is installed
shall not be less than 1/32 inch (0.8 mm), if the construction of the parts is such that spacings will be
permanently maintained.

32.4.2 Other than safety controls
32.4.2.1 Other than as noted in 32.4.1.1 — 32.4.1.4, spacing between uninsulated live parts of opposite
polarity and between such parts and dead metal that may be grounded in service is not specified for a

low-voltage circuit.

32.5 Isolated limited secondary circuits

32.5.1 Safety|controls

32.5.1.1 If short-circuiting of parts in a safety control circuit of an isolated-limited-secondary| circuit will not
result in unsafe operation of the controlled device, the spacings shall not be_leéss’than that specified in
Table 32.2 orlas provided in Alternate Spacings — Clearances and Creepage Distances, Section 33.

Table 32.2
Minimum spacing in safety circuits in isolated-limited-secondary circuits

Spacing between uninsulated live Potential involved (volts)
barts and
0 - 600 601 — 1000
Inch mm Inch mm
A. Exposed isolgted Through air 1/8 3.2 1/4 6.4
(insulated) dead
metal part
Over surface 1/4 6.4 3/8 9.5
B. Grounded depd  Through air 1/16 1.6 3/16 4.8

metal part other
than the enclosyre

Over surface 1/16 1.6 3/16 4.8
C. Uninsulated lfve  Through air 1/16 1.6 3/16 4.8
part of opposite
polarity

Over surface 1/16 1.6 3/16 4.8
D. Wall of metallic ~ Through-air 1/4 6.4 1/2 12.7
enclosure

Over surface 1/4 6.4 1/2 12.7
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32.5.2 Other than safety controls

32.5.2.1 Spacing between uninsulated live parts of opposite polarity and between such parts and dead
metal that may be grounded in service is not specified for an isolated-limited-secondary circuit. The
spacing is based on acceptable performance of applicable dielectric voltage-withstand and abnormal
operation tests.

33 Alternate Spacings — Clearances and Creepage Distances

33.1 As an alternative to the specified spacing requirements of Spacings, Section 32, the spacing
requirements in the Standard for Insulation Coordination Including Clearances and Creepage Distances
for Electrical Equment UL 840 may be used. The spacmg requwements |n UL 840 shall not be used for
field wiring tegs F )n degree and
overvoltage category, the end-use application is to be con5|dered and may modify thosé)tharacteristics
specified in 33.2 — 33.5.

33.2 When applying specific requirements in UL 840, it is anticipated that the degree of pollution expected
or controlled will be as indicated in Table 33.1.

Table 33.1
Degrees of pollution

Equipment Pollution degree
Hermetically pealed or encapsulated equipment or printed 1

wiring boardd with a protective coating?@.

Equipment fgr ordinary locations and indoor use, such as 2

residential cgntrols, commercial controls for use in a clean
environment,|nonsafety controls for insulation on or in
appliances.
All safety or lmit controls, equipment for indoor use, @nd 3
equipment influenced by surrounding environment, such as
industrial conrols, refrigeration controls, and water heater
controls.

a Tested in afcordance with the protective coating test in the Standard for Insulation Coordination Including Clearances
and Creepagp Distances for Electrical Equipment, UL 840.

33.3 When applying specific(requirements in UL 840, it is anticipated that the equipment w|ll be identified
by overvoltag¢ categories.as-indicated in Table 33.2.
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Table 33.2
Overvoltage categories

Equipment Overvoltage category
Intended for fixed wiring connection 1]
Portable and stationary cord-connected Il
Power-limited and safety a low voltage |

a 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 likelihood of a risk of fire or electric shock.

33.4 In order to evaluate clearances where the levels of overvoltage are controlled, control of overvoltage
shall be achieved by providing an overvoltage device or system as an integral part of the product. The
equipment sh veitates HApHSe—w fieeH 846

33.5 Printed \viring boards constructed of Types XXXP, XXXPC, G-10, FR-2, FR-3, . FR-4, |FR-5, CEM-1,
CEM-3, GPO+2, or GPO-3 industrial laminates in accordance with the Standard for Pelymefic Materials —
Industrial Lanjinates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring
Boards, UL 746E, are considered to have a minimum comparative tracking index of 100 ithout further
investigation.

34 Wiring Space

34.1 Ample space shall be provided within an enclosure for thé.distribution of wires and cpbles required
for the proper|wiring of the product.

34.2 The wirg-bending space within the enclosure of a.controller shall be in accordance wijth Table 34.1.
Bending spacg is to be measured in a straight line front the end of the lug, connector, or ferminal to the
wall or barrierf in the direction the wire leaves the germinal.

Table 34.1
Minimum wire-bending spaee at terminals of enclosed controllers

Conductor size] AWG or kemil (mm  2) Bending space, inches (mm)
Wires per terminal
1 2
14 - 10 (24°+56.3) Not Specified -
8-6 (84— 13.3) 1-1/2 (38.1) -
4-3 (21.2 - 26.7) 2 (50.8) -
2 (33.6) 2-1/2 (63.5) -
1 (42.4) 3 (76.2) —
1/0 (53.5) 5 (127) 5 (127)
2/0 (67.4) 6 (152) 6 (152)
3/0 — 4/0 (85.0 — 107.2) 7 (178) 7 (178)
250 (127) 8 (203) 8 (203)
300 (152) 10 (254) 10 (254)
350 — 500 (277 — 253) 12 (305) 12 (305)
600 — 700 (304 — 355) 14 (356) 16 (406)
750 — 900 (380 — 456) 18 (457) 19 (483)
Note — If provision for three or more wires per terminal exists, the minimum wire-bending space shall be in accordance with the
National Electrical Code, ANSI/NFPA 70-1993.
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34.3 Any supplementary terminal supplied with the controller shall be of a type identified by the
manufacturer for use with the product, and shall not reduce the minimum wire-bending space.

35 Separation of Circuits

35.1 Separati

on between different internal wiring circuits (factory-installed conductors)

35.1.1 Insulated conductors shall be segregated or separated by barriers from each other.

Exception: Conductors provided with insulation rated for the highest voltage involved are not required to
be segregated or separated.

35.1.2 Insula1led conductors shall be segregated or separated by barriers from uninsulg

connected to

35.1.3 Segregation accomplished by clamping, routing, or equivalent means .that provide

permanent 1/4
35.2 Separati

35.2.1 The eq
— see 35.4 —
circuit. Table

Exception No
circuits.

Exception No.
if each circuit

Exception No
circuits provid|

Exception No
Class 3 provig
maximum voll

Exception No,
2 or Class 3)

Hifferent circuits.

-inch (6.4-mm) separation between applicable conductors complies with 35.1
pn between different field wiring circuits (field-installed conductors)
uipment shall be constructed so that field-installed gotiductors of any circuit 3
r separated by barriers — see 35.5 — from field-installéd conductors connectg
B5.1 summarizes the requirements.

1: Segregation or separation is not reguired between conductors of diff
2: Segregation or separation is not\tequired between conductors of different (

is wired with CL3, CL3R or CL3P or equivalent conductors.

3: Segregation or separation is not required between conductors of Class
ed that both circuits areNinsulated for the maximum voltage of either circuit —

4: Segregation orseparation is not required when both circuits are other th
Jed that the Class 1, Electric Light or Power circuits are wired with conductor
age of either\eircuit.

5: Segregation or separation is not required between conductors of a limited
circuitand a non-limited energy (Class 1, Electric Light or Power) circuit pro

ited live parts

S a minimum
.1 and 35.1.2.

re segregated
d to any other

erent Class 2
Class 3 circuits
D and Class 3
see 69.23.

an Class 2 or

s rated for the

energy (Class
ided that:

a) The Timited energy conductors are intermingled in order to accommodate the connection of
the limited energy circuit to the equipment,

b) Th

e non-limited energy circuit is 150 V,. or less to ground, and

¢) The product is marked to indicate that the limited energy circuit is to be wired with Types
CL3, CL3R, CL3P, or the equivalent conductors as shown in Table 35.2. See 69.23.

Exception No. 6: Segregation or separation is not required between conductors of a limited energy (Class
2 or Class 3) circuit and a non-limited energy (Class 1, Electric Light or Power) circuit provided that:
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a) The limited energy conductors are intermingled in order to accommodate the connection of
the limited energy circuit to the equipment,

b) The non-limited energy circuit is 150 V,. or less to ground, and

¢) The product is marked to indicate that the limited energy circuit is to be wired with
conductors suitable for Class 1, Electric Light or Power circuits. See 69.24.

Table 35.1

Segregation or Separation between Field-Installed Conductors

Circuit type Applicable paragraph Comments
Circuit 1 Circuit 2
Non-limited Energy Non-limited Energy Exception 4 to 35.2.1 Segregation or Separation is not required
Non-limited Energy Class 2 Exceptions 5 and 6 to Markings needed requiring/higher vgltage
35.2.1 insulation on Class 2 field-installed ¢onductors
Non-limited Energy Class 3 Exceptions 5 and 6 to Markings needed requixing higher vgltage
35.2.1 insulation on Class 3field-installed ¢onductors
Class 2 Class 2 Exception 1 to 35.2.1 Segregation or Separation is not required
Class 3 Class 2 Exception 3 to 35.2.1 Markings needed requiring higher vgltage
insulation on)field-installed conductofrs
Class 3 Class 3 Exception 2 to 35.2.1 Segregdtion or Separation is not required if
previded with CL3, CL3P, CL3R, or quivalent
eonductors

35.3 Separati
35.3.1 Separ
described in 3

Exception No
provided with

Table 35.2

Cable Substitutes for Type CL3,:CL3P, AND CL3R Cables

Cable type Cable substitutes
CL3 CL3P, CL3R, CM, CMG, CMP, CMR, FPL, HPLP, FPLR
and PLTC
CL3P CMP and FPLP
CL3R CL3P, CMP, CMR, FPLP and FPLR

pn between field wiring circuits (field-installed conductors) and internal wiring
circuits (factony-installed conductors)

ation between field-installed conductors and factory-installed conductor
5.2. Table\35.3 summarizes the requirements.

IxFRactory-installed conductors that can intermingle with field-installed cond.

5 shall be as

ictors shall be

instilation rated for the highqu \/nlmgp of either circuit.

Exception No. 2: In addition to the requirements in 35.2, equipment that permits field-installed conductors
to intermingle with factory-installed conductors shall be marked to indicate that the field-installed
conductors are to be provided with insulation rated for the highest voltage of either circuit. See 69.23,
69.24, and 69.26.
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Table 35.3

Segregation or Separation between Factory-Installed and Field-Installed Conductors

Circuit type

Factory-installed
conductors

Field-installed
conductors

Applicable paragraph

Comments

Non-limited Energy

Non-limited Energy

Exception 4 to 35.2.1;
Exceptions 1 and 2 to 35.3.1

Both conductors need

the highest voltage involved

to be rated for

Non-limited Energy Class 2 Exceptions 5 and 6 to 35.2.1 Markings needed requiring higher
voltage insulation on field-installed
conductors

Non-limited Energy Class 3 Exceptions 5 and 6 to 35.2.1 Markings needed requiring higher

voltage insulation on fi

eld-installed

conductors

Class 2

Non-limited Energy

Exception 1 to 35.3.1

Factory-installed tond
insulation rated\for the}
voltage involved

ctors need
highest

Class 2

Class 2

Exception 1 to 35.2.1

Segregation‘or separal
required

fion is not

Class 2

Class 3

Exception 1 to 35.3.1

Factory-installed cond
insdlation rated for the
voltage involved

ctors need
highest

Class 3

Non-limited Energy

Exception 1 to 35.3.1

Factory-installed cond
insulation rated for the
voltage involved.

ctors need
highest

Class 3

Class 2

Exception 3 to 35,2.4;\Exception
2103531

Markings needed requjiring higher

voltage insulation on fi
conductors

eld-installed

Class 3

Class 3

Exception 2 t9°35.2.1

Segregation or Separg
required if provided wi
CL3R, or equivalent c

tion is not
h CL3, CL3P,
nductors

35.3.2 Insula
live parts con

Exception No| 1: Insulated non-limited energy field-installed conductors are not prohibited fi

d field-installed conductors_shall be segregated or separated by barriers fro
ected to a different circuit.

wiring termindls of different non-fimited energy circuits.

Exception No
terminals of &
result in a risK

2: Field-installed conductors of a limited energy circuit are not prohibited fi
different limjted energy circuit provided that the short-circuiting of the term
of fire,celectric shock, or injury to persons.

m uninsulated

om contacting

om contacting
inals does not
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35.4 Segregation methods

35.4.1 Segregation accomplished by clamping, routing, or equivalent means that provides a minimum
permanent 1/4-inch (6.4-mm) separation between applicable conductors complies with 35.2.1 and 35.3.1.

35.4.2 When field-installed conductors are segregated in accordance with 35.4.1, the segregation of the
conductors complies with 35.4.1 when the segregation is from each other, from uninsulated live parts and
from factory-installed conductors by locating openings in an enclosure for the various conductors — with
respect to the terminals or other uninsulated live parts — so that a minimum permanent 1/4-inch (6.4-mm)
separation is provided.

35.4.3 With reference to 35 4.2, if the number of openmgs in the enclosure does not exceed the minimum
et of terminals,

If more than
ing other than
elihood of the
circuit is to be

a conductor entering an openlng shall be connected to the termrnal opposite that opening.
the minimum pumber of openings are provided, the effect of a conductor entering ar open
the one oppodite the terminal to which the conductor is intended to be connected and/the li
conductor contacting insulated conductors or uninsulated live parts connected to\a-different
investigated.

35.4.4 To def
wired as inten|

ermine if the equipment complies with 35.4.1, 35.4.2, and 35.4.3, the equipment is to be

ded for service with:
S

a) X to twelve inches of slack left in each conductoriand

b) Nd more than average care exercised in stowing-the slack into the wiring comgartment.

35.5 Separatipn methods

35.5.1 With r
applications 4
barrier or one

that in some
a removable
for the use of
Lnction with a
e combination

pspect to 35.2.1 and 35.3.1, if thelintended uses of the equipment is such
barrier is required while in seme other applications no barrier is required
having openings for the passage of conductors is not prohibited. Instructiong
such a barrief shall be a permanent patt-of the equipment. Complete instructions in conj
wiring diagranp is not prohibited from being used in lieu of a barrier if, upon investigation, th
is determined|to comply with thesexrequirements.

35.5.2 Conductors from a nanzlimited energy (Class 1, Electric Light or Power) field-installed circuit and

from a limited|energy (Class 2 or Class 3) field-installed circuit that are routed through a

in an enclosure of permanently connected equipment complies with the intent of 35.2.1
energy condugtors are-separated from the non-limited energy conductors by a continuous 4
nonconductor|sueh as flexible tubing. Tubing that complies with the Standard for Extru
Tubing, UL 2214,\s acceptable. The voltage rating of the tubing shall not be less than the ma

bingle opening

if the limited
nd firmly fixed
Hed Insulating
Kimum voltage

rating of the non-limited energy conductors. The tubing shall be provided as part of an installation kit with

the equipment. See 69.25.
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36 Class 2 Power Sources and Circuits
36.1 General

36.1.1 The term power source denotes a primary battery, a Class 2 transformer, or a combination of a
transformer and power limiting components. See 36.5.1.

36.1.2 The voltage, current, and power limitations specified in 63.3.1 and 63.4.2 normally apply to Class
2 circuits that extend beyond the equipment. These values, however, may be used to limit the energy level
of a circuit within the equipment.

36.1.3 These requirements, including those relating to installations where wet contact is likely to occur,

do not cover i
36.2 Intercon
36.2.1 Other
source supply

with the outpy

36.2.2 With r

interconnecte( if the voltage and current measurements at the output terminals are within

a single Class

36.2.3 The ol
2 in accordan
separate circu
wiring compa
crowding, and
another circui

36.3 Circuits

36.3.1 There
transformer, d
enclosure.

Exception: A
frame, or pang
by a field-eqy

IImUIO;UI T
hections

han as noted in 36.2.2 and in the Exceptions to 36.4.2, the output’of-a transfg
ing a Class 2 circuit and provided as a part of the equipment shall not be i
t of another power source. See 75.6.

pference to 36.2.1, the output of two or more such transfermers or power sg
2 power source.

tputs of two or more transformers or power _sources, all of which are investig
ce with the requirement in 2.6 and that.are’ not interconnected, are to be
its. If the wiring terminals or leads for two or more Class 2 circuits are locatg

tment, the compartment shall be sych that room is provided for intended

. See 75.7.

shall be no electrical’ connection between the primary and secondary
r between a prinjany or secondary circuit and any exposed or grounded par

single-paint reference ground may be employed in a secondary circuit.
b, including bolted joints, may carry the current of a circuit. Such current shal
ipment grounding means, a metallic raceway or other power-supply ground

earth ground.

rmer or power
nterconnected

urces may be
the values for

ated as Class
considered as
d in the same
wiring without

such that stowed wiring of one citcuit will not be forced against terminals ¢r live parts of

vindings of a
[ including the

An enclosure,
not be carried
ing means, or
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36.4 Transformers

36.4.1 A transformer coil shall be provided with insulation between the various windings, and between the
windings and the core and the enclosure.

36.4.2 A Class 2 transformer shall have only one secondary winding, that shall be insulated from the
primary winding. A winding having intermediate taps is considered to be a single winding.

Exception No. 1: Two or more secondary windings may be considered as a single winding. Interposing
insulation between the secondary windings is not required if, when interconnected, the windings are in
compliance with the performance requirements for a single-winding transformer.

Exception Noj2—A-transformer-of-the-rherertly-Hmttngtype-marked-accordance—with—4.9 may have
two secondaly windings that, when interconnected, are not in compliance withthe| performance
requirements ffor a single-secondary winding construction.

Exception No} 3: A transformer intended only for use in other equipment may’ have more than one
secondary winding if isolation of all circuits can be maintained.

36.5 Power lifniting components
36.5.1 A powgr limiting component — resistor, positive temperature,coefficient resistor, digde, or the like
— employed tp limit the output of a power source to within the “required current or pojver levels, or
otherwise religd upon to comply with the performance requirements in Class 2 Power Sourdes and Circuit
Tests, Section 63, shall have permanence and stability so.as not to decrease its limiting capabilities.
Among the fagtors considered when investigating the acceptability of a power limiting component are:

a) Effect of operating temperature,

b) Elgctrical stress level,

c) Effect of transient surges,

d) Rdsistance to moisture;

e) Endurance,

f) Temperaturechange shock, and

g) If appropriate, thermal runaway.
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36.6 Overcurrent protection components

36.6.1 Overcurrent protection components include fuses, overtemperature and overcurrent protectors,
thermal protectors, components employing eutectic materials, and similar components intended to
interrupt the flow of current as a result of overload.

36.6.2 Overcurrent protection provided with a not-inherently limited power source shall be a one-time or
manual-reset protector. An automatic reset device may be employed in addition to the required one-time
or manual-reset protector.

36.6.3 If a replaceable overcurrent protection component, such as a fuse, is provided in a not-inherently

limited power source, it shall not be interchangeable with a component having a higher current rating.

36.6.4 Spacir
and 32.5.1.1 ¢

37 Barriers

37.1 A barrie
acceptable ing
be subjected

for the passag
in number, on

the barrier. The closure for any other opening shall have a smooth surface wherever an

may contact i
required for th

37.2 A barrig
uninsulated i
walls and fro
segregated cd

37.3 A metal
be at least t
equivalent rei
thickness and
purpose, but |
uninsulated li
circuit and theg

gs between parts of the same polarity specified in notes (e) and (g) to Table
0 not apply to the protective component(s) of a Class 2 power source

used to provide separation between the wiring of different ‘eircuits shall be

0 mechanical damage, and shall be reliably held in place. Unclosed openin
e of conductors shall not be larger than 1/4 inch (6.4 mm) in diameter and sh
the basis of one opening per conductor, the number of wires that will need tq

t and the area of any such opening, with the“closure removed, shall not
e passage of the necessary wires. See 19.13.

I used to provide separation between the field wiring of one circuit and
e parts of another shall be spaced hot more than 1/16 inch (1.6 mm) from
h interior mechanisms and component-mounting panels, or the like that se
mpartments.

pbarrier used to provide segregation shall have the necessary strength and rig
e thickness specified under the column in Table 7.1 titled "With suppo
forcing,” for the dimensions of the barrier. A barrier of insulating material sk
be supported!so that its deformation cannot be readily accomplished so &
n any cases.the thickness shall not be less than 0.028 inch (0.71 mm). A b
e parts cennected to different circuits, and a barrier between uninsulated livj

B2.1, 32.4.1.4,

of metal or of

ulating material having the necessary mechanical strength if'exposed or oth¢rwise likely to

gs in a barrier
all not exceed
pass through
insulated wire
be larger than

the wiring or
the enclosure
rve to provide

dity, and shall
ting frame or
all be of such
5 to defeat its
arrier between
e parts of one

wiring.ef another circuit shall also comply with the requirements in 32.2.11 and 32.2.12.
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PERFORMANCE

38 General

38.1 Samples

38.1.1 Unless otherwise indicated, a representative commercial sample is to be subjected to the tests
described in the performance section. The order of tests, as far as applicable, is to be as specified in
Table 38.1 and, unless otherwise specified, the various tests are to be conducted at rated frequency and
at the voltage specified in the Table 38.1.

