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PART 1 - ALL APPLIANCES
INTRODUCTION
1 Scope

1.1

These requirements cover commercial electric cooking appliances rated 600 volts or less, intended

for indoor use, and intended for use in accordance with the National Electrical Code, NFPA 70.

1.2 These requirements cover coffee makers, conductive cookers, food warmers, fryers, griddles, steam
kettles, steam cookers, nut warmers, popcorn machines, ranges, utensil warmers, and other appliances

found in commercial kitchens, rest

aurants _or other business establishments where food is dispensed

1.3 These requirements do not
use, commercial cooking applianc

cover vending machines, cooking appliances intended for household
bs rated more than 600 volts, or microwave cooking appliances.

1.4 An appliance designed so that it can be mounted and supported at an outlet box, such as afood

warmer, is judged on the basis of ¢
and weight requirements for electr

ompliance with the requirements in this Standard and with thexmounting
c lighting fixtures.

1.5 An appliance that utilizes h¢at produced by a means other than electrical (foréexample, gelled or

liquid fuel, coal, gas, or oil) is also

1.6 An appliance that utilizes heg
operating with the specific fuel(s) V

1.7 Commercial cooking equipm
air are intended to be installed in
of Commercial Cooking Operatio
Additionally, the effluent emitted f
with the U. S. Environmental Pro
Particulate Emissions From Statio

1.8 Commercial cooking equipr
requirements of this Standard and

2 Glossary

}

nvestigated with respect to the additional risk of fires

t produced by gelled or liquid fuel is also investigated with the appliance
vhich it intended to be used.

ent employing integral systems for limiting the emission of grease laden
ccordance with the Standard for-Ventilation Control and Fire Protection
s, NFPA 96, and shall comply with the requirements of this Standard.
rom the system shall not exceed 5 mg/m® as measured in accordance
ection Agency (EPA) Test Method 202, Determination of Condensible
nary Sources.

hent employing” integral recirculating systems shall comply with the
the requirements in the Standard for Recirculating Systems, UL 710B.

2.1 For the purpose of this Stand

ardthe following definitions apply.

2.2 ACCESSIBLE — Able to be contacted by an accessibility probe.

2.3 APPLIANCE - Utilization equipment that uses electrical energy for some function.

2.4 AUTOMATICALLY CONTROLLED APPLIANCE — An appliance is determined to be automatically

controlled when:

a) The repeated starting of the appliance, beyond one complete predetermined cycle of operation
to the point where some form of limit switch opens the circuit, is independent of any manual control;

b) During any single predetermined cycle of operation, the motor is caused to stop and restart one

or more times;
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c) Upon energizing the appliance, the initial starting of the motor is capable of being intentionally
delayed beyond normal, conventional starting; or

d) During any predetermined cycle of operation, automatic changing of the mechanical load

reduces the motor speed
circuit.

sufficiently to re-establish starting-winding connection to the supply

2.5 AUXILIARY CONTROL - A device that is not relied upon to prevent a risk of fire, electric shock, or

injury to persons, and does not fi
conditions of use.

2.6 CIRCUITS

unction to regulate the temperature of the appliance under intended

AUXILIARY — A fire-extin
contactor used to control t
provided by auxiliary circuit

BRANCH — The circuit cor

appliance and the appliancg.

SAFETY — The portion of a
electric shock, or injury to p

2.7 CLEANING - A routine tash
maintain sanitary conditions.

2.7.1 COMPONENT —A device
standard dedicated to the purpose
installed (e.g. luminaire) is consig
compose a device or fabricated pa

2.8 CONTINUOUS DUTY - A
constant load for a period of at leas

giuishing system for the purpose of interrupting the coil circuit of the

e source of heat in the appliance. Connection within the appliance is
terminals (See Section 29, Auxiliary Circuit Terminals).

ductors between the final overcurrent device protecting the circuit or

primary or secondary circuit that is relied upon to prevent a risk of fire,
brsons; for example, an interlock circuit.

performed by the user on accessible surfaces. of the appliance to

br fabricated part of the appliance covered by the scope of a safety
When incorporated in an appliance, equipment otherwise typically field
ered to be a component. Unless-otherwise specified, materials that
t, such as thermoplastic or copper, are not considered components.

requirement of service (which demands operation at a substantially
t 3 hours.

2.9 CONTROL CIRCUIT — A circliit that carries electrical signals directing the performance of a controller

which, in turn, governs power deliv
not carry main power current.

2.10 CONTROL CIRCUIT, TAP
appliance from the load side of the

ered to a motor-er other load within the appliance. A control circuit does

PED ‘HIGH-VOLTAGE — A control circuit that is tapped within the
overeurrent device for the controlled load.

211 DUTY CYCLE - A requirem

ent of service that accounts for the intended use of an appliance at an

intermittent load for a limited time, either by the user or by a timer.

2.12 EQUIPMENT

FIXED — An appliance that

is intended to be fastened in place or located in a dedicated space and

is permanently wired to the branch circuit.

PORTABLE — An appliance
a) Cord-connected;

b) Intended to be tra

that is:

nsported for use at various locations; and
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c) Designed to be carried by hand or provided with integral casters, wheels, and the like, or
a cart to make it mobile.

STATIONARY - A cord-connected appliance that is intended to be fastened in place or located in a

dedicated space.
2.13 EXPOSED - Visible but not

2.14
installer in the field.

necessarily able to be contacted by an accessibility probe.

FIELD-WIRING TERMINAL — A terminal to which a supply or other wire can be connected by an

2.15 LEAKAGE CURRENT - Electric current which flows through a person upon contact between

accessible parts of an appliance a
a) Ground; or

b) Other accessible parts o

2.16 MEASUREMENT INDICAT
RMS, in the measurement instrun
equal to the RMS value in milli-a
may not be a direct indication of t
the leakage current is of complex

217 NONCOMBUSTIBLE MATE
material consisting entirely of, or a

2.18 OIL OR GREASE FRYINC
reservoir that is heated as part of {

219 PANELBOARD - A single
single panel; including buses, aut
the control of electric circuits; des
or partition of an appliance and ac
amp service panel to a 6x6x4 stee

2.20 POLLUTION DEGREES

POLLUTION DEGREE 1 -
has no influence.

hd:

f the appliance.

ION UNIT (MIU) — The output voltage across the meter, in"milli-volts
nent in Figure 46.2, divided by 500 ohms. (The instrument.indication is
mperes when the frequency is 60 Hz (sinusoidal currént).” The reading
ne RMS or other common amplitude quantifier of leakage current when
vaveform or frequency other than 50 or 60 Hz.)

RIAL — Material that is not capable of beingdgnited and burned, such as
combination of, steel, iron, brick, tile, concrete, slate, glass, or plaster.

5 APPLIANCE — An appliance in which oil or grease is placed in a
he cooking operation.

panel or group of panel units designed for assembly in the form of a
omatic overcurrent devices, and equipped with or without switches for
gned to be placed inia eabinet or cutout box placed in or against a wall
cessible only from-the front. Examples of a panelboard range from a 200
control box with permanent or DIN rail mounted components.

No poltution or only dry, nonconductive pollution occurs. The pollution

POLLUTION DEGREE 2 — Normally, only nonconductive pollution occurs; however, temporary

conductivity caused by con

POLLUTION DEGREE 3 —

densation may be expected.

Conductive pollution occurs, or dry, nonconductive pollution occurs that

becomes conductive due to condensation.

2.21 PRESSURE VESSEL -Ac

losed tube or cavity in which air, liquid, or gas is stored.

2.22 PRESSURE VESSEL, FIRED — A pressure vessel in which air, liquid, or gas is heated; steam is
generated; steam is super heated; or any combination thereof, under pressure or vacuum by the direct

application of heat. In the case of

an electrically heated vessel, if the heat source is internal to the vessel

(for example, an immersion heating element) this constitutes the direct application of heat; however, if the
heat source is external to the vessel, such as an external heating element or an external induction heat
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source, this does not constitute the direct application of heat. A vessel heated solely by an external electric
source is not a fired pressure vessel.