Table 38.1

AW | £ 1 £ + 4
valuto Ul VUItAytT TUT 1T oto

Table 38.1 revised July 27, 2012

Tept Voltage rating of product and corresponding test potential, volts a Number of
110 - 120 220 — 240 254 — 277 440 — 480, 550 - 60 section' that
applies
Power Input 120 240 277 480 600 39
Temperature 120 240 277 480 600 40
Operation - - - - - 43
Overvoltage, a-c or 132 264 305 528 660 -
d-c

Underyoltage, a-c 102 204 235 408 510 -
Underyoltage, d-c 96 192 222 384 480 -
Calibration verififation b b b b b 44
Overload 120 240 277 480 600 45
Endurance 120 240 277 480 600 46
Dielectric voltagg¢ withstand c c c c c 47
Volt-ampere cagacity 120 240 277 480 600 48
Burnout 120 240 277 480 600 49
Short circuit 120 240 277 480 600 50

a |f the rating of
that for the oper|

b Any convenien

t test voltage.

¢ As described i text.

the device does not fall within any of the indicated voltage ranges, it is to be tested at its rated
htion test, the test voltages ‘are to be as specified in Operation Test, Section 43.

oltage, except

38.1.2 An altd
having a frequ
concurrence @

brnating=etirrent product that does not have a frequency rating is to be teste
ency..0f 60 hertz, except that a circuit having a lower frequency may be emp
f these concerned.

ed on a circuit
loyed with the

38.1.3 A multiple-pole, a sequencing, a double-throw, or a double-pole, single-throw (normally open,
normally closed — sometimes called double-pole, opposite-throw) control and the like shall be tested with
a load on each pole. The loads on a double-pole or multiple-pole control shall be connected so that
opposite polarity on the poles results unless a same polarity rating is assigned to the control.
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38.1.4 A product that must be mounted in a definite position in order to function properly is to be tested
in that position and shall be marked in accordance with 69.5.
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38.2 Electric heat thermostat

38.2.1 A wall-mounted room thermostat intended for direct control of electric space-heating equipment
that is to be permanently connected electrically shall be subjected to the applicable tests described in the
performance section, except that two samples shall be subjected to the tests specified in Table 38.2 in
the order specified.

Table 38.2
Sequence of tests for wall-mounted room thermostats intended for direct control of electric
space-heating equipment that is to be permanently connected electrically

Tests Paragraph number that applies
Sample 1 Sample 2

Overload 45.1 4511
Endurance 46.1 46.22
Added endurgnce - 46.3
Dielectric voltage withstand 47.1.1 47.1.1
Added dielectfic voltage withstand 47.1.2 -
@ No examinajion of contacts for burning or pitting.

38.2.2 A room thermostat intended for permanent installation that includes an ampere rating other than
one associatefd with a pilot duty or with a motor rating is to be tested in accordance with thg requirements
that apply to|a wall-mounted room thermostat intended. for*direct control of electric ppace-heating
equipment that is to be permanently connected electrically,

38.3 Controllg

—

38.3.1 For a motor controller tested with the motor or motors with which it is to be used) the values of
stalled-rotor cyirrent and full-load running current employed in the overload and endurance fests need not
be the values|specified in Tables 45.1 — 4544.

38.3.2 For a fombustion control intended to control a transformer as well as a motor, the|test load is to
include as larpge a transformer as.is likely to be used in the field, unless the control has|a transformer
rating.
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38.4 Baseboard heater controls

38.4.1 If intended for use with a baseboard heater, the contacts of a safety control or of a
temperature-limiting control that is actuated by a change in pressure of a fluid confined in a self-contained
bulb or capillary tube shall assume the open position upon loss of the fluid charge.

38.5 Relays

38.5.1 A time-delay relay or thermal relay— a contact device, generally normally open, operated by a
bimetal-heater or hot wire, and the like — that responds to a temperature- or pressure-limiting control or
other calibrated control is to be tested as specified in (a) — (f). A magnetic relay is to be subjected to these
tests, except the calibration verification test is to be waived. See Table 38.3 for specific test conditions for
electric range jeentrots:

a) Hgating test at rated ambient air temperature — Temperature Test, Section 40.

b) Initial calibration — Time-Calibration Verification Test, Section 57 — allowable tolerance time,
+10 pgrcent or 5 seconds, whichever is greater.

c) Overload and endurance at rated ambient air temperature —*Overload Test, Se¢tion 45 and
Endurance Test, Section 46. Number of cycles in accordance with Table 38.3 or Tlable 46.1.

d) Diglectric voltage withstand — Dielectric voltage-Withstand Test, Section 47.

e) Rgcalibration — Time-Calibration Verification Test,"Section 57. Allowable drift time, +10
perceft or +5 seconds.

f) Alsp see Means for Calibration, Section43, Details, Section 65, and Calibration| Setting,
Sectign 71.

Exception: Wider tolerances than specifieg-in (b) and (e) may be used for a control invegstigated in the
end-use appligation and found to be aeceptable.

Table 38.3
Electric range-control test conditions

Test No. Control functigh=@ Test sequence Test description Test temperature|®?
Switch head Bulb
Sample 1
1cde Al Elevated- Temperature Test, Cook 25°F (14°C) below
temperature heating | Section 40, cutout

temperature rise;
Table 40.1 and its
note c and 40.3
2ef All Heating Temperature Test, Room Room
Section 40,
temperature rise;
Table 40.1 and its
note c

Sample 2-1 and 2-2

Table 38.3 Continued on Next Page
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Table 38.3 Continued

Test No. | Control function 2 Test sequence Test description Test temperature °

Switch head Bulb

3 C,D,L Calibration 44.3— 44.7 or 38.5.1 [ Room Cutout
verification and Time-
Calibration
Verification Test,
Section 57

Sample 2-1

489 B,.D Aging 250 hours in test Clean 25°F (14°C) below

oven: rated cutout
electrical load
5d.9 B.D Overload 50 cycles; Overload | Clean Cutout
Test, Section 45
6-1" 6-2" | B°,D Endurance B: 100,000 cycles, | Cook Cutout
Endurance Test,
Section 46

D: 100,000 cyclesP | Actuation‘grcook Cutout
Endurance Test,

Section 46
Sample 2-2
7e9h q.Lm Aging 250 hours in test, Clean 25°F (14°C) below
oven; rated cutout
electrical load
89 q,.Lm Overload 50 cyclesiOverload | Clean Cutout
Test,\Section 45
99n q,.Lm Endurance | 2000'cycles, except | Clean Cutout

manually reset to be
1000 with load, and
1000 no load;
Endurance Test,
Section 46

10-1" qe Endurance’ll C: 98,000 cycles; Cook Cutout
Endurance Test,
Section 46

10-2 Ln L: 98,000 cycles Cook Cutout
with load Endurance
Test, Section 46;
except manually
reset to be run 4000
no load

Samples 2-1 and 2-2

11 All Dielectric Dielectric voltage- Warm from endurance
Withstand Test,
Section 47
12 CD,.L Recalibration 44.3 — 44.7 or Room Cutout
verification 38.5.1 and 44.3

Sample 3 — Bulb Excursion

130 B,D,L Calibration 443 - 44.7 Room Cutout
verification

Table 38.3 Continued on Next Page
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Table 38.3 Continued

Test No.

Control function 2

Test sequence

Test description

Test temperature °

Switch head

1410k

150

B.D,L

B,D,L

Bulb excursion

Recalibration
verification

250 cycles — 1/2
hour at 1000°F
(538°C), 1/2 hour at
104°F (40°C)
nominal; no load
44.3 — 44.7

Room

Room

538°C)

Cutout

Sample 4 — S,SN

1689

1749

18-1"

18-2"

19

1)
n
P4

(0]
(2]
=z

(N
Z
o

[0)]

V)
92}
P4

Aging
Overload

Endurance

Endurance

Dielectric withstand

250 hours in test
oven; not energized
50 cycles; Overload
Test, Section 45

100,000 cycles;
Endurance Test,
Section 46

100,000 cycles;
automatic at highest
cycling temperature
setting; Endurance
Test, Section 46
Dielectric voltage-
Withstand Fest,
Section\4+.

Clean

Clean

Cook

Cook

eutout
Cutout

Cutout

Warm from endurapce

Sample 5 — S (automatic contacts tested manually)

20

219

2200

23

[¢))

\n

W\

[0)]

Aging
Overload

Endurance

Dielectric withstand

250 hours in test
oven, not energized
50 cycles; Overload
Test, Section 45
10,000 cycles;
Endurance Test,
Section 46, manual,
off to mid-
temperature setting
to off

Dielectric Voltage-
Withstand Test,
Section 47

Clean

Clean

Cook

Warm from endurapce

Sample 6

— Manual contacts |

24

259

269

27940

28in

S,SN

All

B,C,.L

B,C,.L

Aging

Aging
Overload

Endurance | - M

Endurance Il —= M

250 hours in test
oven; rated
electrical load

250 hours in test
oven; not energized
50 cycles; Overload
Test, Section 45
2000 cycles;
Endurance Test,
Section 46, manual
4000 cycles;
Endurance Test,

Section 46, manual

Clean

Clean

Clean

Clean

Cook

Table 38.3 Continued on Next Page

NOVEMBER 16, 2007

Bulb

Cycling —104 —
1000°F (40 —

25°6-14°C) below



https://ulnorm.com/api/?name=UL 873 2015.pdf

NOVEMBER 16, 2007

TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873

81

Table 38.3 Continued

b

Test No. | Control function 2 Test sequence Test description Test temperature
Switch head Bulb
29-1n DP, S,SN Endurance 6000 cycles; Cook -
Endurance Test,
Section 46, manual
29-2in DP Endurance 6,000 cycles; Actuation or cook
Section 46, manual
30 All Dielectric withstand | Dielectric voltage- Warm from endurance
Withstand Test,
Section 47
2 A thermal of magnetic relay — see 38.5.1 — or a thermal cycling switch or other control not specifically mentjoned is to be

tested for the
g
B
g
O
L
S
9

b For devices
the ratings.

¢ See 38.8.1
limiting contrg
d For an inter
overload test
€ A surface-el
conducted wi
below cutout,
38.6.1.

f Test 2 may
9 For a contrd
temperature.
h Aging may

or, if the assigned clean and cook Switch head temperatures are the same, aging may be omitted if the total

during Endurd
i See 44.3 — 4
bake/broil, oth
verification m
without dama|
I The test for

conditions of the control or control function with which it is employed.
ontrol Function Code:

— Bake/broil or other oven cooking or temperature-regulating control.
— Cleaning temperature oven control.

— Door interlock for oven.

— Limiting temperature control. Test conditions may vary if the setting is for Type B, C, S or SN
— Surface element control, bimetal heater or hot-wire type, or the like,

N — Surface element control other than Type S.

used on electric ranges, see 38.6.6. For other applications, test'temperatures are to be in acco

hnd 38.8.2 for a range control switch body other than Type\l\*These paragraphs are not applic
| or to other than a range control.
ock that is mechanically operated only, materials arexassumed to operate at ambient temperatul
s not applicable.

ement control is to be tested as specified. Theselevated-temperature heating test for an oven ¢
h the bulb heated to the maximum rated notmial-use oven temperature, such as bake/broil or 2
if the control is calibrated to open at the-maximum normal-use oven temperature. See Exceptio

be waived if results of Test 1 indicate-that the results of Test 2 will be acceptable.

| not intended for use with a s€lf-eleaning oven, the clean test temperature specified is to be th
A\ging test is to be omitted.

e conducted after Endurance | or | — M for 250 hours minus the time elapsed during Enduranc

nce | and Endurance 1T is at least 250 hours.
4.4 for tolerances, for a control used as an oven-door interlock or for a temperature-limiting fung
er cooking <ontrol, or where calibration change will not cause unsafe operation of the appliancg
hy be wajved or tolerances are not specified. After the bulb excursion test, the control is to be o
e to thexswitch or mechanism.

honself-Cleaning oven controls is to be waived.

usage.

dance with
ble to a

re. The

ntrol is to be

°F (14°C)
n No. 2 to

b cook
plorl—M,
ime elapsed

tion. For
, calibration
perable

k Test cycle n

greater than no

d dged
rmal use is not contemplated.

at shock

I Manual contacts on a Type B, C, D, or L oven control that operate during the self-cleaning cycle, or that terminate the
cycle, are to be subjected to Tests 24, 26 — 28, and 30 in sequence except as noted in note h. Manual contacts on
controls that are not switched during the self-cleaning cycle are to be subjected either to Test 24 if the contacts carry
current during the self-cleaning cycle or to Test 25 if the contacts do not carry current during the self-cleaning cycle, and
then to Test 26, 29, and 30 in sequence.

M A temperature-limiting control shall not function during normal appliance operation.

" The endurance test is to be conducted as follows:

Number of e

Maximum cycle rates, cycles per minute

ndurance cycles First portion of test Last portion of

test

Table 38.3 Continued on Next Page
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Table 38.3 Continued

Test No. | Control function 2 Test sequence Test description Test temperature °
Switch head Bulb
Number of Cycles per Number of Cycles per
With load Without load cycles minute cycles minute
1000 5000 1000 1 5000 6
6000 - 6000 1 - -
(automatic)
6000 - 6000 6 - -
(manual)
10,000 = 10000 6 = -
30,000 - 24,000 6 6000
100,000 - 75,000 6 25,000 1
Magnetic, mahual, motor-operated switches, and the like and switches that snap with lost motion-and‘do not greep may be
tested at a raje of 6 cycles per minute for all controls, the test is to be conducted with 50 +20 percent on timg. A
temperature- pr pressure-operated control is to be tested using a slow rate of change.
For endurancg tests consisting of two parts [such as tests 9 and 10 (Endurance Tests | and_ )], the number ¢f endurance
cycles is to bg¢ the sum of the cycles required for each part. For example, the number of\endurance cycles fof tests 9 and
10 is to be 100,000 cycles (the sum of 2000 and 98,000 cycles). When no current isused, the switch may bg operated at
any convenieft speed.
0 If the contrd] is intended to be used in conjunction with a temperature-limitidg_control, the endurance test nged only be
30,000 cycleq of operation.
P See 38.6.7 aind 38.6.8.
38.6 Electric fange controls

38.6.1 A contol for an electric range, including a separate surface cooking unit or a wall-n

intended for 1
overload and
temperature, V
and under oth
heated surfac
see 38.6.5 — ]

Exception No
air to be cont
air. The overlq
air at the max

Exception No.,

hounting where exposed to elevated temperatures shall be subjected to the
endurance tests while mounted in an oven maintained at the assigne
vith the temperature sensor operated at maximum rated set-point temperature)
er temperature conditions.that represent rated service conditions, such as
b, with a heated pressure-connection, bimetal heater, or the like. For specific
8.6.11.

1: Temperature tests are usually waived for a control intended to be entirely
'olled as it is;assumed that the entire control will be at the temperature of th
ad and_endurance tests are to be conducted with the control entirely within ti
imum ‘setpoint temperature.

2. For a control with a long capillary tube or similar semiremote sensor wher,

nounted oven,
temperature,
0 ambient air
of the control,
mounted on a
est conditions

located in the
e surrounding
e test oven in

e heat transfer

to the switch
temperature.

head will not be significant, the temperature test may be conducted with the sensor at room

38.6.2 A pressure- or mechanically-operated control or one that is intended for a mechanical load shall
be subjected to maximum rated stress during the test.
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38.6.3 Tests are to be conducted with maximum rated temperatures, pressures, mechanical loads,
electrical loads, and the like, that are consistent with maximum normal service conditions imposed
simultaneously on the device. For a device that has different sets of ratings, such as different ampere
ratings at different ambient-air-temperature ratings, separate tests are to be conducted. For a line of
devices of the same construction that have different temperature or pressure settings, tests at the highest
rated settings are usually considered representative. Separate tests are to be conducted on devices
having different constructions.

38.6.4 Tests on a control for combination use shall be conducted to cover conditions of each use;
separate samples may be used for each set of tests. See 38.9.2. More samples than specified are to be

tested if needed for additional ratings, or the like.

38.6.5 A con
a surface co
calibration-ve
(manufacturin
71 (temperatu
for electronic

pking unit, shall be tested under the conditions specified in Table ‘88
ification tests are specified, except for bulb excursion alone, see. Detall
) calibration-verification and dielectric voltage-withstand tests), Calibration S
e marking), and Means for Calibration, Section 13 (fixing of setting).-Refer to
Components or circuits.

38.6.6 In Ta
cooking, "cl

"actuation” carresponds to the maximum compartment temperatufe, when the device is ac

latch, unlock

the self-clean femperature and may or may not be higher thanthe cook temperature.) Thess
are as specified by the manufacturer. The 1000°F temperature corresponds to the

temperature
request. Eithe

38.6.7 Mechd
not switch cur
during self-clg
specified in T
bi-metal devic
in Table 38.3.

38.6.8 Oven

cycle electricg
without electri
at normal ele
switching com

nted oven and
.3. Wherever
5, Section 65
btting, Section
11.13 and 6.2

le 38.3, "cook” corresponds to the control compartment ambient tempgrature during

n" corresponds to the control compartment temperature during self-

r unlatch the door of a self-cleaning oven (the actuation temperature is typic

uring self-cleaning; higher or lower temperatures may be used at the
[ "cook” or "actuation” temperatures, or\both may be specified at the manufa

nical parts and electro-mechanicaliparts of an oven door latch or lock mech
rent, such as linkages, springsxlevers, solenoids, motors and the like, and tha
aning operation shall withstard 6,000 cycles of operation at normal load at th
hble 38.3. Parts that operate” during cooking or other appliance operating m

joor lock thermostats and switching components of an oven door latch or lo
lly (make ar.break current) during self-cleaning operation and that carry cy
Cal load.during cooking or other operating modes shall withstand 6,000 cyclg
Ctrical 10ad, plus an additional 94,000 cycles at no load. Oven door lock th
panents that may cycle electrically one or more times during cooking or o

tleaning, and
fuated to lock,
blly lower than
temperatures
typical oven
nanufacturer’'s
turer’s option.

anism that do
it operate only
e temperature
pdes, such as

es, shall withstand 100,000 cycles of operation at normal load at the temperature specified

tk system that
rrent or cycle
s of operation
brmostats and
her appliance

operating mod

es,shall withstand 100,000 cycles of operation at normal electrical load.

38.6.9 An automatic cycling control is to be tested as specified in Table 38.3. See 65.1.4. An automatic
cycling control is a contact device, usually normally closed, that cycles automatically due to a bimetal
heater, hot-wire mechanism, or the like, being controlled by the contacts that also control the load; the
cycling rate is fixed, or variable on a manually adjustable or infinite switch.
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38.6.10 A time-delay relay or a thermal relay that responds to another control is to be tested as specified
in Table 38.3. This type relay is a contact device, usually normally open, operated by a bimetal heater,
hot-wire mechanism, or the like. A magnetic relay is to be subjected to these tests, except the
calibration-verification test is to be omitted.

38.6.11 These requirements do not necessarily apply to controls for commercial ranges.
38.7 Auxiliary electric range controls
38.7.1 For the controls in (a) — (d), the function of which will be bypassed during certain tests of the

end-use appliance, the endurance test described in Endurance Test, Section 46 is to consist of 6000
cycles of operation:

a) A tfhermostat that detects a hot surface of a glass/ceramic cooking surface to7gpntrol an
indicating lamp;

b) A t{hermostat that limits the temperature of a glass/ceramic cooking/Surface, buf does not
functipn during the normal cooking operation;

c) A thermostat that controls a cooling fan for a control compaftment; and

d) Anl auxiliary control that does not control cooking or cleaning temperatures, and that is not
deperjded upon to reduce the risk of unsafe temperatures.

38.7.2 A califjration-verification test is not required for the_controls described in 38.7.1 (a) |- (d).
38.8 Conditioping at elevated temperature — househgld’'range control switch body

38.8.1 If, whgn tested at the cook temperature~ambient — see 38.6.6 — the insulating swjtch body of a
range control,|including a separate surface ceoking unit or a wall-mounted oven control, and other than a
temperature-limiting control, exceeds thei-allowable temperature rise in Table 40.1 as adjusted in
accordance wjth 40.3, the switch body-shall be tested as follows:

a) Three complete samples, of the control are to be conditioned for 1000 hours in gn oven
withodit the control enefgijzed. The temperature of the oven is to be determined from the
formula:
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t, = 1.02(t, +288) - 273

in which:

t, is the oven temperature in degrees C and

t; is the measured temperature of the insulating body in degrees C; or

b) If tLe excess temperature is localized— for example, due to a bimetal heater= tLree samples

of the
tempe
perce
if nec
Exception: |
temperature.

38.8.2 Follow
to a 50-cycle
tests may be
insulation or ¢

38.9 Temperd

38.9.1 An au
range, includ
requirement
calibration-ve
(production lin
71 (temperatu
in Table 38.3
interlock used
self-cleaning (¢

38.9.2 An ele

complete control are to be conditioned for 1000 hours in an oven maintaine
rature — see 38.6.6 — with the heater energized at 110 percent ratéd, voltage
nt rated current for a series type. Noncycling contacts are to bedarced close
bssary, to attain the most severe temperatures.

sulating materials that have been investigated and found-+o be acceptable fq

ng the conditioning described in 38.8.1, the controls are to be examined and
overload test, a 1000-cycle endurance test, and a dielectric voltage-withsta
conducted at room ambient air temperature; There shall be no undue dete
lectrical or mechanical breakdown of thesgontrol.

iture-limiting controls for electric ranges
omatically or manually reset, centrol that is intended to limit temperatures

5 for a temperatureflimiting control as specified in this standar
rification tests are.specified, except bulb excursion alone, see Detail{
e calibration-verification and dielectric voltage-withstand tests), Calibration S
re marking), and Means for Calibration, Section 13 (fixing of setting). Tests a
Refer to 11¢13-and 6.2 for electronic components or circuits. For tests on
in lieu ofra‘temperature-limiting control on a nonself-cleaning oven and for
ven, see\Table 38.3.

Ctric vange temperature-limiting control, or combination limiting control and re

] at the cook
or 110
l or bypassed

br the required

en subjected

h
:]vd test. These

joration of the

of an electric

ng a separate wall-mounfed oven or a surface cooking unit, shall comply with the

. Wherever
5, Section 65
btting, Section
e as specified
an oven door
bne used on a

ay, shall have

havrf 1n ~araraan aath A tamanarati irs racplatina ~antrAal A AarAa AN A pnting

| bracket or a

no operating

common enclosure may be employed for both controls.

Por T SO o vvit T o teTrrpeiotarcTrogumot g CoTtr o7 v SO ot ooy

Exception No. 1: An oven-door interlock may use common parts with a temperature-limiting control.

Exception No. 2: An oven-door interlock, a temperature-limiting control or combination limiting control and
relay may have common parts with a control compartment cooling fan control if malfunction of the fan
control will not affect operation of the oven-door interlock or temperature-limiting feature. Tests on such a
combination control are to include 100,000 cycles thermal-mechanical endurance on all parts and

verification of

operation with the fan contact not functioning.


https://ulnorm.com/api/?name=UL 873 2015.pdf

86 TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873 JANUARY 6, 2012

Exception No. 3: For a self-cleaning oven, an oven cooking or cleaning temperature control may use
common parts with an oven door interlock but not with a temperature-limiting control. A single control may
combine all three functions. Tests on such a control are to include 100,000 cycles of thermal-mechanical
endurance on all parts.

38.10 Ice and Snow-Melting Equipment Controls
38.10 added January 6, 2012

38.10.1 In addition to the applicable performance requirements of this standard, a EGFPD operation of
an ice and snow-melting equipment control shall be subjected to the following tests of Standard for
Ground-Fault Sensing and Relaying Equipment, UL 1053:

; setpoints, the
tion sequence is conducted at the minimum and maximum values of the. range.

b) Cdrrent Withstand Test of Section 27. This test is conducted at the short!Circuif values
specified in Table 50.2 of this standard.

c) The Calibration Test of Section 21 shall be repeated after the,Current Withstanfd Test at
room pmbient.

d) The Dielectric Voltage-Withstand Test of Section 25 shall*be conducted after eqch test as,
and

e) The Component Failures Test of Section 26.
39 Power Input
39.1 The power input to a temperature-indicating-or -regulating device shall not exceed the|marked rating
of the device py more than 10 percent when.it’is operated under the conditions of norma| use and with

the device copnected to a supply circuit as'specified in Table 38.1.

40 Temperatdre Test

40.1 Temperature-indicating ahd regulating equipment, when tested as described in thig section, shall
not attain a temperature at any point sufficiently high to constitute a risk of fire, to damage|any materials
employed in the equipment; or to exceed the temperature rises specified in Table 40.1.

40.2 All valugs for temperature rises specified in Table 40.1 apply to equipment intended for use at
ambient tempgratures normally prevailing in occupiable spaces, which usually are not higher than 25°C
(77°F) but maly ‘eccasionally be as high as 40°C (104°F) for brief periods. Tests of equipmgnt for service
with such ambient temperatures may be conducted — without correction — at any ambient temperature in
the range of 10 — 40°C (50 — 104°F).



https://ulnorm.com/api/?name=UL 873 2015.pdf

JANUARY 6, 2012 TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873

86A

Table 40.1
Maximum temperature rises

Material and components c° Fe
1. Knife-switch blades and contact jaws 30 54
2. Points on or within a terminal box or compartment including wiring on which 35 63
conductors to be connected to the control may rest®
3. Laminated-contactsP 50 90
4. Terminals® 50 90
5. Class 90 insulation system®
Thermocouple method 50 90
Resistance method 60 108
6. Class 2 tfansformer enclosure — see 2.2, 2.6, 7.4.1, and 7.4.2 60 108
7. Varnishefl cloth insulation 60 108
8. Solid conftacts, busses, and connecting bars? 65 117
9. Fuses® 65 117
10.  Fiber employed as electrical insulation 65 117
11. Wood or fother combustible material 65 117
12.  Power trgnsformer enclosure 65 117
13. Class A ihsulation systems on coil windingsf
A. In pn open motor
Thermocouple method 65 117
Résistance method 75 135
B. In p totally enclosed motor
Thiermocouple method 70 126
Rgsistance method 80 144
14.  Class 10§ insulation systems on coil windings other than‘in a motor®f
Thermocpuple method 65 117
Resistan¢e method 85 153

Table 40.1 Continued on Next Page
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Table 40.1 Continued

Material and components c° Fe

15.  Class 130 insulation systems®f

Thermocouple method 85 153

Resistance method 95 171
16. Phenolic composition employed as electrical insulation or as a part the deterioration of 125 225

which would result in a risk of fire or electric shock9
17.  Rubber- or thermoplastic-installed wire and cord except those mentioned in item 189 35 63
18. Types RFH, FFH, and RH wires9 50 90
19.  Other types of insulated wires" - -
20. Sealing compounds' - -
21. Capacitofs’ - -

residential appli
temperature hig
b Multilayered,
¢ See 40.9.

d |f contacts of
(194°F) where 3
other heat sour
conducted at th
higher than 100
€ A fuse that hg
f Temperature
external source
method is not n}
9 The limitation
been investigat
h For standard
ANSI/NFPA 70-
not to exceed t
" The maximum
15°C (27°F) les
I For a capacito
ambient tempe!

2 The temperatdire rise observed on the terminals and at points within a terminal box and a control for use, with

Ance that is rated for continuous use above 25°C (77°F) may exceed the values specified but n
her than 90°C (194°F). See 72.1 — 72.3.

hetallurgically bonded contacts are not considered to be laminated. See item 8.

hny metal and their supporting blades, busses, and connecting bars attain\a temperature greate
high ambient temperature or other external temperature prevails, or where affected by a bimet
e in the assembly, the control shall perform acceptably when subjected’to overload and endurg
e high temperatures involved, except that contacts of silver or a&ilver alloy that do not attain a
°C (212°F) need not be subjected to overload and endurancedtgsts conducted at the high temp
s been investigated and found acceptable for use at a highertemperature may be used at that

se measured by a thermocouple at a point on the surface'ef a coil, at which the temperature is
of heat, may be 15°C (27°F) higher than that specifie@;jprovided that the temperature rise by t
ore than that specified.

lon phenolic composition and on rubber and thefmoplastic insulation does not apply to compoun
bd and found to be acceptable for higher température.
hsulated conductors other than those mentioned in items 16 and 17, reference to the National H
1993; and the maximum allowable temperature, corrected to a 25°C (77°F) assumed ambient tg
e marked temperature limit of the wire in question, except as noted in 40.3.

acceptable temperature, corrected to a 25°C (77°F) assumed ambient temperature, of a sealin
5 than the melting-point tempétature of the compound.

, the maximum allowableytemperature rise is the marked temperature limit of the capacitor min
pture of 25°C (77°F),

other than a
ay not attain a

r than 90°C
hl-heater or
nce tests
emperature
brature.

emperature.
affected by an
e resistance

ds that have

tlectrical Code,
bmperature, is

compound is

s an assumed

40.3 Equipme
25°C (77°F) i
specified in T
temperature g

nt intended specifically for use with a prevailing ambient temperature consta
5 to be tested at such higher ambient temperature, and the allowable tem
hble 40/T)are to be reduced by the amount of the difference between the
nd 25°€ (77°F).

toRrtial crnnhy cariran paay, ha viead fAry ~anAbiAtins tamanAratiien tacte AN A

ntly more than
perature rises
igher ambient

40.4 A low-p

Ottt ST PPty  SUOTeTTIToy  OC OoT U TOT OO OT U g tC TP CTiatur Tt oto— Ot o4

rts other than

coils or transformer windings. Unless otherwise noted, the tests on all parts are to be conducted
simultaneously, as the heating of one part may affect the heating of another part.

40.5 A control that is intended to be mounted in a chimney or vent connector, duct, plenum, or the like,
is to be so mounted above an operating appliance using the mounting bracket regularly supplied with the
control with the element inserted as far as permitted by any stop or flange so that service conditions will
be approximated. The ambient temperature surrounding the control outside the chimney or vent
connector, duct, or plenum is to be the highest temperature in which the control is intended to operate.
Typical required test conditions are illustrated in Figures 40.1 and 40.2.
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Figure 40.1
Typical test setup for a chimney- or vent connector-mounted control
CONTROL
VERTICAL STACK CONNECTED
TO OUTLET IN CENTER OF [ _
TOP OF BOILER \ ?
THERMOCOUPLE 24"
TTT—e (610mm)

UNINSULATED
BOILER

S3186

Boiler operation i$ to be adjusted so that the thermocouple senses a flue-gas\temperature of 538°C (1000°F).

Figurei40.2
Typical test setup for a*plenum-mounted control

18" BY 18" (460.BY 460mm) PLENUM

CONTROL
R X
. N
9),
(230mm) THERMOCOUPLE

FORCED AIR
FURNACE

S3187

Furnace operation is to be adjusted so that the thermocouple senses an air temperature equal to the maximum setting temperature
of the control.
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40.6 If equipment is obviously not intended for continuous operation, such as some types of damper
controls, the heating test may be conducted so that the probable intermittent or short-time operation of the
equipment is considered.

40.7 If stalling of a motor on a timer, motor operator, damper control or the like is part of the normal
operation of a device while connected to a supply circuit as specified in Table 38.1, the temperature rise
shall not exceed the limits specified in Table 40.1 with the motor stalled.

40.8 If stalling of a motor as described in 40.7 is not part of the normal operation, the values specified in
Table 40.1 do not apply; but the motor shall have acceptable impedance, thermal, or overload protection.

40.9 Other than at coils, temperatures are to be measured by thermocouples consisting of wires not

larger than 24-AWE—8-2+mmd—See—40-13-

40.10 When thermocouples are used to determine temperatures in electrical equipment,| it is common
practice to employ thermocouples consisting of 30 AWG (0.05 mm?) iron and constantah wires and a
potentiometefr-type instrument. Such equipment is to be used whenever-referee| temperature
measurementg by thermocouples are necessary.

40.11 The the¢rmocouples and related instruments are to be accurate and calibrated in agcordance with
standard labofatory practice. The thermocouple wire is to conform with-the requirements specified in the
Tolerances of Initial Values of EMF versus Temperature tableés“in the Standard Spdcification and
TemperaturefElectromotive Force (emf) Tables for Standardized Thermocouples,| ANSI/ASTM
E230/E230M.

40.11 revised February, 6,>2015

40.12 A temperature is considered to be constant when three successive readings, taken|at intervals of
10 percent of the previously elapsed duration of the;test, but not less than 5-minute intervgls, indicate no
change.

40.13 The pieferred method of measuring temperatures on coils is the thermocoupld method, but
temperature Ieasurements by either the:thermocouple or resistance method are acceptabje, except that
the thermocquple method is not .to~be used for a temperature measurement at g point where
supplementary heat insulation is.employed.

40.14 To determine if a device complies with the requirements in this section, it is to be operated under
normal conditjons, except.as otherwise noted. The potential of the supply circuit is to be @s specified in
Table 38.1.
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41 Leakage Current Test

41.1 The leakage current of a cord-connected product rated for a nominal 250-volt or less supply when
tested in accordance with 41.3 — 41.7 shall not be more than:

a) 0.5 milliampere for an ungrounded 2-wire portable, stationary, or fixed product;

b) 0.5 milliampere for a grounded 3-wire portable product; and

c) 0.75 milliampere for a grounded 3-wire stationary or fixed product employing a standard
attachment plug rated 20 amperes or less.

41.1 revised July 27, 2012

41.2 Leakage
between expq

41.3 All expo
these surface
if simultaneoy
considered to

a risk of electric shock. Surfaces are considered to be simultaneously-accessible if they

contacted by
terminals ope

surfaces are ponded together and connected to the grounding  conductor of the power-sy

leakage curre

If exposed deqd metal parts of the product are connected-to the neutral supply conductor, t

is to be open

41.4 If a con
leakage curre
the surface. If

current refers to all currents, including capacitively coupled currents, that.ma
sed conductive surfaces of a product and ground or other exposed surfaces

5ed conductive surfaces are to be tested for leakage currents. The-leakage
b are to be measured to the grounded supply conductor individually as well

sly accessible, and from one surface to another if simultaneously accessi
be exposed surfaces unless guarded by an enclosure considered acceptab

one or both hands of a person at the same time.{These measurements d
ating at voltages that are not considered to invalve’ a risk of electric shock. If

Nt can be measured between the grounding.conductor and the grounded sup
during the test.
Huctive surface other than metal «is ‘'used for the enclosure or part of the

nt is to be measured using a metal foil with an area of 10 by 20 centimeters
the surface is less than 10y-20 centimeters, the metal foil is to be the sar

y be conveyed
bf the product.

currents from
hs collectively,
ble. Parts are
e for reducing
can be readily
b not apply to
all accessible
pply cord, the
ply conductor.
Nis connection

bnclosure, the
n contact with
he size as the

surface. The netal foil is not to remaip-in~place long enough to affect the temperature of the product.

41.5 The meas
instrument is
the same num
need not havq

a) Th
of 0.1

isurement circuit for leakage current is to be as illustrated in Figure 41.1. The

erical value foralparticular measurement as would the defined instrument. T
all the attributés of the defined instrument.

P metéersis to have an input impedance of 1500 ohms resistive, shunted by &
b microfarad.

measurement

efined in (a) — (C)) The meter that is actually used for a measurement needl only indicate

he meter used

capacitance

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
waveform of voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a
frequency response — ratio of indicated to actual value of current — that is equal to the ratio of
impedance of a 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an
indication of 0.5 or 0.75 milliampere, the measurement is to have an error of not more than 5
percent of 60 hertz.
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Figure 41.1
Leakage current measurement circuit

PRODUCT

e
B

GROUNDED SUPPLY CONDUCTOR

Product intende|

d for connection to a 120-volt power supply, as illustrated above.
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NOTES -

A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of product to another.
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41.6 Unless the meter is being used to measure leakage from one part of a product to another, it is to be
connected between the accessible parts and the grounded supply conductor.

41.7 A sample of the product is to be tested for leakage current starting with the as-received condition —
the as-received condition being without prior energization, except as may occur as part of the
production-line testing. The supply voltage is to be adjusted to rated voltage. The test sequence, with
reference to the measurement circuit — Figure 41.1 — is to be as follows:

a) With switch S1 open, the product is to be connected to the measurement circuit. Leakage
current is to be measured using both positions of switch S2, and with the product switching
devices in all their normal operating positions.

ol

H [ad
noeiT oL 1o

b) Sv
currer
devicq

c) Th
are to|
obtain

41.8 Normally
interruption fo|
interrupted for

42 Leakage (

42.1 A produ

+la + [N 1 Al HET +lo &l + &l il [ d &l +
aiClT tu o CIUOoTU CIICIHILIIIB uare PIUUU\JL, arnu vwiummT 9 OoCULUTIUS, U
t is to be measured using both positions of switch S2 and with the product’s
s in all their normal operating positions.

b |leakage current is to be monitored until thermal stabilization. Both-position
be used in determining this measurement. Thermal stabilizationtis considerg
ed by operation as in the normal temperature test.

the complete leakage current test, as specified in, 41.7, is to be cond
I other tests. With the concurrence of those concefhed, the leakage currer
the purpose of conducting other nondestructive tests.
Lurrent Following Humidity Conditioning Test

Ct shall comply with the requirements for leakage current in Leakage Current

e leakage
witching

5 of switch S2
d to be

ucted without
t test may be

Test, Section

41, following éxposure for 48 hours to air having.acrelative humidity of 88 £2 percent at a femperature of

32 £2°C (90 4

4°F).

42.2 To detefmine whether a product complies with the requirement in 42.1, a sample of

to be heated t
during conditi

b a temperature just above34°C (93°F) to reduce the likelihood of condensati
bning. The heated sampte’ is to be placed in the humidity chamber and con

hours under the conditions specified in 42.1. Following the conditioning, the sample i

unenergized ¢

s described in 41.5(a). The sample is then to be energized and tested as des

(b) and (c). The test is to be'discontinued when the leakage current stabilizes or decrease

the product is
pn of moisture
litioned for 48

to be tested
scribed in 41.5
5.



https://ulnorm.com/api/?name=UL 873 2015.pdf

NOVEMBER 16, 2007 TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873 93

43 Operation Test

43.1 An electromagnet for use on direct current shall withstand a voltage 10 percent more than its rated
voltage continuously without damage to the operating coil and shall operate successfully at 20 percent
less than its rated voltage. If a device has a voltage rating within one of the ranges specified in Table 38.1,
that test voltage is to be used.

43.2 An electromagnet for use on alternating current shall withstand a voltage 10 percent more than its
rated voltage continuously without damage to the operating coil and shall operate successfully at 15
percent less than its rated voltage. If a device has a voltage rating within one of the ranges specified in
Table 38.1, the test voltage is to be used.

43.3 For operatt 0 ~ORtaetor €0 0 5 e evervaltage potential

until a constal

43.4 For ope

until a constat temperature is reached and tested immediately for closing at the minimum

43.5 If an elg
component, th
the test value

43.6 The test
application iny

a) En
b) At
c) Th
d) Lo
44 Calibration
44.1 For a W
temperature @

temperature s

a) Be

t temperature is reached and tested immediately for closing at the normalli

ation at minimum voltage, the contactor coil is to be subjected to the/norm
ctromagnet is energized through a transformer, rectifier, transformer and regq
e voltage adjustments are to be made at the transformerprimary or input te

b as specified for alternating current or direct current, as ‘appropriate.

is to be conducted on samples, and using test cenditions, that represent th
olved in the use of the device. Examples are;

closed instead of open,

elevated ambient temperature,

b impedance of upstream compénents, such as described in 43.5, and
Cation near or with other-heat producing components.

-Verification Test

ater-heater control or a hot tub/spa water temperature control tested at t
r temperatures’ consistent with its intended use and for which it is to be ra

hall:

+5F (+£3°C) of the set-point temperature for a water-heater temperature-lim

e voltage.

al line voltage
voltage.

tifier, or other

rminals, using

P Most severe

e ambient-air
d, the cutout

ting control,

and a

haoptub/spa temperature-regulating and -limiting control;

b) Be £7°F (¥4°C) of the maximum temperature set point for a water heater temperature-
regulating control having a maximum temperature setting of more than 170°F (77°C). A water
heater temperature-regulating control with a maximum temperature set point of 170°F or less is

not to

be subjected to calibration-verification tests except as indicated in (c);

c) Be £5°F of the factory temperature setting for a water heater temperature-regulating control
with a maximum temperature set-point of 170°F or less. The factory temperature setting shall
be no higher than 140°F (60°C). The test shall be performed on test samples set at the
maximum 140°F or less; and
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d) Not vary from the as-received temperature, following the endurance test, by more than 5
percent of the Fahrenheit set-point temperature, or by more than 10°F (6°C), whichever is the
greater, for either control mentioned in (a), (b), and (c).

44.2 For an electric-baseboard-heater temperature-limiting control tested at ambient-air temperature or
temperatures consistent with its intended use, the cutout temperature shall:

a) Be

+15°F (x8°C) of its marked set-point temperature; and

b) Not rise above the as received temperature following the endurance test by more than 2
percent of the rated Fahrenheit temperature.