2.23 PRESSURE VESSEL, UNFIRED — A pressure vessel in which air, liquid, or gas is subjected to
pressure or vacuum from an external source, without the direct application of heat (see 2.22, PRESSURE
VESSEL, FIRED, for further clarification).

2.24 REMOTELY CONTROLLED APPLIANCE — An appliance that is out of sight of an operator who is at
the starting device.

2.25 SHEATHED HEATING ELEMENT — A metal enclosure surrounding and containing a resistance

element that is usually encased in magnesium oxide or a similar insulating material.

2.26 SERVICE EQUIPMENT —
switch and fuses, and their acces
building or other structure, or an o
means of cutoff of the supply.

2.27 SIGNAL CIRCUITRY - Cirg
control contacts of a switching devi

2.28 SUPPLY CONDUCTORS —
An equipment grounding conducto

GROUNDED SUPPLY CQO
ground through a connectig
National Electrical Code, /
ground. Also known as the '

UNGROUNDED SUPPLY
conductively connected to g

2.29 TEMPERATURE LIMITING
produce abnormal temperatures. T

2.30 TEMPERATURE REGULAT]
of the appliance under intended co
electric shock.

The necessary equipment, usually consisting of a circuit breaker or
sories, located near the point of entrance of supply conductors to a
therwise defined area, and intended to constitute the main control-and

uitry used for signaling purposes that controls no loads other’'than the
ce or devices.

Conductors used to supply power to an appliancé.or other equipment.
does not supply power and is not considered tobe a supply conductor.

NDUCTOR — A supply conductor that is~€onductively connected to
n at the service equipment, or at anotherlocation as specified by the
ANSI/NFPA 70, and is therefore nopiinally at zero volts potential to
neutral" conductor or the "identified", conductor.

CONDUCTOR - A supply..conductor that is not intended to be
round, except through an appliance or other load.

CONTROL — A control that functions only under conditions that
he malfunction of/Such a control results in a risk of fire or electric shock.

ING CONTROL — A control that functions to regulate the temperature
hditions ofdse, and whose malfunction does not result in a risk of fire or

2.31 TIMER

SINGLE TIME - A device that controls one complete operating cycle of the appliance and which
requires the user to reinitiate.

REPETITIVE CYCLING -
appliance.

A device which controls complete, repetitive operating cycles of the

2.32 USER SERVICING - Any servicing that might be performed by personnel other than those who are
trained to maintain the particular appliance. Some examples of user servicing are:

a) Attaching an accessory
separable connectors;

by means of an attachment plug and receptacle or by means of other
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b) Resetting or replacing any protective device in an appliance or its receptacle circuit that is likely
to be overloaded by the user, unless a tool is required to gain access to the device and the cover is
marked in accordance with 86.13.

c) Resetting a circuit breaker, or replacing a fuse or lamp that is accessible without the use of a
tool;

d) Making a routine operating adjustment necessary to adapt the appliance for a different intended

function; and

€) Routine cleaning.

2.33 WORKING PRESSURE —

The maximum system pressure of an appliance measured during normal

operating conditions. When more
is capable of having multiple worki

3 Components

4 Units of Measurement

4.1 Values stated without paren
approximate information.

5 Undated References

than one pressurized system is provided in an appliance, the appliance
Ng pressures.

Section 3 deleted

heses are the requirement. Values in parentheses are explanatory or

5.1 Any undated reference to a gode or standard appearing in the regtirements of this standard shall be
interpreted as referring to the lategt edition of that code or standard:

CONSTRUCTION
5A General

5A.1.1 A component of a produc

a) Comply with the require
that component;

covered by this Standard shall:

ments fordhat component as indicated in the individual section covering

b) Be used in accordance with\its rating established for the intended conditions of use;

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

d) Additionally comply with

the applicable requirements of this end product Standard; and

e) Not contain mercury, unless used within a fluorescent, high intensity discharge, or neon lamp

bulb.

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

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

product;

b) Is superseded by a requirement in this Standard; or
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c) Is separately investigated when forming part of another component, provided the component is
used within its established ratings and limitations.

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

Standard is acceptable if:

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

Standard; or

b) The component standard:

1) Is compatible with the ampacity and overcurrent protection requirements in the National
Electrical Code, NFRPA_Z0, where appropriate;

2) Considers long-te
with the Standard fo

3) Any use limitatic
accommodated in th
application, but intg

rm thermal properties of polymeric insulating materials in accordance
- Polymeric Materials — Long Term Property Evaluations, UL 746B; and

ns of the other component standard is identified and appropriately
e end use application. For example, a component used in a household
nded for industrial use and complying with the relevant €omponent

standard may assunpe user expertise not common in household applications.

5A.1.2 A component that is also
ground-fault circuit-interruption, s
thereof, shall comply additionally V
that provide those functions.

Exception: Where these other fun
markings, instructions, or packagi
applied.

5A.1.3 A component not anticipg
covered by the component standar
or injury to persons, shall be additi
shall comply with 5A.1.1 (b) — (e).

5A.1.4 With regard to a compd
performance requirements in anotl
normal and abnormal use conditior]

intended to perform other functions, such as overedrrent protection,
Lirge suppression, any other similar functionsy or any combination
vith the requirements of the applicable UL standard that cover devices

Ctions are not required for the application and not identified as part of
hg for the appliance, the additional ’component standard need not be

ted by the requirements-ofithis end product standard, not specifically
ds noted in this Standard,-and that involves a risk of fire, electric shock,
pnally investigated innaccordance with the applicable UL standard, and

nent beingwadditionally investigated, reference to construction and
er UL end/product standard is suitable where that standard anticipates
s consistent with the application of this end product Standard.

5A.2 Ground-fault, arc-fault, anid leakage current detectors/interrupters

5A.2.1

Ground-fault circuit-interrupters (GFCI) shall comply with the Standard for Ground-Fault Circuit-

Interrupters, UL 943. The following statement, or equivalent, shall be included as a marking near the
GFCl, or as an instruction in the manual: "Press the TEST button (then RESET button) every month to
assure proper operation."

5A.2.2 Appliance-leakage-current interrupters (ALCI) 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 GFCl is required by the National Electrical Code, NFPA 70.

5A.2.3 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-Interrupters, UL 943.
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5A.2.4 Arc-fault circuit-interrupters (AFCI) shall comply with the Standard for Arc-Fault Circuit-
Interrupters, UL 1699.

5A.2.5 Leakage-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.2.6 An arc-fault circuit-interrupter (AFCI) or leakage-current detector-interrupter (LCDI), when used
on equipment having a power supply cord and plug, shall be installed as an integral part of the attachment
plug or located in the supply cord within 4 inches (102 mm) of the attachment plug.

5A.2.7 Arc fault detection testing shall include the applicable tests required for cord-type arc-fault circuit-
interrupters, as in the Standard for Arc-Fault Circuit-Interrupters, UL 1699.

Exception: The carbonized path 3
shielded power-supply cords.

5A.3 Surge protective device

5A.3.1 A device providing surge|
Surge Protective Devices, UL 144

5A.4 Terminal blocks

5A.41
wiring, a terminal block shall also
with 16.3, of UL 197.

Exception: A fabricated part perfo
the part complies with the requir
Appliances, Section 16 (if used fo
Section 24; and Electrical Spacing

5A.5 Quick-connects

5A.5.1 Quick-connect type wire
conductor material (copper or alur
also be rated for the voltage and tg
instructions of the wire connector 1

rc clearing time test is not applicable for LCDIs that are provided with.

protection or transient suppression shall comply with the*Standard for
D.

Terminal blocks shall cofnply with the Standard for Terminal Blocks ;UL 1059. If used for field-

be suitably rated for field-wiring. Field-wiring*terminals shall also comply

rming the function of a terminal block need not comply with UL 1059, if
ements of Electrical Supply. Connections for Permanently Connected
- Field-Wiring); Current-Carrying Parts, Section 20; Electrical Insulation,
s, Section 37, of this end product Standard.

connectors.shall be suitable for the wire size, type (solid or stranded),
hinum) and‘the number of conductors terminated. If insulated, they shall
mperature of the intended use. They shall be applied per the installation
nanufacturer.