44.3 For a

4.4 &l 442 +la

erature of a

temperature-li
intended use

a) Be

4 perd
above

b) Nd
is gre

Exceq
notm
does

44.4 Among
mentioned in

a) Th
b) OV
c) Ot

445 The cal

+ ] +l +la. +la a 4 o
LUTITLTUT ULTTCT urar tTiuvot  LUVETTU Uy tUuUl tTIITH

Mmiting control, when tested at ambient-air temperature or temperatures cen
Shall:

=/==.L dIfu =5., UI1C LU

+10°F (x6°C) of its maximum marked set-point temperature up t0,a“300°F (
ent of its maximum set-point Fahrenheit temperature up to 400°F (204°C), &
400°F; and

t vary from the as-received cutout temperature following'the endurance test
hter:

1) More than 5 percent of the maximum set-point Fahrenheit temperature
2) More than 10°F.
tion: Downward drift in cutout temperature may exceed the value specified
Dre than 20 percent of the maximum, set-point Fahrenheit temperature — if suc,

hot contribute to a risk of fire, electric shock, or injury to persons. See 44.4.

the factors taken into,cansideration when investigating the downward-
Exception to 44.3 are:

P possibility of user tampering,
erlapping perfermance with a temperature-regulating control, and

her similar conditions that might result in a risk of fire, electric shock, or injur

sistent with its

149°C) rating,
nd 5 percent

by which ever

or

in (b)(1) — but

h performance

irift tolerance

to persons.

bration-verification tests on a temperature-responsive control are to be

performed on

representative production samples that have been produced and calibrated within the same tolerances
permitted in factory production. The set-point temperature of the sample is to be the maximum for which
the device is intended. The tests are to be performed in a manner that will provide a true and measurable
sensing-element temperature.
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44.6 Other than as noted in 44.8, a temperature-responsive control is to be mounted in an air oven having
forced circulation of at least 100 feet (30.5 m) per minute, and designed so as to nullify the effects of
radiation. Thermocouples are to be attached to the sensing element, on an adjacent identical element, or
located in air adjacent to the element. Indication of cutout is to be obtained by a low-energy circuit of such
value as to not provide a current assist, and the cutout temperature is to be determined as the average
of two trials.

44.7 Prior to calibration verification, uniform temperatures of all parts of a control are to be maintained by
holding the temperature approximately 20°F (11°C) below the set point until conditions of equilibrium have
been established. The temperature is then to be raised at a rate of not more than 1.0°F (0.5°C) per minute

until the control functions.

44.8 A tempgq
inserted in 3
contemplated

449 A refrig
exceeding 10f
test, the cutou
percent of the

44.10 For the
hydrostatic pr
decreased du

45 Overload

45.1 An amp
when subjectg
of 6 cycles peg)
There shall bg

pitting, or weldling of the contacts.

45.2 Other th
perform accey
of operation, 3
specified in T4

nor undue butning, pitting; or welding of the contacts.

circulating-water system. The conditions of test shall accomplish ,the
in 44.1 — 44.7.

bration-controller pressure-limiting device shall function as intended at a
percent of its maximum marked setting — see 71.2. After being Subjected to
t pressure shall not increase from the cutout pressure initially~determined b
marked setting.

tests, a refrigeration-controller pressure-limiting device is to be connected
bssure that can be accurately controlled and measured. Pressures are to bg
ing the test at a maximum rate of 1/2 psi (3.5 kRPa) per minute.

[est

bre-rated switching device not intended for controlling a motor shall perfo
d to an overload test consisting ofsmaking and breaking for 50 cycles of oper
I minute, a current of 150 percent of the rated value, at the voltage specified
b no electrical or mechanicakbreakdown or malfunction of the device, nor u

hn as noted in 45.6.and 45.7, a switching device intended for full-voltage motg
tably when subjected to a locked-rotor test consisting of making and breakin
t a rate of 6 cycles per minute, a current as described in 45.3 and Table 45.1,
ble 38.1. There shall be no electrical or mechanical breakdown or malfunctior

the element
performance

pressure not
he endurance
y more than 5

0 a source of
e increased or

'm acceptably
ption, at a rate
in Table 38.1.
ndue burning,

r starting shall
y for 50 cycles
at the voltage
of the device,
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Table 45.1
Method of determining currents for overload tests
Device rated in Motor type Current in amperes for overload test described in
paragraph indicated
Locked-rotor, 45.2, 45.6, 150-percent-current, 45.6,
and 45.7 and 45.7
Horsepower Single Phase or DC Motors | A-C: Six times the full-load A-C: 1.5 times the full-load
current specified in Table current specified in Table
454 454
D-C: Ten times the full-load D-C: 1.5 times the full-load
current specified in Table current specified in Table
45.3 45.3
Horsepower Class A 3 Phase Motor A-C: Six times the full-load A-C: 1.5 times fhe full-load
current specified in Table current specified in Table
45.4 45.4
Horsepower Class B, C, and D 3 Phase A-C: See Table 45.2 A-C; 1.5/times fhe full-load
Motors current specified in Table
A5V
Full-load and Ipcked-rotor All Rated locked rotor amperes$, } 1.5 times rated|full-load
amperes amperes
Table 45.2
Locked-rotor motor currents corresponding to various,a-c)horsepower ratings
HP 110 - 120 V 220 — 240 V | 440 — 480 V 550 — 600 V
Motor designations Motor designation§ Notor designations Mgqtor designations
B,C,D B, C, D B, C,D B,C,D
1/2 40 20 10 8
3/4 50 25 12.5 10
1 60 30 15 12
1-1/2 80 40 20 16
2 100 50 25 20
3 64 32 25.6
5 92 46 36.8
7-1/2 127 63.5 50.8
10 162 81 64.8
15 232 116 93
20 290 145 116
25 365 183 146
30 435 218 174
40 580 290 232
50 725 363 290
60 870 435 348
75 1085 543 434
100 1450 725 580
125 1815 908 726
150 2170 1085 868
200 2900 1450 1160
250 1825 1460
300 2200 1760
350 2550 2040
400 2900 2320
450 3250 2600

Table 45.2 Continued on Next Page
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Table 45.2 Continued

HP 110 - 120 V 220 — 240 V 440 — 480 V 550 — 600 V
Motor designations Motor designations Votor designations Mgqtor designations
B,C, D B,C,D B,C,D B, C,D
500 3625 2900

45.3 The current of the overload tests mentioned in 45.2, 45.6, and 45.7 is to be as specified in Table
45.1.

45.4 A contact device designed for pilot duty shall perform acceptably when subjected to an overload test
consisting of 50 operations, making and breaking a circuit of rated frequency and 110 percent of the

voltage speciffed i Table 3871, atmervats of 10 Seconds, with the contacts closed forapproximately 1

second each

the device is iptended to control — the normal current is to be determined from the voltage arn

rating of the d
contactor free
electrical or m
the contacts.

45.5 A devics
motor is acce

a) Du
for 50
in the

b) Th
locked
horse

45.6 A switc
conditions, bu
comply with th

Exception: F
conducted at
pertaining to {

45.7 A switch

ycle. The load shall consist of an electromagnet representative of the maghé

evice. The test coils shall be those described in 46.5. The test shallbé”cond
to operate, for example, not blocked in either the open or closed-pasition. Thq
echanical breakdown or malfunction of the device nor undue_burning, pitting

that has been investigated and found to be acceptable,for controlling an alte
ptable for alternating-current pilot duty without additional overload or endurary

ring the locked-rotor motor-controller test, the contacts were caused to make
cycles of operation at a rate of 6 cycles per, minute, a current having a valu
second column of Table 45.1 at a powerfactor of 0.5 or less; and

e pilot-duty inrush current at the same Vvoltage is not more than 67 percent o
-rotor motor current of the device;-or the locked-rotor current corresponding
bower rating, depending on thewbasis on which the device is rated.

N that is not intended (primarily to make and break motor current unde
t that has a manual adjusting or regulating means that may cause it to be
e requirements in 4532 for locked-rotor test.

pr a switch intended for operation on direct current, the number of operation
intervals of<30 seconds, and the device shall also comply with the require
he 150-petcent-overload test.

that may make a motor circuit under locked-rotor conditions, but that will nev

to break the g

t-coil load that
d volt-ampere
ucted with the
bre shall be no

or welding of

nating-current
ce tests if:
and break,

P as specified

f the rated
to the

I locked-rotor
50 used, shall

5 shall be five,
iments in 45.7

er be required

ircuit under such _conditions, shall perform acceptably when subjected to an

overload test

consisting of 50 cycles of making and breaking, at a rate of 6 cycles per minute, a current as specified in
the fourth column of Table 45.1. For an alternating-current device, the voltage of the test circuit shall have
the value specified in Table 38.1. For a direct-current device it shall be 50 percent of that value. The
switch shall also be subjected to the locked-rotor test described in 45.2, except that it is to make — not
break — the circuit only. There shall be no electrical or mechanical malfunction of the device, nor undue
burning, pitting, or welding of the contacts. A safety control that is subjected to the test of making — but
not breaking — locked-rotor current shall open the circuit under no-load conditions without more than a 20
percent change in its calibration.

45.7 revised January 6, 2012
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45.8 The test cycle is to be 1 second on and 9 seconds off, if the design of the device permits the test
to be so conducted.

45.9 If an ampere-rated device has the same ampere rating at more than one voltage, a test at the
highest voltage is considered to be representative of tests at the lower voltages, but if the device has a
higher ampere rating at the lower voltage than at the higher ones, tests are to be conducted at the highest
and lowest voltages.

45.10 If a horsepower-rated device has more than one voltage rating, the overload test or tests are to
cover the conditions of maximum voltage, power, and current.

45.11 Other than as noted in 45, 4 and 46.6, a current mterruptmg deV|ce for use on direct current shall
be tested with efnating current
shall be testefd with an mductlve load, except that a thermostat mtended for controlllng 2 noninductive
load, such ag a range, water heater, clothes dryer, or the like, shall be tested. Wwith g noninductive
resistance loagd.

45.12 The power factor of an inductive load shall be 0.75 — 0.80, except that itshall be 0.40 — 0.50 for a
load simulating locked-rotor conditions in a motor, and shall not be more thah 0.35 for a pilot-duty load.

45.13 Tables|45.3 and 45.4 give full-load currents corresponding to,motor horsepower ratirlgs, and are to
be used in defermining loads for the various tests specified for harsepower-rated equipment.

Table 45.3
Full-load mator-running currents in amperes corresponding to various d-c horsepower ratings

Horsepdwer W 90 volts 110 - 120 180 volts 220 — 240 500 volts 55p — 600
output) volts volts \volts
1/14 (75) - 2.0 - 1.0 - -
1/8 (93) - 22 - 11 - -
1/6 (124) - 2.4 - 1.2 - -
1/4 (187) 4.0 3.1 2.0 1.6 - -
1/3 (249) 5.2 4.1 2.6 2.0 - -
1/2 (373) 6:8 5.4 3.4 2.7 - -
3/4 (560) 9.6 7.6 4.8 3.8 - 1.6
1 (746) 12.2 9.5 6.1 4.7 - 2.0
1-1/2 (1120) - 13.2 8.3 6.6 - 2.7
2 (1290) - 17.0 10.8 8.5 - 3.6
3 {2240) - 25.0 16.0 12.2 - 5.2
5 (3730) - 40.0 27.0 20.0 - 8.3
7_1/ D (ER{\(\) 580 290 136 12.2
10 (7460) - 76.0 - 38.0 18.0 16.0
15 (11.2 - 110.0 - 55.0 27.0 24.0
kw)
20 (14.9 - 148.0 - 72.0 34.0 31.0
kw)
25 (18.7 - 184.0 - 89.0 43.0 38.0
kw)
30 (22.4 - 220.0 - 106.0 51.0 46.0
kw)
40 (29.8 - 292.0 - 140.0 67.0 61.0
kw)

Table 45.3 Continued on Next Page
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Table 45.3 Continued

Horsepower (W 90 volts 110 - 120 180 volts 220 — 240 500 volts 550 — 600
output) volts volts volts
50 (37.3 - 360.0 - 173.0 83.0 75.0
kw)
60 (44.8 - - - 206.0 99.0 90.0
kw)
75 (60.0 - - - 255.0 123.0 111.0
kw)
100 (74.6 - - - 341.0 164.0 148.0
kw)
12 (933 = = = 4250 2050 185.0
kw)
150 (112 - - - 506.0 246.0 222.0
kw)
200 (149 - - - 675.0 330:0 294.0
kw)
@ The fullfload current for a 1/4-horsepower, 32-volt direct current motor is 8.6 ampergs.
Table 45.4
Full-load mator-running currents in amperes corresponding to variQus a-c horsepower rafings
110 — 120 volts 220 — 240 volts & 440 — 480 volts 550 — 600 volts
Horsepowel 2 W Single- 3-phase | Single- 3-phase | Single- 3-phase | Single- 3-phase
Output) phase phase phase phase
1/10 (75) 3.0 - 15 - - - - -
1/8 (93) 3.8 - 1.9 - - - - -
1/6 (124) 4.4 - 22 - - - - -
1/4 (187) 5.8 - 2.9 - - - - -
1/3 (249) 7.2 - 3.6 - - - - -
1/2 (373) 9.8 4.4 4.9 2.2 2.5 1.1 2.0 0.9
3/4 (560) 13.8 6.4 6.9 3.2 3.5 1.6 2.8 1.3
1 (746) 16.0 8.4 8.0 4.2 4.0 21 3.2 1.7
1-1/2 (1120) 20.0 12.0 10.0 6.0 5.0 3.0 4.0 2.4
2 (1490) 24.0 13.6 12.0 6.8 6.0 3.4 4.8 2.7
3 (2240) 34.0 19.2 17.0 9.6 8.5 4.8 6.8 3.9
5 (3730) 56.0 30.4 28.0 15.2 14.0 7.6 11.2 6.1
7-1/2 (5600) 80.0 44.0 40.0 22.0 21.0 11.0 16.0 9.0
10 (#460) 100.0 56.0 50.0 28.0 26.0 14.0 20.0 11.0
15 (11.2 kW) 135.0 84.0 68.0 420 34.0 210 270 17.0
20 (14.9 kW) - 108.0 88.0 54.0 44.0 27.0 35.0 22.0
25 (18.7 kw) - 136.0 110.0 68.0 55.0 34.0 44.0 27.0
30 (22.4 kW) - 160.0 136.0 80.0 68.0 40.0 54.0 32.0
40 (29.8 kW) - 208.0 176.0 104.0 88.0 52.0 70.0 41.0
50 (37.3 kw) - 260.0 216.0 130.0 108.0 65.0 86.0 52.0
60 (44.8 kW) - - - 154.0 - 77.0 - 62.0
75 (46.0 kW) - - - 192.0 - 96.0 - 77.0
100 (74.6 kW) - - - 248.0 - 124.0 - 99.0
125 (93.3 kW) - - - - - 156.0 - 125.0
150 (111.9 - - - - - 180.0 - 144.0
kw)

Table 45.4 Continued on Next Page
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Table 45.4 Continued

110 - 120 volts 220 — 240 volts 2 440 — 480 volts 550 — 600 volts
Horsepower 2 (W Single- 3-phase | Single- 3-phase | Single- 3-phase | Single- 3-phase
Output) phase phase phase phase
200 (149.2 - - - - - 240.0 - 192.0
kw)

are applicabl

2 To obtain full-load currents for 200 and 208 volt motors, increase the corresponding 220 — 240 volt currents by 15 and
10 percent, respectively, for single- and 3-phase motors. To obtain full-load currents for 265- and 277-volt motors,
decrease the corresponding 220 — 240-volt currents by 13 and 17 percent, respectively. The 265- and 277-volt ratings

e for equipment rated 2 horsepower or less, single-phase only.

45.14 Curren

Exception: H
voltage specif

45.15 A circu
Table 38.1 ma

Exception: F
open-circuit vi
as the closed

45.16 Alternafing-current interrupting tests are to be conducted on a circuit having a fre

hertz. Tests a

45.17 A 2-po
device, adjacs
varies, an add
2-phase interd

45.18 A 3-po
a direct-currel
to the outside

balanced load,.

45.19 For a
specified in 74
fuse to the g

-Interrupting tests shall be conducted at the voltage specified in Table 38.1.

pr a direct-current device, current-interrupting tests shall be conducted at 50
fed in Table 38.1 in accordance with 45.7 and 46.1.

t in which the closed-circuit voltage is 100 — 110 percent of.the-test potent
y be used for the tests mentioned in 45.14.

or a device rated more than 25 horsepower (18.7 KW) or more than 100
bitage is to be 110 percent of the value specified in-Fable 38.1, or as much ab
circuit voltage is below it, whichever is less.

25 — 60 hertz may, however, be considéered to be representative.

e or 4-pole device is to be tested.6fi a single-phase or direct-current circu
bnt poles are to be used, one pole being the nearest the enclosure. If the
itional test is to be conducted, between the poles with the smallest spacing, tq
onnected systems.

e device for polyphase use shall be tested on a 3-phase circuit. A 3-pole de
t or single-phase_system with a grounded neutral shall be tested with rated \
poles and with-the middle pole electrically connected to the line and to thej

Hevice that is intended for connection to a grounded-neutral system and
.10 or-%4.11, the enclosure shall be connected during the test through a 3-am
ounided conductor of the circuit. For any other system, the enclosure is to

percent of the

al specified in

amperes, the
ove that value

bquency of 60

it. In a 4-pole
pole spacing
cover use on

ice for use on
oltage applied
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is marked as
pere cartridge
be connected
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46 Endurance Test

46.1 A switch shall perform acceptably when operated manually, by means of a machine, or by automatic
means for the number of cycles specified in Table 46.1, and at the rate specified unless the design of the
device requires a longer time to complete a cycle of operation. If an electrical load is involved, and except
as otherwise noted, a switch shall make and break its rated current at the voltage specified in Table 38.1.
Switch contacts for control of a motor are to be tested with full-load motor current; if the switch is rated in
horsepower instead of full-load motor current, the latter value is to be determined from Table 45.3 or 45.4,
whichever is applicable. If the switch contacts control a direct-current motor, and the switch normally will
make but not break the motor circuit under locked-rotor conditions, the potential of the test circuit is to be
50 percent of the value specified in Table 38.1. There shall be no electrical or mechanical breakdown of
the device, nor undue burning, pitting, or welding of the contacts.

Table 46.1
Number of cycles for endurance test

Types of deyices Number of cycles of operation 2
With current Without First Maximum Last Maximum
current cycles per cycles per
mipute minute
Safety controls including 100,000 - 75,000 6 25,000 1b

refrigeration pregsure-
limiting controls,|defrost
temperature-limifing
controls, and elgctric-
baseboard-heatgr
temperature-limifing
controls, and hot tub/spa

controls

Refrigeration coptrols 30,000 — 24,000 6 6,000 1P
Water-heater thg¢rmostats 30,000 - 30,000 1b - -
Range controls ¢ - c c c c
Fan control for dentral 30;000 - 24,000 6 6,000 1P
electric air-heating

equipment

Manually operatgd switch 6,000 - 6,000 6 - -
Protective switches not 1,000 5,000 1,000 1P 5,000 d

normally required to make
and break a circuit, such
as manually reset safety
controls, high-pressure
and high-temperature
cutouts used in addition to
the regular operating
control, and the like, but
not including
automatically-reset
controls

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Types of devices Number of cycles of operation 2
With current Without First Maximum Last Maximum
current cycles per cycles per
minute minute
Disconnect switches, such 1,000 5,000 1,000 6 5,000 d
as a manual motor-circuit
switch that is incorporated
in a device with a motor
controller
Motor controllers-ane 6-000 6-000 b -
ampere-rated dgvices not
mentioned abovg, such as
thermostats, hurpidistats,
and timing mechanisms®
Appliance contrdls 6,000 - 6,000 1b - -
30,000 - 24,000 6 6,000 1b
100,000 - 75,000 6 25,000 1P

a Magnetic, man
tested at the rat

b For all controls
so tested, using

¢ For range cont
d When no curre
€ See 38.2 for W
f Number of ope

ual and motor-operated switches, or the like, and switchessthat'snap with lost motion and do nd
b of 6 cycles per minute.

, the test is to be conducted with 50 + 20 percent on time. A temperature-or pressure-operated
a slow rate of change.

ols, refer to 38.6.1 — 38.9.2 and Table 38.3.

nt is used, the switch may be operated at any¢onvenient speed.

all-mounted room thermostats for direct control of fixed electric space heating.
Fations are determined by requirements.of an appliance.

t creep, may be

control is to be

46.2 Two sa
equipment th
be subjected
cycle per miny
on time is to K
mechanical b
of SAMPLE 1

46.3 SAMPLE

ples of a wall-mounted room thermostat intended for direct control of electric
t is to be permanently connected electrically (designated SAMPLE 1 and SAN
0 an endurance test consisting of 6000 cycles of operation at the rate of ng
te and at 110 percent of both the rated current and the voltage specified in T

pakdown ofweither thermostat, and there shall be no undue burning or pitting
See 46-X

described in 46.2{ except that the rated current and the test voltage specified in Table 38.1]

E 2Ms't0 be subjected to an additional 30,000 cycles of operation under

space-heating
IPLE 2) are to
t more than 1
hble 38.1. The

e 50 +20 percent, and operation is to be by thermal means. There shall be no electrical or

bf the contacts

the conditions
is to be used.

The test may be discontinued if the thermostat becomes inoperative due to the contacts not opening or
closing. There shall be no indication of a risk of fire or electric shock.

46.4 The conditions for the endurance test are to be as described in 45.9 — 45.19.
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46.5 A contact device designated for pilot duty is to perform acceptably when operated for

the number of

cycles specified in Table 46.1, making and breaking a circuit of rated frequency and at the voltage

specified in Table 38.1. Unless the design of the device requires a longer time to compl
operation, the rate of operation for the test is to be as follows:

a) For a manually operable device, the first 1000 cycles are to be at the rate of 1

ete a cycle of

cycle per

second — except that the first ten or 12 operations are to be made as rapidly as possible — and

the remaining cycles are to be at the rate of 6 cycles per minute, with the device ¢
approximately 1 second each cycle; and

b) For a self-actuated device the cycle rate is to be as specified in Table 46.1.

46.6 The loag+ STAEE v a6
intended to cgntrol. The normal current is to be determined from the voltage and volt-ampe
device. The tgst current is to be the normal current; and for an alternating-current device, th
is to be 0.35|or less and the inrush current is to be ten times the normal cugrent; unlg
accordance wjth 69.11. The test is to be conducted with the contactor free to operate, that
either open of closed. There shall be no electrical or mechanical breakdown’of the dev
pitting or burnjng of contacts.

46.7 If a device requiring an endurance test of 100,000 cycles has, two or more electricg
example, different currents at different voltages — it may be tested:fornot less than 25,000
rating, but thg total number of cycles on any one sample is nét'to be more than 100,000
sample is to He tested for 100,000 operations.

46.8 If equipment requiring an endurance test of 30,000~¢ycles has two or more electrical
be tested for
is not to be mpre than 30,000. At least one sample’js to be tested for 30,000 operations.

46.9 With reference to 46.7 and 46.8, the endurance testing can only be divided to accomm
electrical ratings if all three of the following eonditions are met:
a) Edch electrical rating is of the same load type — for example, each rating is a r

b) Ea
and

h rating is of thé same frequency — for example, each rating is at a frequen

c) The power=NA — of each rating is not less than 75 % of the VA associated wi
poweled load:

losed for

t the device is
e rating of the
e power factor
bss marked in
s, not blocked
ce nor undue

| ratings — for
cycles at each
. At least one

ratings, it may

ot less than 7,500 cycles at each rating, but the total number of cycles on any one sample

odate multiple

Psistive rating;

cy of 60 Hz;

th the highest



https://ulnorm.com/api/?name=UL 873 2015.pdf

104

TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873

NOVEMBER 16, 2007

47 Dielectric Voltage-Withstand Test

47.1 General

47.1.1 Equipment shall withstand for 1 minute, without breakdown, the application of an alternating
potential of 1000 volts plus twice maximum rated voltage:

a) Between line-voltage live parts and grounded or exposed metal parts or the enclosure with
the contacts open and closed;

b) Be

47.1.2 A wall
that is to be

without break
terminals. Su
There shall be
terminal asse

47.1.3 A dev
application of
polarity with ¢
metal parts.

47.1.4 The ¢
low-voltage, n

47.1.5 A tran
potential of 10
and secondar

47.1.6 A pow
alternating po
frequency, be
application of
frequency, be
secondary win

tween line-voltage live parts of opposite polarity with contacts closed; and

mounted room thermostat intended for direct control of electric space<heat

permanently connected electrically (designated SAMPLE 1) shall, withstand

Hown, the application of an alternating potential of 900 volts between the

bplementary insulation may be placed between the thermostat contacts du
no breakdown either through or across the insulating material supporting th
blies.

ce employing a low-voltage circuit shall withstafid for 1 minute, without b
an alternating potential of 500 volts applied between low-voltage live par
pntacts closed, and between low-voltage live parts and the enclosure and ¢

pposite polarity dielectric voltageswithstand test may be omitted for a
pnsafety circuit that is beyond any-fixed impedance.

former, shall withstand for 2-minute, without breakdown, the application of
00 volts plus twice the maxifmum rated primary voltage, at rated frequency, be
 windings and between*the primary winding and the core or enclosure.

er transformer shall withstand for 1 minute, without breakdown, the apqg
ential of 1000yolts plus twice the maximum rated primary or secondary vo
ween primagyrand secondary windings, and shall withstand under the same
an alternating potential of 1000 volts plus twice the rated voltage of each wi
ween‘each winding and the core or enclosure, except that the test betwee
dings)is omitted for an autotransformer.

imited-power

ng equipment
for 1 minute,
line and load
ring this test.
e contact and

eakdown, the
[s of opposite
rounded dead

portion of a

an alternating
tween primary

lication of an
tage, at rated
conditions the
nding, at rated
n primary and

47.1.7 A device employing a barrier or liner to insulate an exposed dead metal part shall withstand a
dielectric voltage-withstand test as described in 47.1.1 between live parts and the exposed dead metal
part. See Table 32.1.

47.1.8 If a device involves a meter or meters, such instruments shall be disconnected from the circuit and
the complete device subjected to a dielectric voltage-withstand test as described in 47.1.1 — 47.1.7. The
meter or meters shall then be tested separately in accordance with the tests outlined in 47.1.1 — 47.1.3 —
whichever is applicable — except that an ammeter in a line-voltage circuit shall be tested at 1000 volts.
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47.1.9 After the conditioning specified in 47.1.11, the insulation on a flexible pigtail lead for a line-voltage
circuit or for a low-voltage safety-control circuit where breakdown will cause unsafe operation shall
withstand for 1 minute, without breakdown:

a) When dry, an alternating potential of 1000 volts plus twice maximum rated voltage, and

b) After exposure to moist air, an alternating potential of rated voltage plus 500 volts.

47.1.10 A flexible pigtail lead for low-voltage circuits other than specified in 47.1.9 shall comply with the
requirement in 47.1.3.

47.1.11 A lead thatis to be tested dry is to be condrtroned for 24 hours ina desrccator with dry calcium

chloride, and @

having a relat

47.1.12 To d¢

employed as {
is to be the of
samples.

47.1.13 To dd
to be tested
essentially sin
required test
potential is to
indicated by 4

47.2 Induced

47.2.1 Each ¢f three separate magnet-coil-winding samples shall withstand without break

mentioned in
the conditiong
subjected to 3
hertz or highe
is to be attain
more than 15
seconds to on

ve humldlty of 85 15 percent at a temperature of 32 +2°C (90 +4°F)

termine if a lead complies with the requirement in 47.1.9, the strajght cong
bne electrode and a 1-inch-wide metal-foil wrap, located away from the ends
er electrode. The foil is to be located at three different positionSor on threq

using a 500 volt-ampere or larger capacity transformer the output voltag
usoidal and can be varied. The applied potential'is to be increased from
evel is reached, and is to be held at that levelfor 1 minute. The increase
pbe at a substantially uniform rate and as rapidly.as is consistent with its value
voltmeter.

potential

B2.3.1(b)(2) after constant temperatures have been reached as the result of o
specified in Temperature Test, Section 40. While still heated, the coil wi
n alternating potential, of-twice the rated voltage at any suitable frequency
I — for 7200 electrical\cycles or for 60 seconds, whichever is less. The require
ed by starting at (One-quarter or less of the full value and increasing to the fu
seconds. After_being held for the time specified, the voltage is to be red
e-quarter or.less of the maximum value, and the circuit is to be opened.

termine whether a device complies with the requirements-in 47.1.1 — 47.1.19,

uctor is to be
pf the sample,
separate test

the device is
e of which is
zero until the
in the applied
being correctly

down the test
peration under
hding shall be

T typically 120

bd test voltage
Il value in not
uced within 5
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47.3 Induced potential repeated

47.3.1 While heated following operation at 110 percent of rated voltage as specified in Operation Test,
Section 43, each of three samples shall withstand without breakdown a repeated induced potential test at
65 percent of the potential applied in accordance with 47.2.1.

47.3.2 If the temperature that a coil winding reaches in the tests described in 47.2.1 and 47.3.1 is known,
an oven may be set at the required temperature and used to condition the sample to that temperature
before conducting the test.

47A Abnormal Operation Test
47A added August 15, 2013

47A.1 Generdl

47A.1.1 The abnormal conditions described in this section shall be imposed and maintainedl until ultimate
results are objained.

47A.2 Abnormal Switching Test
47A.2.1 Contfols incorporating electronic circuitry to trigger the .control’s output switchling device at
specific phasq angles near zero degrees in order to achieve switChing of higher capacity lpads, shall be
subjected to this abnormal switching test. This test is applicablédvhen:
a) Lopds and circuits are only non-safety, and
b) Switching device components are used heyond their evaluated ratings. These ¢valuated

ratings of switching devices are typically -detérmined without electronic triggering techniques,
such as zero cross switching.

47A.2.2 Two fest samples shall be prepared and connected as follows:

a) The driver circuit to the switching device is to be removed or modified to allow fandom
switching.

b) A ground arc fault.indicating fuse is connected to accessible dead metal of the [control. This
fuse ghall be 3-ampere maximum, non-time delay type fuse rated not less than the working
volta

c) The centrol is to be supported on a tissue paper covered softwood surface, andl is to be
coverg¢dhwith a double layer of cheesecloth conforming to the outline of the controll The
cheesecloth is in accordance with 63.1.2.

d) The rated supply circuit is connected through a branch circuit protection device sized
according to installation requirements.

e) The control is connected to its rated electrical load.
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47A.2.3 The prepared test samples shall be operated in accordance with the Endurance Test, Section 46,
including the number of operating cycles and on/off periods, using random switching. The test samples
shall be operated until either the required number of endurance test cycles are achieved or until ultimate
results are demonstrated for 1h stabilized duration.

47A.2.4 Immediately after each abnormal switching test, each control shall be subjected to the Dielectric
Withstand Test, 47.1.

47A.2.5 The control shall either operate as intended in accordance with the endurance test specifications,
or demonstrate an end-of-life fail safe condition with no evidence of an imminent electrical shock, fire or
injury to persons hazard. There shall be no:

a) Op

H £ al £ L olot $i £
CIHrTy U uic yrouuriu ars rauit utitLiuurt TUoT,

b) Burning of the cheesecloth,

¢) Ogening of the branch circuit protection device, and

d) Breakdown during the post-abnormal switching dielectric withstapd testing.

48 Volt-Ampdre Capacity Test

48.1 An isolated limited-secondary circuit shall have a contindQus-use capacity of 100 v¢lt-amperes or

less when ené

48.2 A single;
of at least 5
volt-amperes,

48.3 Each se
resistor. Starti
from open-cir
minutes. Dep4
method are tg

a) 35

b) 25

c) 20

brgized from a circuit of rated frequency at the veltage specified in Table 38.
lwound secondary transformer is to attain@temperature rise on the enclosur
D°C (90°F) when the secondary is leaded to the maximum output atta
whichever is less.

condary winding of a multisecondary transformer is to be loaded in turn v
hg with a cold transformer for-each part of the test, the load resistance is to
Cuit to short-circuit in suchva manner that the elapsed time is between 1-
be as follows:

D volt-amperes\for 0 — 15 volts;

D volt-ampéres for 15.1 — 30 volts; and

D velt-amperes for 30.1 — 1000 volts.

.

B, core, or coil
nable or 100

ith a variable
be decreased
1/2 and 2-1/2

ending upon the open-cireuit voltage of the winding, the maximum outputs altained by this
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49 Burnout Test

49.1 A continuous-duty resistor shall not burn out or be adversely affected by carrying the full normal
current on any step continuously. A resistor intended for intermittent use shall carry its rated current on
any step for as long a time as the apparatus that it controls will permit.

49.2 A power transformer, other than a transformer supplying a low-voltage, electronic, or
isolated-limited-secondary circuit is to be operated as described in 49.3. There shall be no damage to the
enclosure or emission of flame or molten metal.

49.3 The device is to be operated continuously at the voltage and frequency specified in Table 38.1 and
38.1.2, with the encIosure grounded. The Ioad connected to the output termlnals |s to be a resistance of
such value thg : e device, and
operation is t¢ be continued until constant temperatures are indicated on the enclosure or until burnout
occurs.
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49.4 A circuit on which a transformer is tested is to be protected by fuses rated at least ten times the
primary current rating of the transformer, and opening of the fuses is acceptable. The test is to be
conducted with the output terminals short-circuited, if such a condition results in less than three times
full-rated current being drawn from the secondary. If other means of limiting the load to less than three
times normal is inherent in or provided as part of the product, these features are to be given consideration
and the burnout test conducted at the maximum load permitted by the limiting features.

49.5 A transformer supplying an isolated-limited-secondary circuit or an electronic circuit that is not Class
2 is to be tested in accordance with 49.2 — 49.4, except all secondary windings are to be short-circuited.
See 63.1.4.

49.6 A transformer or power source supplying a Class 2 circuit is to be tested as specified in 63.12.1 —
63.12.7.

50 Short Circhit Test
50.1 Mercuryitube switch

50.1.1 Equipment employing a mercury-tube switch intended for connectionwo a line-voltage circuit shall
perform acceptably when tested in series with a standard, nonrenewablée«cartridge fuse on g direct-current
circuit of the oltage specified in Table 38.1, except that alternating,current with a nonindugtive load may
be employed if the product is intended for use on alternating current only. The fuse rating gnd capacity of
the test circuif is to be as specified in Table 50.1.

Table 50.1
Mercury switch short-circuit\test conditions

Volts Maximum rating Circuit current, Minimum fuse rating at least equal to switclh amperes
amperes rating, or the nearest standard fuse 2 not gxceeding four
times motor full-load ampere rating but not Jess than:
0 — 125 volts 126 — 250 volts 251 — 600 volts
0-250 2000 volt-ampere 1000 20 15 -
0-250 30 ampere 3500 30 30 -
0 - 250 60 ampere, 3500 60 60 —
0 - 250 Over 60 ampere 5000 b b -
251 - 600 Unlinited 5000 - - 30

a For the purpoge of this test¢'standard ampere ratings for fuses are 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 40, 100, 110,
125, 150, 175, 400, 225, 250, 300, 350, 400, 450, 500, 600, 601, 700, 800, 1000, and 1200.

b Fuse size as specifiedin heading.

50.1.2 There stattbemogmtiomof thecottormor insutatiorm o circoit tonductors, orermission of flame
or molten metal—- mercury excepted — from the enclosure housing the switch. Wiring attached to the
product, except tube leads, shall not be damaged.

50.1.3 The enclosure and any other exposed metal are to be grounded, and cotton is to be placed around
all openings in the enclosure. Successive operations are to be conducted by alternatively closing the short
circuit on the mercury-tube switch and closing the mercury-tube switch on the short circuit by means of a
switching device.
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50.1.4 To determine if a mercury-tube switch complies with the requirements in 50.1.1 — 50.1.3, each of
three samples is to be operated three times with sufficient time between successive operations on any one
sample to permit cooling to room temperature, unless the switch is damaged so as to open the circuit
permanently before the specified number of operations is conducted. The switch need not be operative
after the tests.

50.2 Conductor

50.2.1 If required — see Exception No. 3 to 28.1.1 — there shall be no damage to any conductor, its
insulation, or termination as a result of the short-circuit test described in 50.2.2 — 50.2.5.

50.2.2 Three sets of samples are to be subjected to the test. Each set is to consist of a group of two
CondUCtorS, a Id JTIC UUT |duutu| A tuta: Uf II;IIU UUIIdUbtUIO. ThC bUIIdUbtUIO arc tU bU Uf he type, Slze,
length, or the |ike used in the equipment with terminations as used in the equipment at each|end. For each
sample the cpnductor or conductors are to be routed within a length of conduit, \f sp used in the
equipment, or|they are to be placed on a metal plate.

50.2.3 The cgnduit or metal plate is to be connected to the unfused pole of the supply circuit. For the tests
on one set, the two conductors are to be connected to the power supply and'the terminals at the load end
are to be connpected together. For the tests on the other set, the conductoris to be connected across the
supply circuit.

50.2.4 The tept circuit is to be a 2-wire circuit having a power faetor of 0.9 — 1.0, and available current as
specified in Table 50.2, at the voltage specified in Table 38.1xThe open-circuit voltage of the test circuit
is to be 100 4 105 percent of the specified voltage. A nonrenewable fuse that will not opgn in less than
12 seconds when carrying twice its rated current is to be.eonnected to 1 pole of the supply circuit.

Table' 50.2
Circuit capacity for conductor short-circuit test

Combined rating of device Horsepower (W) Volts Cirquit capacity in
amperes
Volt-amperes Volt-amperes, Volt-amperes,
single-phase 3-phase direct-current
0-1176 0 -832 0 - 648 1/2 maximum (373) 0 - 250 200
0-1176 0-832 0 - 648 1/2 maximum (373) 251 — 600 1000
1177 — 1920 833 .-'1496 649 — 1140 over 1/2 (373) to 1 0 - 600 1000
maximum (746)
1921 - 4080 1497 — 3990 1141 - 3000 1 (746) to 3 (2200) 0 - 250 2000
4081 - 9600 3991 — 9145 3001 — 6960 3 (2200) to 7-1/2 0 - 250 3500
(5600)
9601 or mor: Q146 or mara 6061 or mara QOvar 7 1'I’) (I:Rnn) a] 250 5000
1921 or more 1497 or more 1141 or more Above 1 (746) 251 - 600 5000

50.2.5 The fuse is to have a current rating equal to that of the branch-circuit overcurrent-protective device
to which the equipment will be connected, but not less than 20 amperes.
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50.3 Equipment for motor control

50.3.1 Equipment having a rating of more than 50 horsepower (37 kW output) or one or more motor
overload relays shall comply with the applicable short-circuit test requirements in the Standard for
Industrial Control Equipment, UL 508.

51 Parts Containing Liquid Metal Test

51.1 Parts of a control intended for use with cooking or other food-handling appliances that contain
mercury, and parts of any control that contain sodium, potassium, or both shall withstand for 1 minute,

without leakage or rupture, a hydraulic pressure equal to five times the maximum operating pressure.

51.2 The hyd
or diaphragm
intended for u
51.4.

51.3 Parts off
mercury, and

a) Nd
temps

b) Cd
punct

51.4 Mercury
or diaphragm
or the like. It
or compartme
There shall be

52 Two-Step

52.1 General

52.1.1 A surfgace-unit control intended for use on a range or a counter-mounted cooking un

to have a min
Only one ope
in this section

L rada o Al rH | + Il 4 hall
aulliv PTToouTt 1o U VT ITTLTTASTU UTTUT TUPLUTT ULLUT S, TTICT TUPLUTT oAl ULLUI

or other part that will be within the switch body or control enclosure;,angd
be with cooking or other food-handling appliances, outside of the food-cantaini

a control intended for use with cooking or other food-handling appliance
the parts of any control that contain sodium, potassium, or beth shall:

t leak or rupture when heated to 120 percent of the maximum load Fahrenhg
rature, and

mply with the requirements in 51.4 when the bellows or diaphragm is delibe
ired with a sharp pointed metal rod.

escaping due to the deliberate rupture by-overpressure or deliberate punctuf
shall not enter an oven or food handling compartment, or contact food hand
bhall be contained in the switch bedy or control enclosure or be expelled ou
nt. Sodium, potassium, or bothshall be contained in the switch body or con
no resulting risk of fire.

Operation Surface-Unit €Eontrols Test

mum of tio-operations or the equivalent shall comply with the requirements
ation shall be required to turn such a control off. New samples are to be use

at the bellows
for a control
ng space. See

5 that contain

it

ately

e of a bellows
ing hardware,
[side the oven
trol enclosure.

t and required
n this section.
d for the tests
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52.2 Push- and pull-and-turn controls

52.2.1 A rotary switch having a push-and-turn or a pull-and-turn operating sequence shall comply with the

following:

a) The in-line force required to push or pull the shaft shall be at least 2 pounds (8.9 N), and the
travel from the normal rest position to the turn position shall be at least 1/32 inch (0.8 mm).

b) A 30-pound (134-N) in-line push or pull force on the adjusting shaft shall not damage the
switch.

c) For a control intended for use only with a knob having a grip diameter or length of 2 inches
(50.8

AY 1 .
Ty Uuricoo.

tacts without
ue of 30
main a two-

1) A means provided to restrict rotation of the shaft and closing of the,con
prior push or pull operation shall not be defeated or damaged whenla torq
pound-inches (3.4 N-m) is applied to the shaft — that is, the control shall re
operation type.

Exception: A stop that is defeated when a torque of atleast 15 pound-ing
is applied to the shaft may be used if:

hes (1.7 N-m)

i) The contacts remain open and cannét be closed in this or subs
operations of the control; or

pquent

contacts; and
nd-turn to

ii) The stop or detent is not brokén but is overridden to close the
in subsequent operation, requires both push-and-turn or the pull-a
close the contacts.

2) There shall not be bridging-or grounding of live parts or other risk of firg or electric
shock if the stop or detent of the control is broken or damaged when a torgue of 30
pound-inches or more-as-specified in (c)(1) or 15 pound-inches or more a$ specified in
the Exception to (c)(1);"whichever is appropriate, or a greater torque, is agplied. A
torque greater than.50 pound-inches (5.7 N-m) is not used for this test.