5A.5.2 Quick-connect type wire connectors shall comply with the Standard for Electrical Quick-Connect

Terminals, UL 310.
5A.6

5A.6.1

Insulating tape and tubing

When relied upon to comply with requirements in this Standard:

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

b) Tubing shall comply with

the Standard for Extruded Insulating Tubing, UL 224.



https://ulnorm.com/api/?name=UL 197 2023.pdf

18 UL 197 APRIL 7, 2023

5A.7 Programmable controllers

5A.7.1 A programmable controller shall comply with the Standard for Programmable Controllers — Part 2:
Equipment Requirements and Tests, UL 61131-2. Depending on the specific functions the controller
provides (i.e. temperature control, timing, etc.) addition requirements in this end use Standard may also be
applicable.

Exception: A programmable controller is not required to meet UL 61131-2 if it has been evaluated to
requirements elsewhere in this Standard for the application and function it provides.

5A.8 Fabricated polymeric parts

5A.8.1 A part relied upon for compliance with this Standard, when fabricated from polymeric materials,
shall have clear traceability as to fomposition, ingredients, and processing for the fabricated part to the
extent that the composition, ingreflients, or process impacts the compliance of the product. Fabricated
parts complying with the Standand for Polymeric Materials — Fabricated Parts, UL 746D, meets~this

requirement.
5A.9 Door latch release

5A.9.1 Unless provided with oth
heated compartment of an applian
from the inside by a force applied
the Door Opening Test, 65B. In ad
Door Latch Release Test, 65A.

er means of exit, door(s) intended for entrance of persons into the
ce; including a door panel assembly door, shall be able to be opened
putwardly to the door or to a release actuator, Deors shall comply with
dition, doors with an interior latch release device shall comply with the

5A.9.2 If the door is provided with a key lock, it shall be constructed Such that the lock can be opened

from the interior without using a ke

5A.9.3 Interior latch release actu
and shall be operable from all spac

5A.9.4 A latch release device sha

5A.9.5 A latch release device sh

or tool.

btors shall function with the @ppliance in its intended operating position
es that are directly accessible when the door(s) is opened.

Il not depend on an‘electrical source for operation.

all be constricted so that spillage of foods, or cleaning in accordance

with the manufacturer's recomme
Latch Release Test, Section 65A.

ndations will*not affect compliance with the requirements of the Door

6 Accessories

6.1 An appliance having provisions for the use of an electrical accessory intended to be attached in the
field shall comply with the requirements in this standard, with or without the accessory installed.

6.2 An appliance having provisions for the use of gelled or liquid fuel shall comply with the requirements
in the Standard for Unvented Alcohol Fuel Burning Decorative Heating Appliances, UL 1370, and the
requirements in this Standard, with or without the gelled or liquid fuel in place.

6.3 An appliance having provisions for the use of gelled or liquid fuel shall be provided with a means for
maintaining the fuel container in a dedicated fixed location on the appliance such that it cannot be moved
or relocated from the factory-assembled position.

6.4 Installation of an accessory by the user shall be by means of a receptacle and plug-in connector.
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6.5 When an accessory is to be installed by the user, the appliance shall comply with the requirements in
Section 10, Accessibility of Live Parts, during and after the installation of the accessory.

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

6.7 With reference to 6.6, an installation shall not require the cutting of wiring or the soldering of
connections by the installer. Installations shall not require cutting, drilling, or welding in electrical
enclosures and in other areas where such operations may damage electrical components and wiring
within the enclosure.

6.8 A means for strain relief shall be provided and comply with the strain relief test in Section 60, Strain

Relief Test for the wiring in the &
connections during installation.

6.9 All terminals and wiring inte
appliance if connections are made

6.10 The intended installation of]
on or with the accessory. See 91.1

6.11 As part of the investigation
feasible, the instructions are detail
electric shock, fire, or injury to perg

6.12 An electrical accessory inte
7 Mechanical Assembly

7.1 General

7.1.1
abuses to which it is subjected, in

fire, electric shock, or injury to per
loosening or displacement of parts

7.1.2 An enclosure, an opening,
sharp to cause a risk of injury to pg

ccessory if there is a possibility of transmitting stress to the terminal

nded to be field connected shall be identified on the accessory, on, the
between the accessory and the appliance, and on the wiring diagram.

the accessory shall be indicated in the installation instructions included
1.

an accessory is to be trial installed to determine that the installation is
ed and correct, and the use of the accessory does'not introduce a risk of
ons.

nded for field installation shall be marked in accordance with 86.14.

An appliance shall be formmed and assembled so that it has the strength and rigidity to resist the

cluding the vibratien“of normal operation, without increasing the risk of
sons due to total or partial collapse with resulting reduction of spacings,
, or other serious defects.

a frame, a guard, a knob, a handle, or the like shall not be sufficiently
rsonsin normal maintenance or use.

Exception: This requirement does
to perform its intended function.

7.2 Mounting of components

7.21

not apply to a sharp edge that must be exposed to enable the appliance

A switch, fuseholder, lampholder, attachment-plug receptacle, motor-attachment plug, or other

component that is handled by the user shall be mounted securely and shall be restrained from turning.

Exception: A switch is not required to be restrained from turning when it meets all four of the following

conditions:

a) The switch is of a plunger, slide, or other type that does not tend to rotate when operated. A
toggle switch is considered to be subject to forces that tend to turn the switch during operation of

the switch.
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b) The means of mounting
switch.

the switch makes it unlikely that operation of the switch will loosen the

¢) Spacings are not reduced below the minimum required values when the switch rotates.

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

7.2.2 The means to restrain turning required by 7.2.1 is to consist of more than friction between surfaces
— for example, a properly applied lock washer is capable of being used as the means to restrain turning of
a device having a single-hole mounting means.

7.2.3 Uninsulated live parts shall

be secured to the base or surface so that they will be restrained from

turning or shifting in position wh
values specified in Electrical Spaci

7.3 Shipping
7.3.1

An appliance shall be comp

Exception No. 1: Minor parts, sug

I} 'y L H } b £ H 1 Il ) H
T SULIT TIUUUTT TCOUILS 1T a TSUULUUIT Ul ospalllty UTIUW UIC TTHTTITTTUTTT

ngs, Section 37.

etely assembled when it leaves the factory.

h as handles, decorative trim, pans, trays, and splash pangls, that are

not required to prevent a risk of fir¢, electric shock, or injury to persons during operation‘ef the appliance,

are not required to be assembled.

Exception No. 2: A cord set, a |
heating element intended for use |
an appliance may be shipped deta
carton of if the separate cartons ar
they do not become separated dur

Exception No. 3: A screw shell hed

Exception No. 4: A part of an appg
91.1 is not required to be completg
in cartons secured together.

a) A panel that completes a
an adjacent or stacked insté

b) An electrical subassemb

eating element with integral blades for plugging into a receptacle, a
n a radiant-heat food warmer, and the legs.@p the mounting brackets of
ched from the remainder of the appliance if packed in the same overall
b secured together — such as by steelstrapping or strong tape — so that
g the shipment. See 88.2 and 91.1:

t lamp is not required to be stipplied or shipped with an appliance.

liance, as described in (a) or (b), marked in accordance with 88.2 and
ly assembled when_shipped, or shipped in the same carton, or shipped

n enclosure.that would otherwise be completed by another appliance in
llation. Sée-60.4.5.

ly that does not incorporate an automatic control that is affected, such

as by temperature, by the re

mainder of the appliance, when:

1) Interconnecting leads and wiring are housed entirely within the appliance and the
electrical connections are made with integral plugs and receptacles arranged so that no

uninsulated live part

capable of causing electric shock is accessible to unintentional contact

when the subassembly is not in place; or

2) Internal connection of a permanently connected appliance are made in accordance with
the requirements for power-supply connections in 16.1 — 16.5 and 88.7, and field-installed

leads are housed en

tirely within the appliance.