3) The torque required to open the contacts shall not be more than 4 pou
N-m).

nd-inches (0.5

d) A ¢ontrohintended for use with a knob having a grip diameter or length of morg than 2
inche$ (50.8-mm) shall comply with the requirements in (c)(1), (2), and (3) at a value of torque
incregsed proportionally to the grip diameter or length of the knob from those spedified.

e) A control other than as mentioned in (f) shall comply with the requirements in (a), (b), and
(c) following an endurance test consisting of 6000 cycles of operation. A new sample is to be
pushed or pulled and turned in one direction to the high heat position then turned back to the
off position. If the construction is different in the other direction of rotation, a second endurance
test is to be conducted on a new sample operated in the other direction.

f) A control as described in the Exception (ii) to (c)(1) shall comply with the requirements in (e)
except that the actuator is to be turned for the first 1000 cycles of operation without first
pushing or pulling.
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52.3 Other types of controls

52.3.1 A surface-unit control of other than a push- or pull-and-turn control shall be tested as appropriate
for its construction to demonstrate that it has strength and reliability at least equivalent to that required for
a push- or pull-and-turn control.

53 Strain-Relief Test

53.1 A strain-relief device shall comply with the requirement in 53.2.

53.2 A strain-relief device shall withstand without damage to the cord or conductors and without
displacement a direct pull of 35 pounds (156 N) applied to the cord for 1 minute. Supply connections within

1 + [ PAH tacl £ 4 H ] L al H +ha. + +
the equlpmen Aarc U ve UioLuUTmmicLiTu imuniT terimimialo Ul OPITLC o UuriinTy it 1T ot.

54 Acceleratgd Aging Tests on Gaskets, Sealing Compounds, and Adhesives

54.1 The reqyirements specified in 54.2 — 54.6 apply to gaskets and sealing“compound$ employed to
make an encl;tsure raintight or rainproof as determined in accordance with the tequirementg in Rain Test,
Section 56. The requirements specified in 54.7 apply to adhesives requiret\te’ secure such|gaskets to an
enclosure or gover.

54.2 Neoprene or rubber compounds, except foamed materials,<0sed for gaskets to seal|an enclosure,
shall have phjsical properties as specified in Table 54.1 befofe and after accelerated aging under the
conditions spgcified in Table 54.2.

Table 541
Physical properties for gaskets
Neoprene or rubber compound Polyvinyl chloride
miterials
Before test After test Before After test
test

Recovery — Magimum set when 1-inch 1/4 inch (6.4 mm) - Notf specified
(25.4-mm) gagdg marks are stretched to
2-1/2 inches (63.5 mm) held for 2 miputes
and measured 2 minutes after release
Elongation — Minimum increasetin distance 250 percent, 1 — 3-1/2 65 percent of original 250 75 percent
between 1-inch|gage marks, atibreak inches (25.4 — 88.9 mm) percent, {L | of original

- 3-1/2

inches
Tensile Strength — Minimum force at 850 psi (5.9 MPa) 75 percent of original 1200 ps 90 percent
breaking point (8.3 MP3q of original
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Table 54.2

Accelerated aging conditions

Measured temperature rise Material Test program
oC °F
35 63 Rubber or neoprene Air oven aging for 70 hours
at 100.0°C * 2.0°C (212.0°C
+ 3.6°F)
35 63 Thermoplastic Aged in full-draft, air-
circulating oven for 168 hours
at 87.0 + 1.0°C (188.6
1.8°F)
50 90 RUbberor Teoprene AT overr agmygfor 168 hours
at 100.0°C *20°C (212.0°F
+ 3.6°F)
30 90 Thermoplastic Aged 'in full-drafft, air-
circulating over] for 240 hours
at 100.0 £ 1.0°C (212.0 +
T.0°F)
95 99 Rubber, neoprene or Aged in full-draft, air-
thermoplastic circulating over] for 168 hours
at 113.0 £ 1.0°C (235.4 +
1.8°F)
g5 117 Rubber or nepprene Aged in full-drafft, air-
circulating over] for 240 hours
at 121.0 £ 1.0°C (249.8 +
1.8°F)
g5 117 Thermoplastic Aged in full-drafft, air-
circulating over] for 168 hours
at 121.0 £ 1.0°C (249.8 +
1.8°F) for 1440| hours at 97.0
+ 1.0°C (206.6 |+ 1.8°F)
g0 144 Rubber, neoprene or Aged in full-drafft, air-
thermoplastic circulating over) for 168 hours
at 136.0 £ 1.0°C (276.8 +
1.8°F)
54.3 Foamed|neoprene or rubbercompounds used for gaskets to seal an enclosure are t¢ be subjected
to accelerated aging under the conditions specified in Table 54.2. The compounds shall [not harden or
otherwise detgriorate to a.degree that will affect their sealing properties.
54.4 Thermoplastic “materials used for gaskets to seal an enclosure shall be subjected {o accelerated
aging under the conditions specified in Table 54.2. Thermoplastic material shall not defoym or melt, or
otherwise detgtiorate to a degree that will affect its sealing properties. Solid polyvinyl-chloride gasket

material shall have physical properties as specified in Table 54.1 before and after the accelerated aging.

54.5 Tensile strength and elongation are to be determined using the test methods and apparatus
described in Test Methods for Vulcanized Rubber and Thermoplastic Rubbers and Thermoplastic

Elastomers — Tension, ASTM D412.
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54.6 A sealing compound shall be applied to the surface it is intended to seal. For a temperature rise not
exceeding 35°C (63°F), a representative sample of the surface with the sealing compound applied shall
be conditioned for 7 days in an air oven at 87°C (189°F). The sealing compound shall not melt, become
brittle or otherwise deteriorate to a degree that will affect its sealing properties as determined by
comparing the conditioned sample to an unconditioned sample.

54.7 If gaskets are secured by adhesives, samples of the gasket, adhesive and mounting surface shall
be exposed for 72 hours to each of the following conditions, for a temperature rise not exceeding 35°C
(63°F):

a) 100°C (212°F),

b) Im

H H diatillacl + Al
MCTOTUTT ITT UToumcu vwalter, Aariu

¢) Minus 10°C (14°F).

54.8 The forc bt be less than

75 percent of

b required to peel the gasket from its mounting surface after exposure shall n
the value determined on as-received samples.

54,9 The tem
measured on
shall be nong
equivalent res

nperature rise
in this section
shall provide

perature rises mentioned in this section correspond toxthe maximum ten
he gasket during the temperature test. Materials othey than those mentioned
bsorptive and they, and any materials having higher temperature rises,
istance to aging and temperatures.

55 Metallic Cpating Thickness Test

55.1 The nj
metallic-coatir

ethod of determining the thickness of a zinc or cadmium cogting by the

g-thickness test is described in 55.2¢555.9.

iter of reagent

55.2 The test|solution is to be made from distilled water and is to contain 200 grams per |

grade chromid
The latter is e

1.84, containipg 96 percent of H,SO,.

55.3 The test]
equipped with
of 5.5 inches
which are abd
be inserted in
the stopcock i

acid (CrO3); and 50 grams»per liter of reagent grade concentrated sulfuric
uivalent to 27 milliliters perliter of reagent grade concentrated sulfuric acid, §

solution is to be& contained in a glass vessel such as a separatory funnel
a stopcock and_a capillary tube having an inside bore of 0.025 inch (0.64 mnj
140 mm). Theé lower end of the capillary tube is to be tapered to form a tip, {
ut 0.025milliliters each. To preserve an effectively constant level, a small g
the top.ef'the funnel through a rubber stopper and its position is to be adjusted
S Qpen, the rate of dropping is 100 5 drops per minute. If desired, an addit

acid (H2804)
pecific gravity

ith the outlet
) and a length
he drops from
ass tube is to
so that, when
onal stopcock

may be used

nplace of the glass tube to control the rate of dropping.

55.4 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room, which is to be noted and recorded. The test is to be conducted at an ambient
temperature of 21.1 — 32.2°C (70 — 90°F).
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55.5 Each sample is to be thoroughly cleaned before testing. All grease, lacquer, paint, and other
nonmetallic coatings are to be removed completely by means of solvents. Samples are then to be
thoroughly rinsed in water and dried. Care is to be exercised to avoid contact of the cleaned surface with
the hands or any foreign material.

55.6 The sample to be tested is to be supported from 0.7 — 1 inch (17.8 — 25.4 mm) below the orifice, so
that the drops of solution strike the point to be tested and run off quickly. The surface to be tested is to
be inclined about 45 degrees from horizontal material.

55.7 The stopcock is to be opened and the time in seconds until the dropping solution dissolves the
protective metallic coating, exposing the base metal, is to be measured. The end point is the first
appearance of the base metal recognizable by a change in color at that point.

55.8 Each sample of a test lot is to be subjected to test at three or more points, excludifng|cut, stenciled,
and threaded [surfaces, on the inside surface and at an equal number of points on th& outsjde surface, at
places where| the metallic coating may be expected to be the thinnest. On enclosurgs made from
precoated shegets, the external corners that are subjected to the greatest deformation are|likely to have
thin coatings.

55.9 To calcylate the thickness of the coating being tested, select from_Table 55.1 the thickness factor
appropriate frpm the temperature at which the test was conducted and multiply by the time in seconds
required to expose base metal as noted in 55.7.

Table 55.1
Thickness of coatings

Temperature, degrees F (C) Thickness factors 0.00001 inch (0.00025 mm) jper second
Cadmium platings Zinc platjngs
10 (21.1) 1.331 0.980
11 (21.7) 1.340 0.990
12 (22:2) 1.352 1.000
13 (22°8) 1.362 1.010
14 (23.3) 1.372 1.015
15 (23.9) 1.383 1.025
16 (24.4) 1.395 1.083
17 (25.0) 1.405 1.042
18 (25.6) 1.416 1.050
19 (26.1) 1.427 1.060
4o (26.7) 1.438 1.070
41 (27.2) 1.450 1.080
82 (27.8) 1.460 1.085
83 (28.3) 1.470 1.095
84 (28.9) 1.480 1.100
85 (29.4) 1.490 1.110
86 (30.0) 1.501 1.120
87 (30.6) 1.513 1.130
88 (31.1) 1.524 1.141
89 (31.7) 1.534 1.150
90 (32.2) 1.546 1.160
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56 Rain Test

56.1 Raintight or rainproof equipment shall be exposed to a water spray as described in 56.2 — 56.5. The

exposure shal

| not result in:

a) Entrance of water into a raintight enclosure, or

b) Entrance of water above the lowest live part or wetting of live parts in a rainproof enclosure.

Exception: Water may enter a rainproof enclosure above live parts if the design is such that no water is
visible on live parts, insulating materials, or mechanism parts and no water has entered any space above
live parts within the enclosure in which wiring may be present under any proper installation conditions.

56.2 A raintig
service. Unsp
compound. Af
end of each ¢
entry of a cor
openings in th

56.3 The dev|
cause the ent
and in differe
adverse condi
the equipmen
that the result

56.4 At the cq
to be opened

56.5 The wat
as illustrated i
pressure for 3
the center noZ
area of the th
water will entd
device.

ht or rainproof enclosure is to be attached to a vertical clapboard surface
bcified lengths of conduit are to be attached with normal torque and without
each unthreaded wiring opening, a locknut and bushing are to be used. T
bnduit is to be covered to prevent entry of water during the test. Opehings in
ductor or conductors for Class 2 wiring in a low-voltage circuitt@re not to b
e enclosure bottom need not be closed.

ce is to be operated so that it is tested under the normal conditions judged
Fance of water. It may be necessary to operate the/omit under various mode
Nt mounting or operating handle positions, if applicable, or to energize th
tions could result. Each exposure is to be for 1 hour. If more than one exposu

5 of the test will not be adversely affectedy prior exposures.

nclusion of each test, the outside of the enclosure is to be wiped dry. The en
for inspection.

br spray apparatus is to consist of three spray heads mounted in a water su
N Figure 56.1. Spray heads:are to be constructed in accordance with Figure 5

zle and the unit is tohe approximately 3 feet (0.9 m). The unit is to be brough
ree spray heads(insuch position and under such conditions that the great
r the unit. The\spray is to be directed at an angle of 45 degrees to the verti

hsS in intended
a pipe thread
he unattached
tended for the
e sealed, and

most likely to
s of operation
b unit if more
re is required,

is to be reconditioned, if necessary, prior to the second and each subsequent exposure so

Closure is then

pply pipe rack
5.2. The water

Il tests is to be maintained at 5 psi (34.5 kPa) at each spray head. The distance between

t into the focal
bst quantity of
cal toward the
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Figure 56.1
Spray-head pipe rack

PLAN VIEW

ol A

X/// :

~

Y

/N i SEE DETAIL OF SPRAY, HEADS AN
BN EEAN 7N 1\
7\ N / 1 \ , [
Iy N o N 4 ,' \\
! \‘ / : \ | \
SEE DETAIL ‘A’ WATER PRESSURE GAGE
[/ FoR eacH SeRaY e PIEZOMETER ASSEMBLY
DETAIL Al
c %
il

_ A)
T \
\- CONTROL VALVE FOR
EACH SPRAY HEAD

\
SIDE VIEW ‘\
FOCAL POINT ———=
RT101B

Iltem inch mm
A 28 710
B 55 1400
C 2-1/4 55
D 9 230
E 3 75
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Figure 56.2
Spray head

ASSEMBLY®

=

S

F

BODY

L)

— B—=

| —

/2" TAPERED PIPE
THREAD-ANSI B2.1

LI

3
™Max) |
H (DRILL THRU>

45°C’SINK-SCDEEPY

—

INSERT

SPACE 120°
—
N

UCDRILL THRU>

—1
D

L

N (MAX.)
’7 3 HOLES- TCDRILL THRU>

R(DRILL~TE,_DEPTH
| ~"REQUIRED' FOR THROAT)

—VCHEX. OR ROUND

BAR STOCK)

3-SQUARE SECTION SLOTS-W WIDE x G DEEP - SPACE 120° —
60°HELIX-LEADING EDGES)TANGENT TO RADIAL HOLES

SA0820B
Item inch mm Iltem inch mm

A 1-7/32 31.0 N 1/32 0.80
B 7/16. 11.0 P 0.575 14.61
C 9/16 14.0 0.576 14.63
D 0.578 14.68 Q 0.453 11.51

0.580 14.73 0.454 11.53
E 1/64 0.40 R 1/4 6.35
F © © S 1732 0.80
G .06 1.52 T (No. 35)P 2.79
H (No. 9)b 5.0 u (No. 40)° 2.49
J 23/32 18.3 \Y, 5/8 16.0
K 5/32 3.97 W 0.06 1.52
L 1/4 6.35
M 3/32 2.38

1979(R1987).

¢ Optional— To serve as wrench grip.

@ Molded nylon Rain-Test Spray Heads are available from Underwriters Laboratories, Inc.
b ANSI B94.11 Drill Size — Twist Drills, Straight Shank and Taper Shank Combined Drills, and Countersinks, ANSI 94.11M-
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57 Time-Calibration Verification Test

57.1 General

57.1.1 A time-delay or thermal relay that responds to a temperature-limiting control or other control
requiring a calibration-verification test — see 38.5.1 or Table 38.3 — is to be subjected to the following tests
in the order presented.

a) Initial time-calibration-verification Test I.

b) Initial time-calibration-verification Test Il at different ambient air temperatures and voltages.

c) En
d) Tin

57.2 Bimetal-

Uuraricve.

he-calibration-verification after endurance.

heater design

57.2.1 A bimgtal-heater, hot-wire, or similar device shall be time calibratethas specified in

57.3 Initial tinpe-calibration-verification Test |

57.3.1 The operating times determined in the initial time-calibration-verification tests shal

tolerances allg

57.3.2 Initial
shortest, aver
tolerances, to
sample; or, at

57.3.3 For th{
the bimetal h
energized at 1
The current th

57.3.4 Room
ambient air te

wed for the device function. See Table 38.3.

represent the intended variations in @ line of devices. One test is to be cond
the manufacturer’s request, the time'setting is to be recorded as the average

pater de-energized, until*\¢onditions have stabilized. The actuating heater
ated voltage, and the time for each load circuit to close is to be determined
rough the load circuit.is to be a value sufficient for detection purposes.

temperature is'to'be nominally 25°C (77°F), except that if the timing is sever
mperature, the manufacturer’s specified ambient air temperature range is to

57.3.5 For th¢ time-to-open calibration-verification test, the device is to be at room temper

in 57.3.3 and

57.3.4with the actuating heater energized at rated voltage and:

time-calibration-verification tests shall he“conducted on separate samplg
hge, and longest rated time settings, and*on samples of different assigned p

b time-to-close calibration-verification test, the device is to remain at room ter

this section.

be within the

s having the
roduction-time
Lcted on each
of three tests.

nperature with

is then to be
and recorded.

bly affected by
be used.

hture as noted

a) Maximum rated current through all load-circuit contacts, or

b) A detection current through the load contacts if current does not affect timing.

57.3.6 When thermal equilibrium is attained, the actuating heater is to be de-energized, and the time for
each load circuit to open is to be determined and recorded.
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57.4 Initial time-calibration-verification Test Il

57.4.1 Additional initial time-calibration-verification tests shall be conducted using the method described

in 57.3.3 - 57

.3.6 except that the test conditions shall be:

a) Rated actuating heater voltage and an ambient air temperature of 0°C (32°F);

b) Rated actuating heater voltage and an ambient air temperature equal to the maximum rating,
but not less than 66°C (151°F);

c) Eighty-five percent of rated actuating heater voltage and room temperature; and

57.4.2 The re
57.5 Endura

57.5.1 An en(
be conducted
current and af

57.5.2 The a
number of cyq
at a maximun
multistage de
Additional ovg
The samples

57.6 Time-ve

57.6.1 The s3
the Initial Tim4

device functipn, see Table 38.3\\The dielectric voltage-withstand test is then to be

accordance w

sults are to be considered when investigating the control in the end-us€equ

e

lurance test, preceded by an overload test as described in Overload Test, Se
on one sample having the highest heating effect from the actuating heater
maximum rated ambient temperature.

Ctuating heater is to be cycled using rated ambient temperature and rateg
les is to be as specified for the device function,.see Table 38.3. The test is to
h rate of 1 cycle per minute or as specified 7 note a to Table 46.1. Only
Vice is to be loaded, unless loading of th€-other poles contributes to timir
rload and endurance tests are to be conducted on separate samples for add
need not be calibrated, unless such ratings contribute to timing differences.

ification and dielectric voltage-withstand tests after endurance

imple subjected to the endurance test shall be recalibrated using the metho
-Calibration-Verification*Fest I. The test results are to be judged by the requir

th the Dielectric ¥oltage-Withstand Test, Section 47.

jre.

pment.

ction 45, shall
, at maximum

voltage. The
be conducted
one pole of a
g differences.
itional ratings.

d specified for
ements for the
conducted in
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57.7 Other designs

57.7.1 Alimiting-type time-delay relay of a design not contemplated by these requirements shall be tested
in a manner appropriate for its design to obtain the results contemplated by 44.3 — 44.10 or 57.3.2 —
57.6.1.

58 Snap-On Covers Test

58.1 A snap-on cover that gives access to live parts or film-coated wire and that does not have a
tool-operated fastener shall have no apparent means of removal; such as an extending tab, and shall

withstand the

following tests:

a) A
when
openi
parts
the te
poung
excee
surfag
perfor

b) A
is par
in Fig
the cd
partial
at any
perfor

c) A

of the
intern
incheg

apply

ot [N 1 £ A + AN ™ P~ N o H £
PUVET At LAl UT TTITCASTU TTUTTT STLUTTTTITTIU WILTT UTiT Tialniu vy A OHUCULIIIU 1

subjected to this test, either not be released, or when the cover is partially
g between cover and case shall not permit the probe illustrated in Figlre 7.
br film-coated wire, require a subsequent operation to remove the cover, ang
5ts described in (b) and (c) in the partially-released position. A squeezing for
s (62.3 N) or less is to be applied at any two points, the distance’between w
d 5 inches (127.0 mm), as measured by a tape stretched tightly over that po
e of the cover that would be encompassed by the palm of.the hand. The teg
med before and after ten removal and replacement operations.

tover shall, when subjected to this test, either not\become disengaged, or w

ire 7.1 to touch live parts or film-coated wire, ¥equire a subsequent operatio
ver or enlarge the opening, and comply with'the tests described in (a) and (
ly removed position. A direct pull of 14\pounds is to be applied. The cover is

med before and after ten removal-and replacement operations.

over shall withstand an impagt force of 1 foot-pound (1.35 J) applied to accq
cover — one blow per face:= without being displaced, and there shall be no
bl parts or malfunction.of-the control as a result of this test. A steel ball appr

(50.8 mm) in diameter and weighing approximately 1.18 pounds (535 Q) is
the impact.

orce shall,
bleased, the

L to touch live
comply with
ce of 14

hich shall not
rtion of the

t shall be

nen the cover

ially released, the opening between cover and-case shall not permit the probe illustrated

h to remove
L) in the
to be pried

two convenient points in one test and*at any point in a separate test. The tgst is to be

pssible faces
damage to
bXimately 2
[o be used to
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59 Bonding Conductor Tests

59.1 Overcurrent

59.1.1 A bonding conductor that does not comply with the requirement in 22.2.8 is acceptable if:

a) The bonding conductor does not open when carrying for the time specified in Table 59.1, a
current that equals twice the branch-circuit overcurrent-device rating — see 59.1.3 — but not less
than 40 amperes; and

b) None of three samples of the bonding conductor, selected at random, opens during a limited
short-circuit test with a current as specified in Table 50.2 when in series with a fuse as

descripetHr59-+2-ane-59-+3:
Table 59.1
Duration of current-flow, bonding-conductor test
Oyercurrent-device rating, amperes Minimum duration of current flow, minutes

30 or less 2
31-60 4
61 — 100 6

59.1.2 The ci
limited to the
voltage of the
through a nor
current. One t

59.1.3 The fy
overcurrent-dg

59.2 Resistar]

59.2.1 The r¢g
ohm.

59.2.2 The rg
resistance red

59.2.3 Wheth

Fcuit for the test described in 59.1.1(b) is to have a power factor of 0.9 — 1.
current specified in Table 50.2, at the voltage 'specified in Table 38.1. Th
test circuit is to be 100 — 105 percent of the¢specified voltage. The circuit is to
renewable fuse that does not open in léss'than 12 seconds when carrying
PSt is to be performed on each of threesamples of the bonding conductor subj

se mentioned in 59.1.1 is to have a current rating equal to that of the
bvice to which the equipment wilt be connected, but not less than 20 ampere

ce

sistance between-fwo’ parts connected by a bonding conductor shall not be
sistance is)te be kept as low as possible in the event that a control is subjec
uirementynh end-use equipment.