3) External connections of a cord-connected appliance are made by a connecting cord, of a
type specified in 17.1.1, with integral plugs and receptacles arranged so that no uninsulated
live part capable of causing electric shock is accessible to unintentional contact if

disconnected; or
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4) External connections of a permanently connected appliance are made in armored cable
or conduit in accordance with the requirements for power-supply connections in 16.1 — 16.5.
See 88.7. When armored cable or conduit is permanently attached to one part of the
appliance and stranded leads are installed, provision for connection of the leads is made in
accordance with 22.5.7 (a) or (c). Solid wire leads need no additional end treatment. The
armored cable is to be provided with the appropriate connector and antishort bushing. The
requirements in this clause are not intended to preclude the use of an external
interconnecting cord of a type specified in 17.1.1 if flexible cord is needed for the prevention
of transmission of noise or vibration or for facilitating the removal of a part of the appliance
for maintenance or repair.

Exception No. 5: A device intended to be mounted separately from a permanently connected appliance,

such as a contactor actuated by gn automatic control that IS part of ihe appliance, is not required to be
assembled to or shipped with thé appliance when marked in accordance with 88.2 and provided with
instructions in accordance with 91]1.

Exception No. 6: A device interlded to be mounted to an appliance in the field is not required. to be
assembled to or shipped with th¢ appliance when marked in accordance with 88.2 and provided with
instructions in accordance with 91]1. The device shall meet the requirements of Section 6, Accessories.

8 Electrical and Fire Enclosurds
8.1 General

8.1.1 The enclosure of an appliapce shall be of a material acceptable for the‘@pplication and shall house
all electrical parts, except a supgly cord, that present a risk of fire, electric shock, or injury to persons
under any condition of use. An pdjacent wall or adjacent equipment;shall not be depended upon to
complete an enclosure.

Exception: A panel that completgs an enclosure is not requifed when the enclosure is completed by
another appliance in an adjacent dr stacked installation. See*§0.4.5 and 91.2.

8.1.2 When evaluating an appliahce in accordancewith Section 8, Electrical and Fire Enclosures, a risk
of electric shock exists within a cjrcuit unless that(circuit meets one of the following criteria, both under
normal conditions and under singlé component fault conditions — See Component Failure Test, 73.5:

a) The circuit is supplied|by an jsefating source such that the maximum open circuit voltage
potential available to the cifcuit is'net more than 30 V ac or 42.4 V peak; or

b) The circuit is supplied by anjisolating source such that the current available through a 1500 ohm

resistor connected across any potential In the circuit (Including to ground) does not exceed 5 MIU.

8.1.3 For the purpose of this Standard, the secondary circuits that do not involve a risk of electric shock
are:

a) A Class 2 circuit (see 34.3);
b) A limited voltage/current circuit (see 34.4);

c¢) Other secondary circuits complying with 8.1.2.

8.1.4 When evaluating an appliance in accordance with Section 8, Electrical and Fire Enclosures, a risk
of fire exists within a circuit unless that circuit meets one of the following criteria, both under normal
conditions and under single component fault conditions — See Component Failure Test, 73.5:
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8.2 Metallic enclosures

8.2.1

a) The circuit is supplied

by an isolating source such that the maximum open circuit voltage

potential available to the circuit is not more than 30 V ac or 42.4 V peak, and the current available is
limited to a value not exceeding 8 amperes measured after 1 minute of operation; or

b) The circuit is supplied by
to less than 15 watts.

an isolating source such that the power available to the circuit is limited

For the purpose of this Standard, the secondary circuits that do not involve a risk of fire are:

a) A Class 2 circuit (see 34.3);

b) A limited voltage/current circuit (see 34.4);

c¢) A limiting impedance circ

Exception: A limiting imped
conditions (see Exception N

d) Other secondary circuits

Exception: Any part that ¢
identified as involving a ris
Electrical and Fire Enclosur

The following factors shall b
a) Mechanical strength;

b) Resistance to impact;

c) Moisture-absorptive prop,
d) Resistance to combustio
e) Resistance to corrosion;

f) Resistance to distortion
conditions of normal or abn

The minimum thickness of g

Lit (see 34.7);

hnce circuit that has not been evaluated for operation under single-fault
0. 1to 34.7.2) involves a risk of fire.

complying with 8.1.4.

xceeds 121°C during the Normal Temperature Test, Section 50, is
of fire when evaluating the equipment in accordance with Section 8,
es, regardless of the circuit in which it is located.

e taken into consideration when an enclosure is‘being evaluated:

erties;
N;
and

at temperatures_to which the enclosure may be subjected under
prmal use.

astimetal shall be in accordance with Table 8.1.

Exception: Thinner metal that has been found to be acceptable when the enclosure is evaluated by such
factors as those mentioned in 8.1.6 is not required to comply with the minimum thicknesses in Table 8.1.
See Section 63, Strength of Enclosure, Frames, and Guards Test.
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Table 8.1
Minimum acceptable thickness of cast metal

Minimum thickness, inch (mm)
Metal At reinforced surfaces® At unreinforced flat surfaces
Die-cast metal 3/64 (1.2) 5/64 (2.0)
Cast malleable iron 1/16 (1.6) 3/32 (2.4)
Other cast metal 3/32(2.4) 1/8 (3.2)

2 Includes surfaces that are curved, ribbed, and the like or are otherwise of a shape or size to provide intended mechanical
strength.

8.2.2 An enclosure of sheet metal shall be judged with respect to its size and shape, the thickness of
metal and its acceptability for thg particular application, and the factors described in 8.1.6. The use of
sheet steel having a thickness legs than 0.026 inch (0.66 mm) if uncoated or electroplated, or 0.029 inch
(0.74 mm) if hot-dipped galvanizgd, or of nonferrous sheet metal having a thickness of less than 0:036
inch (0.91 mm), is not recommenped except for a relatively small area or for a surface that is curved or
otherwise reinforced and tested ynder the conditions described in Section 63, Strength of Enclosures,
Frames, and Guards Test.

8.2.3 Sheet metal to which a wiling system is to be connected in the field shall have.achickness of not
less than 0.032 inch (0.81 mm) if yncoated steel, of not less than 0.034 inch (0.86 mmyif’galvanized steel,
and of not less than 0.045 inch (1.4 mm) if nonferrous metal.

Exception: Sheet steel not less than 0.026 inch (0.66 mm) thick if uncoated.steel, or not less than 0.029
inch (0.74 mm) thick if galvanizgd steel, is acceptable when the area surrounding a knockout has a
thickness of not less than 0.053 ingh (1.35 mm).

8.3 Nonmetallic enclosures

8.3.1 A nonmetallic enclosure shall comply with the requiremeénts in the Standard for Polymeric Materials
— Use in Electrical Equipment Evaluations, UL 746C.

8.4 Fire containment — general

8.4.1 An opening in the bottom [of an appliance shall not be located below an electrical part unless a
solid, noncombustible pan complying with“Figure 8.1 is interposed between the electrical part and
supporting surface. The pan is to| have-a fim, lip, or other raised edge that is in a horizontal plane and

extends all the way around the pgn. <The bottom of the pan is not required to be flat or any regular shape
and the transmission from the boW

point directly below the electrical part, the floor of the pan is to be 1/8 inch (3.2 mm) or more below the
plane of the rim, lip, and the like.

Exception No. 1: The requirement does not apply to components on the load side of an automatic switch
in a pop-up toaster.

Exception No. 2: The use of a pan of noncombustible material under a motor is not required when:
a) The motor has no openings below a horizontal plane through the center of the motor;

b) The structural parts of the motor or of the appliance provide the equivalent of the described
barrier;


https://ulnorm.com/api/?name=UL 197 2023.pdf

24 UL 197 APRIL 7, 2023

¢) The protection provided with the motor is such that no burning insulation or molten material falls
to the surface that supports the appliance when the motor is energized under each of the following
fault conditions:

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

4) For a permanent-split capacitor motor, capacitor short-circuited. The short circuit is to be
applied before the motor is energized and the rotor is to be locked;

d) The motor is provided :[m_lﬁ_l_l_l—l_lﬁ_m_l—'l_l_/ a tnermal molor protector — a protective device that is Sensitive 1o
temperature and current — that will prevent the temperature of the motor windings from exceeding
125°C (257°F) at the maximpum load under which the motor will run without causing the protector to

cycle and from exceeding 160°C (302°F) with the rotor of the motor locked; or

e) The motor is impedance|protected and the locked-rotor temperature of the motor winding is not
more than 150°C (302°F) wjth the appliance otherwise operating as intended.

Exception No. 3: This requiremenf does not apply to wiring of the flame-retardant rating¢VW-1 (FR-1), or
wiring contained within sleeving rated VW-1, or the equivalent.
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Figure 8.1

Minimum extent of baffle for opening in bottom of enclosure

ELECTRICAL
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SBO714

A, B, C, and D are projections that define a volume between an electrical part and an opening. C' and D' are projections that define a
volume between an opening and the supporting surface. A protective pan in any horizontal plane between the part and the opening in
the supporting surface must be larger than the area defined by projections A, B, C, and D, or projections C' and D', respectively.
Three samples of protective pans are illustrated in the figure, two are above the opening and one is below it.
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8.4.2 The structure of a part or of the appliance is not prohibited from providing the equivalent of the pan
described in 8.4.1 when it complies with Figure 8.1. The raised edge is not prohibited from being
incorporated in the opening.

8.4.3 An opening in a surface other than the bottom of an enclosure that contains an arcing part such as
a fuse, circuit breaker, or switch shall be provided with a baffle, such as the one illustrated in Figure 8.2,
that will prevent the emission of flame, molten metal, burning insulation, or the like.

Exception No. 1: A baffle is not required for an opening in an enclosure that contains arcing parts other
than an overcurrent-protective device, such as a fuse or circuit breaker, when:

a) The structure of the part provides the equivalent of a baffle;

b) The distance from the elgctrical part to the plane of the enclosure is greater than 12 inches (305
mm); or

¢) No ventilating opening in|a vertical wall is more than 3/8 inch (9.5 mm) wide, and the total area'‘of
such openings located less|than 12 inches from the floor in any 1-foot-square area of the enclosure
does not exceed 8 square ifches (52 cm?).

Exception No. 2: Louvers are nof prohibited from being used in lieu of a baffle (see 8.4.4) to enclose
electrical parts other than an ovefcurrent-protective device, such as a fuse or circuit’breaker, when no
electrical parts are located within atea "A" indicated in Figure 8.3.

Figure 8.2

Relationship [of baffle and electrical part to prevent.emission

ELECTRIGAL /J
PART o

— = BAFFLEL &

ENCLOSURE

OPENING

EC110

8.4.4 An opening in the side of an enclosure shall be so located and of such size that entry of foreign
objects which create a risk of fire or electric shock is prevented and contact with internal parts by persons
is prevented in accordance with Section 10, Accessibility of Live Parts, 11.1 and Section 13, Protection of
Service Personnel. Louvers are not prohibited from being used when shaped to deflect external falling
objects outward. See Figure 8.3.
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Figure 8.3

Louver designs
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8.4.5 No opening or joint in the enclosure of an appliance shall'be located where spillage from normal
operation, cleaning, or user servi¢ing can enter the enclosuré._and affect the internal wiring or any other
electrical component. A part that |s removable without thé_use of tools, such as a grease pan, does not
meet the intent of providing such protection.

8.5 Fire containment — enclosyres for overcurrent protective device

8.5.1 A door or cover giving direct access\to-a fuse or any portion of a circuit breaker or supplementary
protector other than the operating handle.shall shut closely along all four sides of the door or cover against
a 1/4-inch (6.4-mm) rabbet or thg eguivalent, or shall have one of the following for the full length of all
edges:

a) Turned flanges; or

b) Angle strips fastened to it.

A flange or an angle strip shall fit closely with the outside of the wall of the box proper and shall overlap the
edges of the box not less than 1/2 inch (12.7 mm). A combination of flange and rabbet or other
construction that provides equivalent protection meets the intent of the requirement.

Exception No. 1: This requirement does not apply to a door or cover that gives access to a fuse or circuit
breaker, or supplementary protector located in a secondary circuit that is supplied from an isolating
transformer or an equivalent source that limits the available short-circuit current.

Exception No. 2: This requirement does not apply to a door or cover where the only fuses enclosed are:
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a) Control circuit fuses, when the fuses and control circuit loads (other than a fixed control circuit
load, such as a pilot lamp) are within the same enclosure; or

b) Fuses located in extractor-type fuseholders with integral enclosures.

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

a) At not less than two points;
b) Not more than 1-1/2 inches (38.1 mm) from each end of each strip; and

c) At points between these end fastenings not more than 6 inches (152 mm) apart.

8.6 Grease troughs and pans

8.6.1 An appliance shall be consfructed so that grease spillage does not enter the enclosure and contact
live parts or wiring.

8.6.2 An appliance, such as a gri|l, that has a flat, unenclosed cooking surface and that is intended to be
used with grease or oil in the usual cooking operation shall be provided with a trough, grease-collecting
pan, or the equivalent to reduce the likelihood of the accumulation of grease on walls, ¢ounters, and other
nearby surfaces when the appliance is operated.

8.6.3 An opening in the trough of a griddle for drainage to a grease pan or receptacle shall have a drip
edge at least 1/2 inch (12.7 mm) lohg. The opening for the pan or receptacle:shall be enclosed on all sides
to minimize entrance of grease tq the interior of the appliance. Figure 8.4 illustrates some acceptable
constructions.
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Figure 8.4

Grease chutes for griddles
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9 Outer Cabinetry/ Enclosures

9.1 A nonmetallic outer cabinet
shall comply with the requireme

ENCLOSURE —\

or enclosure, and a nonmetallic part of an outer cabinet or enclosure,
hts for Enclosure Flammability — Large Mass Considerations in the

Standard for Polymeric Materials | Use in Electrical Equipment Evaluations, UL 746C.

Exception: The requirements of 41 do not apply.tb canopies, bags, decorative covers and other similar

parts constructed of three layers o
10 Accessibility of Live Parts

10.1 General

I less of wowen cotton, polyester, or similar material.

10.1.1 The electrical parts of an appliance shall be located or enclosed so that persons are protected
against unintentional contact with uninsulated live parts involving a risk of electric shock.

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

a) A coil of a controller, a relay, a solenoid, and a transformer, when they are provided with
insulating overwraps at least 1/32 inch (0.8 mm) thick;

b) Enclosed motor windings;

¢) Insulated terminals and splices; and

d) Insulated wire.
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10.1.3 An uninsulated live part, such as a terminal or bus bar, and not including film-coated wire, shall
not be less than 1 inch (25.4 mm) from any opening in the enclosure of an appliance.

10.1.4 An enclosure opening shall be sized and located such that:
a) It will not permit the entrance of a 3/4-inch (19.0-mm) diameter rod; and

b) A probe as illustrated in Figure 10.3 cannot be made to touch any uninsulated live part or
enameled wire when inserted into the opening.

Exception No. 1: With respect to a part or wire within the enclosure of a motor, an opening larger than 3/4
inch (19.0 mm) is not prohibited when:

a) A probe as illustrated in| Figure 10.1 cannot be made to touch any uninsulated live part when
inserted through the opening; and

b) A probe as illustrated in| Figure 10.2 cannot be made to touch film-coated wire when insetted
through the opening.

Exception No. 2: An opening that will permit the entrance of a 3/4-inch (19.0-mm) diatmeter rod is
acceptable when there are no uninsulated live parts:

a) Less than X inches (mm)|from the perimeter of the opening; and

b) Within the volume genergted by projecting the perimeter X inches (mm).normal to its plane — X
equals five times the diamefer of the largest diameter rod that can be inserted through the opening,
and not less than 4 inches ([102 mm). See Figure 10.4.