Er ‘eguipment complies with the requirements in 59.2.1 may be determined b

instrument. If

D and is to be
e open-circuit
be connected
twice its rated
ect to the test.

branch-circuit
5.

more than 0.1

t to a 0.1 ohm

y any suitable

P S vraciilte Aavra yinanaantallA A AltAarnatins ~Anirrant Af At Inact 90 AamanArac

CTCoUto ar T OrmaCT T ptaiorc T ot ot g~ COT Tt U ot ISt 20 Al igtits

from a power

supply of not more than 12 volts is to be passed from the point of connection of the equipment grounding
means to the metal part in the grounding circuit, and the resulting drop in potential is to be measured
between the two points. The resistance in ohms is to be determined by dividing the drop in potential in
volts by the current in amperes passing between the two points. The grounding conductor of a

power-supply

cord is not to be included in this measurement.
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60 Permanence of Marking Test
60.1 General

60.1.1 Unless known to be acceptable for the application, a pressure sensitive label that is required to be
permanent shall be tested as described in 60.1.2.

60.1.2 After being subjected to the conditions described in 60.1.3 and 60.2 — 60.6, a pressure-sensitive
label or a label secured by cement or adhesive is considered to be permanent if immediately following
removal from each test medium and after being exposed to room temperature for 24 hours:

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

b) The label resists defacement or removal as demonstrated by scraping across_the test panel
with g flat metal blade 1/16 inch (1.6 mm) thick, held at right angles to the test panel; and

¢) Thg printing is legible and is not defaced by rubbing with thumb or_finger presspre.

60.1.3 Labelg intended for indoor residential equipment may be subjectedi\te’ the humidity] test specified
in 60.6.1 in place of the immersion test specified in 60.3.1.

60.2 Oven-ading

60.2.1 Three|samples of the label applied to test surfacesras in the intended application are to be
conditioned fgr 240 hours in an air oven maintained at the temperature specified in Table $0.1.

Table\60.1
Oven-aging.test'temperature

Maximum temperature during normal temperature test.of Oven temperature
surface to which applied
4 S °c ot
60 of less 140 or less 87 149
80 of less 176 or less 105 241
100 gr less 212 or less 121 250
125 gr less 257 or less 150 302
150 gr less 302 or less 180 346
Ove[ 150 302 a
a A label that is applied to a surface attaining a temperature greater than 150°C (302°F), during the normal tefnperature test,
is to be oven-dgediat’a temperature representative of the temperatures attained by the appliance during normgl and
abnormal oper&ties-
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60.3 Immersion

60.3.1 Three

conditioned for 24 hours in a controlled atmosphere maintained at 23

samples of the label applied to test surfaces as in the

intended application are to be
+2°C (73 £4°F) with a relative

humidity of 50 +5 percent. The samples are then to be immersed for 48 hours in water at a temperature
of 21 +2°C (70x4°F).

60.4 Standard-atmosphere

60.4.1 Three

conditioned for 72 hours in a controlled atmosphere maintained at 23

samples of the label applied to test surfaces as in the

humidity of 50 +5 percent.

intended application are to be
+2°C (73 =4°F) with a relative

60.5 Unusual

60.5.1 If a la
surfaces as it
maintained at
immersed for
solution would

60.6 Humidity

60.6.1 Three
with an 85 +5

61 Strength g

condition exposure

bel is exposed to unusual conditions in service, three samples of the llabel
the intended application are to be conditioned for 24 hours ina-controllg
23 £2°C (73 £4°F) with a relative humidity of 50 £5 percent. The samples
48 hours in a solution representative of service use maintairied at the te
attain in service, but not less than 23 £2°C (73 £4°F).

samples of the test panels are to be suspendediin a humidity cabinet at 32 4
percent relative humidity for 72 hours.

f Adjustment Stop Test

61.1 An adjug
high a tempe

tment stop of a control shall not be ‘damaged so as to cause a reduction of
ature setting, or other condition‘that may result in a risk of fire, electric sho

persons when subjected for 15 seconds to\the tests described in 61.3 — 61.8.

61.2 As a result of the tests specified“in this section:

a) If

change in setpaint'is a factor, a calibration-verification test as specified in

Verifigation Test, Settion 44, is to be conducted before and after the strength test.

after the test shall.net differ from the as-received value more than the amount spe
Sectign 44;

b) Spacings shall not be reduced to a value less than those specified in Spacings
and

bpplied to test
d atmosphere
hre then to be
mperature the

2°C (90 +4°F)

spacings, too
Lk, or injury to

alibration-
The setpoint
cified in

Section 32;

¢) The marked off position, if any, shall comply with the requirements in 11.5 — 11.12.

61.3 Breakage of the adjustment is acceptable if the requirements in 61.2 are met and the adjustment
stop withstands one-half the specified test value.
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61.4 For a control that is operated by a push, pull, slide, toggle, or lever adjustment, a force is to be
applied to the free end of the adjustment in line with the intended movement in each direction of operation.
The force is to be 20 pounds (89 N) for a commercial or industrial control and 10 pounds (45 N) for a
household product control. A separate sample is to be used for each test.

61.5 A control adjustment operated as described in 61.4 and intended for use with an extended operator,
handle, or lever is to be tested with the in-line force applied to the free end of an extension representing
the intended end-use application.

61.6 For a control that is operated by a rotary adjustment intended for use with a knob having a grip
diameter or grip length of 1 inch (25.4 mm) or less, a torque is to be applied to the shaft in each direction
of intended operation. The torque is to be 9 pound-inches (1.0 N-m) for a commercial or industrial control
and 7 pound-i O8Ny used for each

L L ™ Lbald <l 4 deal A + 1 iata o
TCTTC O (V. O TN TUT A TTUUOTTIVIU JTUUULL CUTTUHUT. A oTPAratc odalmipivc 1o tU T
test.

61.7 A contro

or grip length
than that spec

that is operated by a rotary adjustment intended for use with a knoh having §
of more than 1 inch (25.4 mm) is to be subjected to a torque that, is’proport
ified in 61.6, based on the larger grip diameter or grip length oftthe knob us

grip diameter
onally greater
ed. The value

for the torque|to be used is to be determined by the formula:

in which:

T is the test torque in pound-inches (N-m),
D, is the grip diameter or grip_length, as applicable, in inches (m),
D is 1 inch (0.025 m),

kis 9
N-m)

pound-inches, (1.0 N-m) for a commercial or industrial control, or 7 pound-in
for a household control.

ches (0.8

61.8 If a leve
described in 4

I armiis intended to be attached to a rotary-control shaft, the assembly is t¢ be tested as
1.4\with the force applied to the free end of the lever.

61.9 If an adjustment means is not provided with a control, the manufacturer is to assign a maximum
dimension for the knob, lever, toggle, or the like to be used with the control, and this dimension is to be
used for determining the torque value.
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62 Polymeric Materials Tests

62.1 General

62.1.1 An assumed ambient temperature of 40°C (104°F) is to be used in determining the required
temperature rating of the polymeric enclosure.

62.1.2 An enclosure of polymeric material shall comply with the Standard for Polymeric Materials — Use
in Electrical Equipment Evaluations, UL 746C.

62.1.3 An enclosure of polymeric material, shall comply with the applicable requirements in Table 62.1.

Takl o0 1

TAVIC U4, L
Tests related to the use of polymeric materials for enclosures

Part 1 — Jonditions of use 1 2 3 4

Material i used as the indirect support of live No No Yes Yes

parts. Thg material is used to support

electrical gomponents that contain live parts,

for example, switches, relays, terminal blocks,

and the life

Part 2 — Hquipment description

Equipmeni is intended for indoor use Yes No Yes No

Equipmenf is intended for outdoor use No Yes No Yes

Part 3 — Applicable requirements

Tests Paragraphs

1. Conduit connection 62;2111 — 62.3. X X X X

a Referenge is to be made to Part 1 and Part 2 tocfind the column that matches the combination of conditjons of

use for th¢ polymeric material and the equipmentiunder consideration. The "X" appearing in that column |n Part 3

designate$ the applicable requirements.
62.2 Conduit connections
62.2.1 Genergl
62.2.1.1 A polymeric enclosure intended for connection to a rigid conduit system shall withstand, without
pulling apart, or damageé such as cracking and breaking, the pullout test, torque test, an¢l bending test
described in §2.2.2.1.="62.2.4.2.
Exception: Thé-torque test does not apply to an enclosure that is not provided with a preassembled hub

and that has instructions stating that the hub is to be connected to the conduit before being connected to
the enclosure.
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62.2.2 Pullout

62.2.2.1 The enclosure is to be suspended by a length of rigid conduit installed in one wall of the
enclosure and a direct pull of 200 pounds (90.8 kg) is to be applied for 5 minutes to a length of conduit
installed in the opposite wall.

62.2.3 Torque

62.2.3.1 The enclosure is to be securely mounted as intended in service. A torque is to be applied to a
length of installed conduit in a direction tending to tighten the connection. The tightening torque for rigid
conduit threaded into the opening in the enclosure is to be 800 pound-inches (90.4 N-m) for 3/4-inch and
smaller trade sizes, 1000 pound-inches (113 N-m) for 1-, 1-1/4-, and 1-1/2-inch trade sizes, and 1600
pOUnd-lnCheS 181 :\‘ll III) fUI 2 ;II\.’h alld :GIHCI tl adc Q;LCD. ThC :CVCI anrmt IO tU bC mCGOUICd f Om the Center

of the conduit

Exception: An end-of-line enclosure — an enclosure that is intended to be connected at the end of a run
of conduit andgl has only one 3/4-inch maximum trade size opening for the conheetion of qonduit — need
only be subjegted to a tightening torque of 200 pound-inches (22.6 N-m).

62.2.4 Bending
62.2.4.1 A lepgth of conduit — at least 1 foot (305 mm) long — of¢the proper size is to be installed in the
center of the largest unreinforced surface, or in a hub or an opéning if provided as part of the enclosure.
The enclosure is to be securely mounted as intended in setvice, but positioned so that the installed

conduit extenfls in a horizontal plane. The weight necessary to produce the desired bending moment
when suspended from the end of the conduit is to be detérmined from the formula:

w . H=oFa

in which:
W is the weighthin-pounds, to be hung at the end of the conduit;

L is the length of the conduit, in inches, from the wall of the enclosure to the pointlat which the
weight js\suspended;

C is the weight of the conduit, in pounds; and

M is the bending moment required in pound-inches.
62.2.4.2 The bending moment for the test described in 62.2.4.1 is to be as specified in Table 62.2. If the
enclosure surface may be installed in either a vertical or horizontal plane, the vertical bending moment

value is to be used.

Exception: For an end-of-line enclosure — see the Exception to 62.2.3.1 — the bending moment need only
be 150 pound-inches (16.9 N-m).
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Table 62.2

Bending moment

Normal mounting o Bending moment, pound-inches (N-m)
plane of enclosure Conduit size,
surface inches Metallic conduit Nonmetallic conduit
Horizontal All 300 (33.9) 300 (33.9)
Vertical 1/2 - 3/4 300 (33.9) 300 (33.9)
1-up 600 (67.8) 300 (33.9)

mm) for a 10 foot (3.1 m) length of conduit.

Note — The test may be terminated prior to attaining the values specified if the deflection of the conduit exceeds 10 inches (254

62.3 Knockouts

62.3.1 If knogkouts are incorporated in an enclosure made of polymeric material, they s
place when sibjected to a force of 20 pounds (89 N) applied at right angles by meahs’ of §
a 1/4-inch (6.4-mm) diameter flat end. The mandrel shall be applied at the point most |
movement of the knockout.

63 Class 2 Ppwer Sources and Circuit Tests
63.1 General

63.1.1 For Class 2 power sources and circuits, the tests described in this section, the
conducting th¢ tests and the number of samples for each tést is specified in Table 63.1.

hall remain in
L mandrel with
kely to cause

sequence of
A\ sample may

be used for more than one test if it is not damaged in_a @revious test. If a test results in gamage to the

power source, additional samples may be necessary.to complete the test series. Unl
specified, each test is to be conducted at the supply-voltage specified in Table 63.2.

Table 63.1
Test sequence” and number of samples

pss otherwise

Test sequenge Paragraph reference Test Number of
samples 2
1 63.3.1 Open-circuit secondary voltage 3
2 63.41~ 63.6.2 Output circuit and power 3
3 63.7.1 — 63.7.3 Calibration of overcurrent-protective devices 3
4 63.8.1 — 63.8.3 Rated secondary output 3
5 63.9.1 Rated output heating 1
6 63.10.1 Dielectric voltage withstand 1
7 63.11.1 — 63.11.3 Component breakdown L or more
8 63.12.1 — 63.12.7 Overload heating 1 or more
9 63.13.1 Repeat dielectric voltage withstand 1 or more
10 63.14.1 — 63.14.2 Overload of overcurrent- or overtemperature- 3
protective devices
11 63.15.1 — 63.15.2 Endurance of automatic reset overtemperature- 3
protective devices
a The same samples are to be used for these tests in the sequence indicated; however, if any nonreplaceable protective
device opens or a coil burns open as permitted in 63.4.2 — 63.8.1 and 63.12.2 — 63.13.1, additional samples are to be used
for the remaining tests. These additional samples need not be subjected to the preceding tests.



https://ulnorm.com/api/?name=UL 873 2015.pdf

128

TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL 873

NOVEMBER 16, 2007

Table 63.2
Values of test voltage

Rated primary voltage Test voltage

120 or less 12020

121 - 219 Rated voltage?
220 — 240 240

241 — 253 Rated voltage?®
254 - 277 277

278 — 439 Rated voltage?®
440 — 480 480

451 — 549 Rated voltage?
550 — 600 600

a |f the rated

b |f a transfo
be marked a

oltage is expressed as a range, the maximum voltage of the range is to be used.

Imer is rated less than 110 volts and is not intended for use on a 110 — 120 volt circuit, the tran
indicated in 69.4 and the test voltage is to be the rated voltage.

sformer shall

63.1.2 For thg
heating test,

automatic res
parts of the ¢
3-ampere non
branch-circuit
surface, and i
source. The ¢
(26 — 28m?/kg

(for any square centimeter, 13 threads in one direction and 11 in the other direction).

63.1.3 During
the following ¢

a) Oq
b) Op

c) Ch

d) Enpission of flame or molten material from the transformer enclosure;

e) D€

b output current and power test, calibration of overcurrent protective devices
overload of overcurrent- or overtemperature-protective (devices test, and
bt overtemperature protective devices test specified in,thiS section, all expos
ower source are to be connected to the live pole léast likely to strike gro
-time delay type fuse. The power source is to be¢connected to a circuit havi
protection. The power source is to be supparted on a tissue paper Cove
5 to be covered with a double layer of cheesecloth conforming to the outling
neesecloth is to be bleached untreated cottan cloth running 14 — 15 square y3

and for any square inch a count of 32 thireads in one direction and 28 in the

the tests mentioned in 63.1.2, aisk of fire or electric shock is considered to
ccur:

ening of branch-circuit protection;
ening of groundipg fuse;

arring of cheesecloth;

test, overload
endurance of
bd dead metal
ind through a
ng 20-ampere
bred softwood
p of the power
rds per pound
pther direction

exist if any of

velopment of any openlng in the enclosure that exposes live parts at a poterrtlal of more

than t

Ial prLIIIEU T Tabte 63310 dlly othrer part Or to gIUUIIU

f) Noncompliance with the repeat dielectric voltage-withstand test in 63.13.1;

g) Exceeding the applicable values in Tables 63.3 and 63.4; or

h) Rise of the temperature on the enclosure exceeding 60°C (108°F).

Exception: The temperature rise on the enclosure during the test may be greater than 60°C but
not greater than 125°C (225°F), if the transformer open-circuits without the emission of flame or
molten material and without other evidence of risk of fire, electric shock, or injury to persons, in
less than 1 hour after the primary winding is energized.
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63.1.4 If a portion of an isolated-limited-secondary or electronic circuit is connected to low-voltage
field-wiring terminals, one set of samples is to be subjected to the shorted-secondary test described in
49.5 and a second set of samples is to be tested as specified in this section, but with the load applied at
the equipment output terminals. The energy level at the equipment output terminals, the temperatures
measured, and opening of the overcurrent protective device shall comply with the requirements for a
Class 2 power source.

Table 63.3
Maximum voltage
Alternating voltage, direct voltage, and Row Instantaneous Fundamental frequency, Peak volts
combinations thereof, where the voltage polarity (fo) hertz
change in instantereets-vekage-fore .
duration equal t¢ 5 percent of the More than Less than Wet _cpntact Ilkbely to
period of the furjdamental frequency but oceur
of the waveform(is: 2 No Yes
Column 1 2 3 4 5
0 3 60 30
3 4 55 27.5
4 5 50 25
5 6 45 225
6. 7 40 20
7 8 35 175
For any duratior], greater than: 8 9 30 15
9 10 25 125
A. 20|volts where wet contact 10 200 24. 12.4
is not|likely to occur, or
A does notreverse 200 300 26 13
300 400 28 14
B. 10|volts for locations where 400 500 31 155
wet cpntact is likely to occur
500 600 34 17
600 700 37 18.5
700 800 41 20.5
800 900 46 23
900 1000 51 255
1000 1400 56 28
1400 60 30
reverses Values to be determined by an|investigation
For all durations} notymore than: C does not reverse Any 60 30
A. 20 volts where wet contact 30 V peak
is not likely to occur, and 60 V peak and 42.4 vd
B. 10 volts for locations where and 84.8 V¢ peak-to-peak
wet contact is likely to occur D reverses Any peak-to-peak
NOTES
1 The peak output voltage is to be measured with the input voltage applied in accordance with Table 38.1.
2 The allowable voltage is not specified for the possible nonrepetitive transient wave during initial manual turn-on or turn-off of the
power source or equipment.
2 The change in instantaneous voltage at 5 percent of the period of the fundamental frequency of the waveform is to be
determined by taking any 18-degree segment along the waveform and determining the change in instantaneous voltage in that
segment. See Figure 63.1

Table 63.3 Continued on Next Page
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Table 63.3 Continued

Alternating voltage, direct voltage, and Row Instantaneous
combinations thereof, where the voltage polarity
change in instantaneous voltage for a
duration equal to 5 percent of the

Fundamental frequency,
(fo) hertz

Peak volts

More than Less than

Wet contact likely to

b
period of the fundamental frequency but oceur
of the waveform is: 2 No Yes
Column 1 2 3 4 5

equipment, such as controls for bathroom plumbing equipment.
¢ For a sinusoidal wave, 84.8 volts peak-to-peak equals 30 volts rms.

b Wet contact likely to occur applies to parts of outdoor equipment, such as automatic lawn sprinkling systems, and indoor

d For a sinusoidfirwave, 222 VoS pear-T0-peak equals 15 VoS TIS.
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Figure 63.1
Sine wave ¢

1.0 R A

0.9

SINE OF ANGLE
[~

(0] 30 60 90 120 150

[0.]
o

SEGMENTS OF FUNDAMENTAL FREQUENCY - DEGREES

S2171

2 Values of the sine for angles from 0° to 180°
b Eighteen-degree segment if started at zero.

¢ The 18-degree segment may be measured anywhere along the wave, and is to include any angle from 0° to 360°.
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Table 63.4
Current and power limitations

Circuit characteristics Inherently limited power source — Not inherently limited power source —
overcurrent protection not required overcurrent protection required
Circuit voltage (volts) 0-20 Over 20 but  Over 30 - 0-15 Over 15 but  Over 20 but
not more 60 Vvd not more not more
than 30 than 20 than 60
Power limitation (volt- - — — 350 250 250
amperes)?
Current limitation 8 8 150/V max 1000/V jax 1000/V jax 1000/V nax
(amperes)P©
Maximum, avercurrent = = = Y =Y 100/V max
protection| (amperes)
Power sofirce nameplate
ratings
Power (watts or volts- 5 X Viax 100 100 5 %X Vinax 5 ¥ Vinax 100
amperes)°©
Curfent (amperes)°© 5 100/V max 100/V max 5 5 YOO/V jhax
NOTES

1 In all cgses the applied primary voltage is to be as indicated in Table 63.2.
2 Root-m¢an-square value for voltage and current.

a8 Maximufn volt-ampere output after 1 minute of operation regardless oflead, and overcurrent protection,|if used,
bypassed| When current-limiting impedance evaluated for the purpose,istused, the current-limiting impedance shall
not be bypassed.
b Maximufn output current after 1 minute of operation under any-nohcapacitive load, including short circuif, and
with overqurrent protection, if provided, bypassed. When curtent-limiting impedance evaluated for the purpose is
used, maximum output current after 5 seconds of operation with current-limiting impedance not bypassed
¢ Vax is the maximum output voltage (rms) with rated ipput voltage applied.

d This colpimn pertains only to waveforms which do not'reverse in polarity. See Figure 63.4.