Figure 10.1

Probe|for uninsulated live parts within a motor
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Figure 10.2

Probe for film-coated magnet wire of a motor
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Figure 10.3
Accessibility probe
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Figure 10.4

Opening in an enclosure
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10.1.5 An uninsulated live part $hall not be located behind an opening that may be used to make an
adjustment considered to be a function of user servicing if a.1/8-inch (3.2-mm) diameter straight rod can
be made to touch the part when the rod is inserted through the opening and moved to all positions
possible without producing an angje of more than 30 degrees between the rod and the line drawn between
the center of the opening and thg center of the face of the adjusting mechanism. The length of the rod
beyond the opening is not to ex¢eed the distance-between the opening and the face of the adjusting
mechanism by more than 3 inches (76 mm). Sele Figure 10.5.
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Figure 10.5

Accessibility of live parts through adjustment opening
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10.1.6 During the examination of|an appliance in connection with*the requirements in 10.1.4 — 10.1.5, a
part of the outer enclosure that i capable of being removed.without the use of tools, or that must be
opened or removed for user servicing, is to be disregarded < that is, it shall not be assumed that the part in
question affords protection agains{ the risk of electric shock. A warning marking such as that specified in
89.10 does not meet the intent of reducing the risk of-electric shock.

Exception: The cover of a compariment that does-not enclose user-serviceable parts and that is retained
in the closed position by means of fa keyed lock'is to be retained in place while examining the appliance in
accordance with 10.1.4 — 10.1.5 when the 'marking specified in 86.13 is on or adjacent to the cover.

10.2 Open wire heating elements

10.2.1 A cover or enclosure of an open-wire element shall not be perforated or otherwise constructed so
that complete protection against contact with the element is not provided.

10.2.2 An exposed open-wire element in an appliance shall not be accessible to contact by the user.

Exception No. 1: This requirement does not apply to a toaster with the minor dimension of the slot
opening less than 1-1/2 inch and designed for operation on a circuit involving a potential to ground of 250
volts or less.

Exception No. 2: This requirement does not apply to the rotating head of a cotton-candy maker designed
to rotate at 3000 revolutions per minute or more, provided the heating element can only be contacted
through the opening into which sugar is poured.
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10.3 Lamps, quartz enclosed heating elements, and similar components

10.3.1 A lamp, a quartz-enclosed heating element, or a similar component shall be installed or guarded
so that it is not broken by utensils, such as pans or trays, inserted in an oven or similar compartment. The
acceptability of a guard provided for protection is to be evaluated by impacting the guard as specified in
63.1.2.

10.3.2 A guard constructed of polymeric material shall comply with the enclosure requirements in
accordance with the Standard for Polymeric Materials — Use in Electrical Evaluations, UL 746C.

10.3.3 Except as indicated in 10.3.4, the surface of a component as mentioned in 10.3.1 shall not be
contacted when a 3/4 inch (19 mm) diameter rod, 3 inches (76 mm) long and supported vertically, is

moved in any direction in a horizon

10.3.4 When more than one-hal
plane of the top of a compartmen
projects more than 3/4 inch (19 mr

10.3.5 A lens, shield, or shade
lamp, a quartz-enclosed heating €
not be adversely affected by the te

tal plane.

of the cylindrical or spherical surface of a lamp is recessed above the
, the remaining lamp surface shall not be unguarded unless no pettion
h) below the top.

employed as the guard required by 10.3.1 shall not be supported by a
lement, or a similar component, and shall be made of,material that will
mperature encountered in normal operation.

10.3.6 A lamp, a quartz-enclosed heating element, or a similar component in a radiant-heat food warmer

shall be recessed so that no part o

10.3.7 A lampholder — including
a person replacing the lamp canng

10.3.8 The requirement in 10.3.
lampholder or a fuseholder or to
associated with the component be

10.4 Fuses, circuit breakers, s

f the component extends below the guard or shade.

one for a quartz-enclosed heating elemént — shall be so located so that
t unintentionally touch an uninsulateddive part.

/ does not apply to the screw shell or center contact of a screw shell
the clips of a fuseholder or"a quartz-enclosed heating element that is
ng replaced.

ipplementary protectors, and manually reset controls

10.4.1  The requirements of 10.4
that is not required by this standar

3,10.4.4, 10:4.6, and 10.4.9 — 10.4.11 do not apply to a fuse or device
j when:

a) The cover/enclosure part giving access to the fuse or device is marked in accordance with
86.13; or

b) The fuse is a non-replaceable type.

10.4.2 A fuseholder, circuit breaker, supplementary protector, or manually reset thermostat shall not be
accessible from outside the appliance without opening a door or a cover.

Exception: The operating handle of a circuit breaker, or supplementary protector, reset means of a
manually reset thermostat and the insulating cap of an extractor-type fuseholder as specified in 10.4.11 (b)
or (c) are not prohibited from being accessible from outside of the appliance.

10.4.3 An appliance shall be designed so that fuses can be replaced and manually reset devices reset
without removing an enclosure part other than a service cover or panel.

10.4.4 Access for replacing fuses and resetting circuit breakers and supplementary protectors shall not
be unduly restricted. Upon removal of the cover or panel referenced in 10.4.3, such devices shall be
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Exception: Protrusions which do
required to be defined as the perim

10.4.6 An appliance shall be con
panels which give access to a fuse

10.4.7 When a panelboard is prq
Panelboards, UL 67, and be install

accessible from outside the unit
supplementary protectors shall not be recessed more than 12 inches (305 mm) behind the perimeter of a
floor mounted appliance. See 13.4

10.4.5 For the purpose of these
surface containing the outermost edges of the appliance, including overhangs and other protrusions such
as counter tops that are:

via a straight line. Fuses and the actuators of circuit breakers and

—-13.10.

requirements, the perimeter of the appliance is defined as the vertical

a) Located within 3.0 feet (0.9 m) of the supporting surface; and

b) Within 15 inches (380 m
either side of the fuse/circu
distance.

m) to either side of the fuse or actuator or within 5 inches (130 mm) to
it breaker/supplementary protector enclosure, whichever is the greater

a) The panelboard shall be

b) Any opening giving acce
the panelboard;

¢) No part of the applianc
giving access to the panelb

Exception: A panelboard is
construction complies with |

d) The panelboard shall be

e) The face of the panelbg
inches (150 mm) behind thq

Exception: This requiremen

not exceed 4 inches (10 cm) from the edge of an appliance are not
eter of an appliance.

structed to permit at least a 90 degree opening of all doors and hinged
or the actuator of a circuit breaker or supplementary protecter.

vided as a part of an appliance, it shall comply with<4he Standard for
pd in accordance with the following:

mounted vertically;

s to a panelboard shall be at least as wideand high as the deadfront of

b shall obstruct the space between ‘the panelboard and any opening
bard;

not prohibited from beingiocated behind a door or cover when the
0.4.8.

marked in accordance with 86.23; and

ard shall be directed outward and shall not be recessed more than 6
perimeter-of:the appliance.

f does not apply when:

1) Accessibility for s

ervicing of another part of the overall appliance would be impeded by

locating the panelbo

ard as specified;

2) The panelboard is located to provide access to the fuses and/or actuators in accordance
with 10.4.4 (for example, with the front of the panelboard located perpendicular to and
immediately behind an access opening);

3) When the panelboard is provided with a door, the panelboard door is hinged on the side
away from the direction of access;

4) At least one edge

of the panelboard is located within 6 inches (150 mm) of the perimeter

of the appliance in the direction of access; and

5) When the panelboard is located behind a door or cover, see 10.4.8, at least one edge of

the panelboard is lo
the door or cover.

cated within 1 inch (25 mm) behind the plane created by the inside of
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10.4.8 When a panelboard is located behind another door or cover:

a) The construction of the appliance shall permit at least a 90 degree opening of all doors and
hinged panels which give access to the panelboard.

b) The opening giving access to the panelboard shall be at least as wide and high as the deadfront
of the panel board.

c) The door or cover shall be constructed so that the panelboard is accessible without the use of
tools; and

d) The space between the door or cover and the face of the panelboard shall be open; that is, no
part of the appliance shall be located within that space, and the cabinet or enclosure shall be

constructed so that the spa

10.4.9 A fuseholder, circuit bres
replacing the fuse or resetting a

part. Note: a screwshell or extd
uninsulated live part unless powe
removable fuseholder parts before

Exception No. 1: Uninsulated live
in accordance with 89.10.