63.2 Ambient|air temperature

63.2.1 The tests described in this section are to be conducted in an ambient air temperajure within the
range of 21 —[30°C (70 — 86°F), except that the rated output heated test — with or without sfandard fuses,
but without other forms of overcurrent and overtemperature protectors — may be conducted|in an ambient
temperature of 10 — 40°C (50 + 104°F).
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63.3 Open-circuit secondary voltage

63.3.1 The open-circuit voltage between any two secondary output terminals of a power source shall not
be more than the value specified in column 5 of Table 63.3 for the indicated frequency, with or without
any combination of interconnected secondary terminals when the primary is energized in accordance with
the voltage specified in 63.1.1.

Exception No. 1: The open-circuit voltage between multiple sets of secondary output terminals may
exceed the values in column 5 for the indicated frequencies when secondary terminals are interconnected,

if the following conditions are met:

a) The open-circuit voltage between any two terminals is not more than the values in column 5

for th

b) Th

Exception No,
combination d
more than thej
use in accord.

Exception No
exceed the
interconnecte

a) Th
colum
termir

b) Th
the wi

63.3.2 With rg
(360 degrees
determined in
along the hori
the 18 degree
any 18 degre
include a zer
greatest volta

HE =1 tacl £ =1 = ban o PRV V3P el Lot = aal £
mraicatcuu irm CL’MCI Il/y vwiricrTr o curimic o uaurnio arc 1rmiiauc voivic Tl ot L uUr Iual)’ 113
e power source is marked in accordance with the interconnection of limitatio

2: The open-circuit voltage between any two secondary output terminals with
f interconnected secondary terminals may be more than the values in coll
values in column 4 for the indicated frequencies if the productis marked for
hnce with 75.8.

3: The open-circuit voltage between multiple setsyof secondary output
alues in column 4 for the indicated frequencies when the secondary
), if the following conditions are met:

e open-circuit voltage between any two gutput terminals is not more than the
n 4 for the indicated frequency when ng@ connections are made between sec
als, and

e power source is marked with<both the interconnection limitations specified
pt-contact limitations specified-in 75.8.

bgard to Table 63.3, the change in instantaneous voltage for all durations equ
x 0.05 = 18 degrees) of the period of the fundamental frequency (f;) of th
the manner shown'in Figure 63.2. The 18 degree time interval is to be loca
yontal axis that.the greatest voltage change takes place. For a sine wave, thi
time interval\is’centered about a zero-crossing point. For a saw-tooth wave,
b interval\which includes the retrace interval. For other waveforms, the int
D-crossing point. Each 18 degree segment must be examined to locate
e change.

minals, and
hs in 74.9.

or without any
mn 5, but not
ot wet contact

ferminals may
terminals are

values in
ondary

in 74.9 and

al to 5 percent
b waveform is
ited anywhere
5 occurs when
this occurs for
erval may not
he interval of
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Figure 63.2
Eighteen-degree segments of common waveforms

NOTES:

For waveform A the maximum change in instantaneous voltage for 5 percent ef the fundamental frequency period is determined as
follows:

AV = V2 - Vl

= (42.4) (sin 171) - (42.4) (sin 189)

=A42:4) (0.156) — (42.4) (minus 0.156)

=6.63 + 6.63

AV = 13.26 volts

For waveform B, fhe maximum change in instantaneous voltage for 5 percent of the fundamental frequency period is determined as
follows:

AV = V2 - Vl

=848-0

AV = 84.4 volts

This is an unacceptable waveform because the voltage change exceeds the 60 volt limit listed in column 4 of Table 63.3, where the
waveform does not reverse in polarity.
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63.3.3 Whether or not the instantaneous voltage reverses in polarity is determined as shown in Figure
63.4.

63.3.4 Figure 63.5 shows examples of acceptable waveforms where the instantaneous voltage does not
reverse in polarity and the change in instantaneous voltage is more than 20 volts if wet contact is not likely
and more than 10 volts if wet contact is likely. The maximum acceptable voltage is a function of the
fundamental frequency (f,) of the waveforms as shown in Table 63.3. The maximum acceptable voltage
for locations where wet contact is likely is half that allowed for locations where wet contact is not likely.

63.3.5 Figure 63.6 shows examples of acceptable waveforms where the instantaneous voltage does not
reverse in polarity and the change in instantaneous voltage is not more than 20 volts if wet contact is not
likely and not more than 10 volts if wet contact is likely. The maximum acceptable voltage is 60 volts peak

63.3.6 Figure|63.7 shows examples of acceptable waveforms where the instantanegus vojtage reverses
in polarity and| the instantaneous voltage is not more than 20 volts if wet contact is,not’likelyy and not more
than 10 volts|if wet contact is likely. The maximum voltage allowed is 60 valts’ peak and 84.8 volts
peak-to-peak |f wet contact is not likely and 30 volts peak and 42.4 volts peak-to-peak if wet contact is
likely.

63.4 Maximu;[v current of inherently limited power source
e

63.4.1 The effective value (rms value of the periodically time-varying voltage or current) i to be used in
the calculatiors for current and power.
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Figure 63.3
Eighteen-degree segment of irregular waveform
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NOTE:
For the nonsinusgidal waveform shown, the maximum change in instantaneous voltage for 5 percent of the fundgmental frequency
period is determinjed as follows:
AV=V, -V,

= 0.62 x 42.4 - 0 (taken graphically)
=26.3

Because the voltage change exceeds 20 and the waveform does reverse polarity, an investigation would be required to determine
if the waveform is acceptable as indicated in row B of Table 63.3.

If the change in instantaneous voltage was not more than 20 volts, see row D of Table 63.3.
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Figure 63.4
Polarity determination
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Figure 63.5
Waveforms of same polarity with large AV
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Figure 63.6
Waveforms of same\polarity with small AV
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Figure 63.7
Waveforms with polarity reversal
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63.4.2 The olitput current of a power source intended to be inherently power limited shall

described in 6B.4.3 — 63.4.9. See the flow chart in*Eigure 63.8. The results are acceptable if
of operation the current does not exceed the yalues specified in Table 63.4 for inherently]

sources.

be tested as
after 1 minute
limited power
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Figure 63.8
Test flow chart
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lo = Current
I = Current
I, = Current
I3 = Current
I4 = Current

Figure 63.8 (Cont'd)

at opening
at 1 minute
in Sample of Set No. 2
in Sample of Set No. 3
in Sample of Set No. 4

lexp = Extrapolated current at 1 minute

a=634.6
b =63.5.1
c=634.1
d=634.4

e = Table 63

f=63.4.5
g=6347
h=63.4.38

63.4.3 Unlesq
terminals, if a
in 63.1.1 — 63
of current (inc|
and the powe

63.4.4 The inj
ohms. If the s
of each lead q

63.4.5 If oper
value of curre

63.4.6 If durin

is to be repeated with the protective device shorted.

63.4.7 If the ¢
samples are {|
1 minute just

63.4.8 If the
operation, a t
midway betwg

ny, are to be interconnected to produce maximum current. Under the conditi

the power source is marked in accordance with 74.9, multiple secondary windings or output

1.4 and 63.4.5, a resistance load is to be determined thatproduces the large
uding short circuit). The secondary winding(s) is to be’Joaded with this value
source is to be energized as described in 63.1.1 «63.1.4 while at room ten

pedance of the short circuit measuring circuit innthe secondary is not to be n
bcondary winding of a transformer is provided'with leads or a flexible cord, 1
r the cord is to be included in the short gircuit.

ption of a protective device exposeshe power source to the effects of arcing
ht at such operation shall not exceed 10 amperes.

g this test the current is intefrapted by a resettable or replaceable protective d

urrent is interrupted‘by a nonresettable, nonreplaceable protector or by coil
b be tested by atfempting to continuously adjust the resistance load to hold
bbove the value_specified in Table 63.4.

current described in 63.4.7 exceeds the value specified in Table 63.4 afte
hird sample is to be tested with the resistance load adjusted to provide an
enthe maximum initial obtainable value and the value specified in Table 63.4

ons described
st initial value
of resistance,
perature.

hore than 0.03
foot (305 mm)
) contacts, the

evice, the test

burnout, other
the current for

r 1 minute of
initial current
. The value of

resistance is ot.io be further adjusted during the test. The results are not acceptable if affer 1 minute of

such operation the output current exceeds the applicable values in Table 63.4.

63.4.9 If the current in the test described in 63.4.8 again results in the current being interrupted, another
sample is to be tested as described in 63.4.8 with the initial current adjusted to midway between the initial
current recorded during the test in 63.4.8 and the value specified in Table 63.4. During this test, a
recording of current versus time is to be obtained. If the current is again interrupted before 1 minute of
operation, the recorded curve of current versus time is to be extrapolated to 1 minute by a smooth curve
that is judged to best match the measured data. The results are acceptable if the extrapolated value of
current, after 1 minute, does not exceed the applicable values in Table 63.4.
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63.5 Maximum current of not inherently limited power source

63.5.1 If the power source is not an inherently limited power source, it shall be tested as described in
63.4.2 — 63.4.9. The results are not acceptable if the maximum current exceeds the applicable values in

Table 63.4 for not inherently limited power sources.

63.6 Maximum power of not inherently limited power source

63.6.1 The maximum obtainable power output shall not exceed the applicable value in Table 63.4.

63.6.2 Protective devices are to be shorted out during this test. Unless marked in accordance with 74.9,
multiple secondary W|nd|ngs if any, are to be mterconnected to produce maximum power output. The

maximum outj
variable resist
measurementp

63.7 Calibrati

63.7.1 A onqg
inherently lim
indicated in 7
protective deyf

there is no enpission of flame or molten metal from the power séurCe enclosure and no oth

a risk of fire o

Ance connected to the output termlnatlons Startlng with the deV|ce at room'te
5 are to be made within 2-1/2 minutes.

bn of overcurrent-protective devices

-time or manually-resettable overcurrent-protective device,provided as
ted Class 2 power source, shall operate to open the circtit in not more
[able 63.5 when the power source is delivering the specified secondary
ice may be located in either the primary or secondary ‘circuit. The results arg

I electric shock as described in 63.1.2 and 63.1:3.

ents with the
mperature, the

part of a not
than the time
current. The
b acceptable if
er evidence of

Table 63:5
Maximum acceptable‘time to open
Rated secdndary potential, volts Secondary test current, amperes aximum time for overcurrgnt
protective device to oper, minutes
20 or less 10 2
20 or less 6.75 60
21 and over 200/Vnax 2
21 and over 135/Vmax 60
63.7.2 To defermine if an, overcurrent-protective device complies with the requirement |in 63.7.1, the

power source
a circuit as dg

63.7.3 If ther

is to be allowed to deliver the test current to a resistive load, with the priman
scribedin®63.1.1 — 63.1.4 and 63.2.1.

b istmore than one secondary or if the secondary winding has accessible 1

tests shall be

connected to

aps, sufficient

conducted to determine that for any winding or partial winding, the protect

ve device will

open within th

e applicable time specified in Table 63.5.
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63.8 Rated secondary output

63.8.1 A power source marked with a secondary current rating shall be capable of delivering its rated full
load secondary current continuously. If not marked with a secondary current rating, a power source shall
be capable of delivering its marked secondary volt-ampere rating continuously.

63.8.2 To determine whether a power source complies with the requirement in 63.8.1, a power source is
to be tested with a variable resistor and an ammeter connected to the secondary or output terminals, and
the primary connected to a circuit in accordance with 63.1.1 — 63.1.4 and 63.2.1. The resistor is to be
adjusted until the rated full-load secondary current or power is drawn. The power source is to be mounted
so that the primary terminals or leads are on top. After 15 minutes of operation, the load is to be
readjusted, if necessary, to return the current or power to the full load value. The circuit is to be energized

output currenf or power is not less than 90 percent of the rated value, and the oyert¢mperature or
overcurrent protective device does not open.

63.8.3 With re¢ference to 63.8.2, if a power source has two secondary windings) both windings are to be
operated simyltaneously, with each secondary winding independently loaded.

63.9 Rated olitput heating
63.9.1 The test described in 63.8.1 — 63.8.3 is to be continuied without further adjustment until
temperatures pecome constant. The temperature rise shall not‘exceed the applicable valugs specified in
Table 40.1.
63.10 Dielectfic voltage withstand
63.10.1 A pojer source shall be subjected for. &;minute to the application of a 60 hertz essentially
sinusoidal pofential with the unit at the maximum operating temperature reached in the¢ rated output
heating test described in 63.9.1. The results-are acceptable if there is no dielectric breakdown. The
applied potential is to be:

a) As|described in Dielectric veltage-Withstand Test, Section 47;

b) Fof a Class 2 power source, 2500 volts between the primary and secondary cifcuits;

c) One thousandw\olts plus two times the sum of the secondary voltages between|the

secondary windifigs unless considered as a single winding as described in the Ex¢eption No. 1
to 36.4.2; and

d) Fijeshundred volts between a secondary circuit and accessible dead metal parts.
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63.11 Component breakdown

63.11.1 Components in the equipment shall be subjected to the test described in 63.11.2 and 63.11.3.
There shall be no emission of flame or molten metal or a risk of fire or electric shock as described in 63.1.2
and 63.1.3 while operating as in the rated output heating test.

63.11.2 The components in the equipment, such as diodes, resistors, transistors, capacitors, and the like,
are to be shorted or opened, one at a time. The equipment is to be energized and operated continuously
as described in 63.1.1 — 63.1.4 and 63.2.1 until ultimate conditions are observed, including opening of a
thermal cutoff or a similar device, for 7 hours if temperatures stabilize or cycling of an automatically reset
protector occurs, or for 50 cycles of resetting a manually reset protector. During this test the grounding

means, if provided, is to be connected directly to ground.

63.11.3 The

Exception:

st shall be followed by a dielectric voltage-withstand test, as required by ‘63,

e dielectric voltage-withstand test need not be conducted on a compenent

evaluated in gccordance with 36.5.1.

63.12 Overlo

63.12.1 A tra
under the con
the circuit as
this purpose.
having the
volt-ampere

d heating

hsformer shall be subjected to the overload heating tests' described in 63.1
itions specified in 63.1.1 — 63.1.4 and 63.2.1. A prot€ctive device that is relied
A result of the test is to be one that has been investigated and found to be
f the same insulating system is used in a group.ef transformer models, only|
aximum volt-ampere rating, the minimunmvolt-ampere rating, and an

rrIting need be tested.

63.12.2 The results are acceptable if:

a) Th
than 1

Exceq
samp
to be
b) Th

c) Th
(@) -

e temperature rise of the coils‘hy’the resistance method at the end of 7 hou
05°C for coils having Class 105 insulation or 135°C for coils having Class 1

tion: The temperature~rise may exceed these values if the test is conti
es for 15 days. If thentest is interrupted by a protector or a burnout, additiona
ere is no emission of flame or molten metal from the transformer enclosure,

bre is ne-other evidence of risk of fire or electric shock as described in 63.1.
g).and, with the output terminals shorted, 63.1.3(h).

tested with the other conditions described in Table 63.6 and 63.12.3 — 63.14.

13.1.

that has been

P.3 — 63.12.7,
upon to open
acceptable for
those models
intermediate

S is not more
BO insulation,

hued on three
W/ samples are
7.

and

P and 63.1.3
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Table 63.6
Test loading conditions

Condition Secondary winding load
A Load used for final sample in tests described in 63.4.2 — 63.5.1
B Rectifier to cause half wave rectified short circuit
ca Ig +0.75 (Ia = IR)
D2 50
E2 25
Fa 20
G2 15
Ha 10
2 5

Note:

lA:

Ir

aFor conditiol

Current at end of 1 minute obtained on final sample of the output current test.
F Rated current.

s (C-1), rated current (18R) plus indicated percent of difference betweem A (I A) and rated cur

ent.

63.12.3 One
items A — | as

63.12.4 For the sequence of tests described in items A — Lof Table 63.6, if a test for a parti

continues for

conducted. If & coil or protective device opens duringsa particular 7-hour test, the testisto b

and the next
used for the t
condition.

63.12.5 For the purpose of these requiréments, each secondary winding tap other than a g

each primary
secondary wir

63.12.6 Ifap
each of the s

63.6 with the ¢ther windings or set of terminals loaded to rated current. The secondary wing

terminals are
other than thg

sample of a transformer is to be operated for 7 houps under each conditio
shown in Table 63.6.
7 hours without a coil or a protective device opening, the remaining tests

bst in sequence is to be conducted;.until a test condition continues for 7 hour
bsts are to be subjected to the evaluation criteria described in 63.12.2 while

winding tap intended to supply power to a load, is considered to be the ¢
ding.

bwer source is ‘equipped with more than one set of output terminals or secon
condary windings or sets of terminals is to be loaded for each condition spe

to be-loaded to rated current before the abnormal condition is introduced;
one.eonnected to the circuit to be overloaded, are not to be readjusted ther

N described in

cular condition
need not be
b discontinued
s. All samples
in the heated

enter tap, and
quivalent of a

Hary windings,
cified in Table
ings or output
and the loads
bafter.

63.12.7 For the loading conditions, a variable resistor is to be connected across the secondary winding.
The tests described in items A — H of Table 63.6 are to be continued for 7 hours unless a winding of the
power source or a protective device opens in a shorter time. In conducting the tests described in items C
— H of Table 63.6, the variable resistance load is to be adjusted to the required value as quickly as
possible and readjusted, if necessary, 1 minute after application of voltage to the primary winding.
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63.13 Repeat dielectric voltage withstand

63.13.1 Following the overload-heating test, a power source shall comply with the requirements of the
dielectric voltage-withstand test described in 63.1.2.

Exception:

primary test voltages specified in Table 63.2.

63.14 Overload of overcurrent- or overtemperature-protective devices

The voltage between primary and secondary need not exceed 1000 volts plus twice the

63.14.1 A protective device for a not inherently limited power source, other than a fuse, thermal cutoff, or
a device as covered in 63.15.1 and 63.15. 2 prowded as a part of a power source, shall make and break

the circuit for g
with 63.4.2, 6
material from
in 63.1.2 and

63.14.2 In thg
however, if th
the device co

63.15 Endurg

!

3.4.3, and 63 5.1. The results are acceptable if there is no emission of \flg
he power source enclosure, or other evidence of a risk of fire or electric.shoc
£3.1.3, and the overcurrent protective device is operable at the end, ofithe te

test of a manual-reset device, the device is to be reset as soontas possible
device will not reset within 1 hour after opening in any cycléy the testis to b
sidered inoperable.

nce of automatic-reset overtemperature-protective devices

63.15.1 Ana

tomatic-reset overtemperature-protective device\on an inherently limited pow

be subjected fo an endurance test by connecting it to a source as specified in 63.1.1 — 63.
with the secohdary loaded as described in 63.4.2 — 63.6.1 to produce the maximum pqg
through the ayitomatic reset device. The power source is then to be allowed to operate fof

results are ac
a) Th

b) Th

63.1.3,

c) Th

Exception: I
power source
device rating.
until a current

Ceptable if:
ere is no emission of flame or ‘molten material from the power source enclos

ere is no other evidence-0f\a risk of fire or electric shock as described in 63.
and

e protective device)remains operable.

maximum @ssible current results in interruption of an overcurrent-protecti
is to be-tested starting with a load that causes a current of 110 percent of tl
The load-current is to be increased or decreased, as necessary, in incremen
is.reached at which the overcurrent device does not open.

in accordance
me or molten

as described
St.

after opening;
e stopped and

br source shall
1.4 and 63.2.1
ssible current
15 days. The

ure,

1.2 and

Ve device, the
he overcurrent
ts of 2 percent

63.15.2 A supplementary automatic-reset protector used in addition to the protector specified in 36.6.2 for

a not inherent

ly limited power source shall also comply with the requirement in 63.15.1.
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