Exception No. 2: For the purpo
control circuit rated less than 150
live part. See 19.4.

ce is restricted from use as a storage space.

ker, or other manually reset device shall be located so that a person
manually reset device cannot unintentionally touch an uninsulated’live
actor-type fuseholder involves a risk of unintentionally touching’ an
is disconnected to all uninsulated parts of the fuse and all uninsulated
they become exposed when removing the fuse.

parts are not prohibited from being accessible when-the unit is marked

be of this requirement a screwshell or extractor-type fuse holder in a
volts does not involve a risk of unintentienally touching an uninsulated

10.4.10 Except as indicated in 1(.4.11 and 10.4.12, the door or cover of an enclosure shall be retained in

place by hinging, pivoting, sliding,

r equivalent means when:

a) It gives access to any fuse, circuit-breaker handle,\or-manually resettable lever of a temperature
control in a circuit involving|a risk of fire or electrical'shock (see 8.1.2 — 8.1.5); and

b) Uninsulated live parts a
resetting device.

Such a door or cover shall also
other than the screw shell of a ply
be provided with a captive screw

exposed during-the'replacement of a fuse or resetting of the manually

e provided-with an automatic latch or the equivalent. When live parts
g fuseholder are exposed inside the enclosure, the door or cover shall
br equivalent means which require the use of a tool to open and secure

the door or cover in place. See 10,

Yv13'and 10.4.14.

10.4.11

A hinged cover is not required for an enclosure in which the only fuses enclosed are:

a) Control circuit fuses, when the fuses and control circuit loads (other than a fixed control circuit
load, such as a pilot lamp) are within the same enclosure;

b) Fuses located in a circuit with a grounded supply conductor, when the fuses are located in
extractor-type fuseholders with integral enclosures where the fuse is accessible for replacement
without exposing live parts other than a fuse contact of the fuseholder or the fuse itself. See 19.3
and 19.4;

c) Fuses located in a circuit without a grounded supply conductor, when the fuses are located in
specially designed extractor-type fuseholders with integral enclosures where the fuse is accessible
for replacement without exposing live parts, including any live part of the fuseholder or fuse, during
fuse replacement (for example, a fuseholder that automatically and reliably disconnects power to
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the fuse and any other conductive parts exposed during fuse replacement before those parts
become exposed).

10.4.12 The removable portion of a fused pullout switch that complies with the requirements in 7.1.1 and
8.1 - 8.5, is determined to be an acceptable cover for the fuseholder and is not required to comply with the
requirements in 10.4.10.

10.4.13 A spring latch, a magnetic latch, a dimple, or other mechanical arrangement that holds the door
closed and requires some effort on the user's part to open is determined to provide the "automatic latching
means" for holding the door closed as required in 10.4.10.

10.4.14 A cover interlocking mechanism complies with the requirement for an automatic latch in 10.4.12

and the requirement for a captive s

a) Must be engaged in the
and

b) Will secure the cover in
door or cover closed.

Crew or equivalent in 10.4.10 when it:

closed position of the cover before any uninsulated part is energized;

he closed position, when provided as the sole means for securing the

10.4.15 A screw with a knurled and slotted head (for securing with a screwdriver) which{an be manually

turned does not meet the intent as

10.4.16 Fuses shall comply with
UL 248-1, and the applicable Part
248-5). Defined use fuses that co
considered to comply with this requ

10.4.17 Fuseholders shall compl
UL 4248-1, and the applicable Parf]

10.4.18 Circuit breakers shall cor
Switches and Circuit-Breaker Enclq

Exception: Circuit breakers used if
Breakers for Use in Communicatio

10.4.19 Circuit breakers having
electrical shock shall additionally ¢

being a required enclosure securing means.

the Standard for Low-Voltage Fuses — Part 1;"\General Requirements,
e.g. the Standard for Low-Voltage Fuses —(Bart 5: Class G Fuses, UL
mply with UL 248-1 and another applicable standard for the fuse are
irement.

y with the Standard for Fuseholders — Part 1: General Requirements,
(e.g., the Standard for Fusehaldérs — Part 9: Class K, UL 4248-9).

hply with the Standard for-Molded-Case Circuit Breakers, Molded-Case
sures, UL 489.

telecommunications circuitry that comply with the Standard for Circuit
s Equipment;, UL 489A, need not comply with UL 489.

ntegrahground fault circuit interrupter capability for protection against
bmply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

10.4.20 Supplementary protector
in Electrical Equipment, UL 1077.

10.4.21 Fusing resistors shall co
Resistors for Radio- and Television

11 Guarding of Moving Parts
1.1

General

11.1.1

s shall comply with the Standard for Supplementary Protectors for Use

mply with the Standard for Fusing Resistors and Temperature-Limited
-Type Appliances, UL 1412.

Moving parts capable of causing injury to persons shall be enclosed or guarded.
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Exception: Moving parts are not required to be enclosed for an appliance that is provided with an on-off
control that is readily accessible from the operating position, and when complete guarding of a moving part

that obviously involves a risk of inj

11.1.2 An opening in a guard or

ury to persons would defeat the utility of the appliance.

enclosure around a moving part that involves a risk of injury to persons

shall not permit the probe illustrated in Figure 10.3 to contact the part.

Exception: In a convection oven,

an air-circulating fan provided with a guard that does not permit the

entrance of a 3-inch (76 mm) diameter probe meets the intent of this requirement.

11.1.3 Alid or a door, such as a motor-operated cover on a pressure cooker, that can entrap a person,

shall be guarded or be actuated b

the lid or cover, reverses the closir

11.1.4 The following factors shal

a) Degree of exposure nec

b) Sharpness of the moving

c) Likelihood of unintention

a momentary contact switch that, when released prior to full closure of

g operation.

be considered when an exposed moving part is being evaluated:
bssary to perform its intended function;
part;

Bl contact therewith;

d) Speed of the moving paft; and

e) Likelihood that a part off

the moving part.

These factors are to be conside
reasonably foreseeable misuse.

11.1.5 The adequacy of a guard
device is required, are to be

characteristics, and the likelihood
negligence (see 14.2.1). The inV

the body would be endangered or that clothing“would be entangled by

red with respect to both intended.apgration of the appliance and its

a safety release, an interlock; and the like and whether or not such a
fletermined from a study~of the complete appliance, its operating
of a risk of injury to persons resulting from a cause other than gross
estigation is to inelude consideration of the results of breakdown or

malfunction of any one compongnt; but not more than one component at a time, unless one event

contributes to another. If the study
injury to persons, that component

11.1.6 Spring loaded levers en
described in 85.3 when operation

11.2 Materials

11.2.1

shows that malfunction of a particular component can result in a risk of
s to be investigated for acceptability.

nployed.in espresso machines shall be provided with the marking
vithout coffee in the holder results in a risk of injury to persons.

When the breakage or damage of a guard results in a risk of injury to persons, the material shall

have such properties as to meet the demand of expected loading conditions. See Section 63, Strength of

Enclosures, Frames, and Guards

Test. A guard constructed of polymeric material shall comply with the

enclosure requirements in accordance with the Standard for Polymeric Materials — Use in Electrical

Evaluations, UL 746C.

11.2.2 The requirements in 11.2.1 apply to those portions of a part adjacent to a moving part or an
exposed live part determined to present a risk of injury to persons.
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12 Protection Against Injury to Persons

12.1  When operation, maintenance, or reasonably foreseeable misuse of an appliance by the user
involves a risk of injury to persons, protection shall be provided for the reduction of such risk to an
acceptable degree.

12.2 There are risks of injury to persons inherent in some appliances that, when completely eliminated,
would defeat the utility of the appliance. The requirements in this section are intended to minimize such
risks, while retaining the intended function of such appliance.

12.3 Specific tests, constructions, markings, and guards are detailed for some appliances. Such detailed
requirements apply to common constructions; specific features and appliances not covered herein are to

be given appropriate consideration
13 Protection of Service Personnel

13.1 Uninsulated live parts involying a risk of electric shock and moving parts within the enclosure. that

involve a risk of injury to persons
prevent unintentional contact by

shall be located, guarded, or enclosed as specified in 13.4 ~43.10 to
service personnel performing mechanical service functions’that are

performed with the equipment energized. See 13.2.

13.2 Mechanical service functiorn
adjusting a water-control valve; adj
marked dial settings; resetting a ¢
damper. A factory-set-and-sealed

13.3 The requirements in 13.1 a

s that are typically performed with the equipment’ energized include:
usting the setting of a temperature or a pressure control with or without
bntrol trip mechanism; operating a manual switch; adjusting an air-flow
ontrol is not considered to be adjustable.

re not applicable to mechanical service functions that are not usually

performed with the equipment energized. Such functions include ‘opening a drain plug, adjusting or

replacing a drive belt, and similar ta

13.4 An adjustable or resettablg

sks.

electrical control or a(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 acg
moving parts involving a risk of ele

a) Not located in front —in th

omplished in the usual direction of access if uninsulated live parts or
ttric shock or injury.to persons are:

e directionof\access — of the mechanism; and

b) Not located within 6 inchgs (152.mm) on any side or behind the mechanism, unless guarded.

13.5 An electrical control compo

hent that requires examination, adjustment. servicing. or maintenance

while energized, not including measuring voltage, shall be located and mounted with respect to other
components and with respect to grounded metal parts so that it is accessible for electrical service
functions without subjecting the serviceman to the risk of electric shock from adjacent uninsulated live
parts or to a risk of injury to persons from adjacent moving parts. See 13.9.

13.6 Accessibility and protection against the risk of electric shock and injury to persons may be obtained
by mounting the control components in an assembly so that unimpeded access to each component is
provided through an access cover or a panel in the outer cabinet and the cover of the control assembly
enclosure by the following arrangement (see Figure 13.1):

a) The components are located so that the farthest component in the assembly is not more than 15
inches (356 mm) from the plane of the access opening in the outer cabinet.

b) Uninsulated live parts outside the control assembly projected clear space — except live parts
within a control panel — and unguarded moving parts involving a risk of casualty are located not
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closer than 6 inches (152 mm) from any side of the access area. The projected clear space is
considered to be bounded on the sides by the projection of the smallest rectangular perimeter
surrounding the outside edge of the components or the control enclosure when provided. The
access is considered to be bounded on the sides by the projection of the smallest rectangular
perimeter surrounding the outside edge of the components or the control enclosure when provided.
The access area is considered to be bounded on the sides by the projection of the perimeter of the
access opening in the outer cabinet to the closest rectangular perimeter surrounding the outside
edge of the component or the control enclosure.

c) The volume generated by the projected clear space of the control assembly to the access

opening in the outer cabinet — within the access area — is completely free of obstructions, including
wiring.

d) Access to the componenpts in the control assembly is not impeded in the direction of access by
other components or by wilfing in this assembly.

e) Extractor-type fuseholdgrs and snap switches mounted through the control assembly enclosure
are located so that there isjunimpeded access to these components through the access opening in
the outer cabinet and thgy are not immediately adjacent to unguarded uninsulated.live parts
outside the control assembly enclosure. See 13.4.

Figure 13.1

Accessibility and protection
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SCO0727A

L

13.7 Component or control assemblies that are rotated or otherwise displaced for service are acceptable
when the electrical control components are accessible for service as indicated in 13.5.

13.8 Other arrangements of components or guarding are also acceptable when electrical control
components are accessible for service as indicated in 13.5.
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13.9 The electrical components referred to in 13.5 — 13.8 include fuses, adjustable or resettable overload
relays, manual or magnetic motor controllers, magnetically operated relays, adjustable or resettable
pressure or temperature controllers, manual switching devices, and clock timers. Such components in a
low-voltage circuit are to comply with the requirements in 13.5 with respect to:

a) Uninsulated live parts in a line-voltage circuit; and

b) Moving parts involving a risk of injury to persons.

13.10 Electrical components in an appliance shall be located so that access for servicing or replacement
will not be unduly restricted. It shall not be necessary to remove one electrical part in order to service or
replace another.

14 Interlocks

14.1 General

14.1.1 The requirements in 14.1
8, Electrical And Fire Enclosures
Moving Parts.

and 14.2 apply to an interlock that is necessary to comply with Section
Section 10, Accessibility of Live Parts, or Section 11, Guarding of

14.1.2 The actuator of an interlog
See 31.3.2-31.3.4.

k switch shall be located so that unintentional opetation does not occur.

14.1.3 Operation of an interlock i
deliberate defeat of an interlock.

h normal use shall not inconvenience the operator so as to encourage

14.1.4 An interlock shall not be d
use.

efeated by food or cooking materials that could accumulate in normal

14.1.5 Aninterlock system shall g

Exception: This requirement does
actuation means, have been evalu.

14.1.6 An electronic interlock cir
Safety-Related Controls Employin
circuit shall comply with the require
1998.

omply with Section 69, Endurance Test for Interlock Switches.

hot apply to an interlock system in which all components, including the
bted for 100,000.¢ycles.

cuit shall eomply with the requirements of the Standard for Tests for
j Solid:State Devices, UL 991. In addition a software-based interlock
ments-of the Standard for Software in Programmable Components, UL

14.2 Moving parts

14.2.1 Moving parts involving a risk of injury to persons protected by a service or loading door,
interlocked so that such parts are de-energized when the door is opened, are guarded as intended when
one of the following conditions is met:

a) The moving parts stop within 5 seconds after the door is opened; or

b) The interlock prevents the door from being opened until the moving parts stop.

14.2.2 An interlock actuated by movement of a guard shall permit operation of the parts being guarded
only when the guard is in place. With the guard removed, the interlock shall comply with the requirement in
14.1.2.
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15 Protection Against Corrosion

15.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means when corrosion of such parts results in the risk of fire, electric shock, or injury to
persons.

Exception No. 1: This requirement does not apply to surfaces of sheet steel and cast iron parts within an
enclosure when the oxidation of iron or steel due to the exposure of the metal to air and moisture is not
appreciable — thickness of metal and temperature also being factors.

Exception No. 2: This requirement does not apply to bearings, laminations, or minor parts of iron or steel,
such as washers, screws, and similar parts.

Exception No. 3: This requiremégnt does not apply to a sheath of a heating element of other than an

immersion-type heater.
16 Electrical Supply Connectigns for Permanently Connected Appliances

16.1 General

16.1.1 An appliance intended fo
connection to at least one of the
as suitable for the appliance.

Exception: This requirement does
an outlet box.

16.1.2 An appliance intended fo
means for permanent connectior
building structure only by flexible
structure.

Exception: A stationary appliance
pipes, vent pipes, or drains, is not

a) The appliance is rated 1

b) The appliance is provig
supply cord with an attachn

r permanent connection to the power supply shallhave provisions for
viring systems specified in the National Electrical Gode, ANSI/NFPA 70

not apply to an appliance designed to be rmiounted to and supported by

[ permanent connection to the building structure shall be provided with
to the branch-circuit supply. An appliance that is connected to the
hoses is not considered to(be permanently connected to the building

fhat is connectedto the building structure only by plumbing such as inlet
brohibited from(being cord connected when:

P5 volts, 20.amps maximum; and

ed with-a type SO, SOO, STO, STOO, SEO, HSO, or HSOO power
hentplug cap and strain relief means.

16.1.3 An appliance intended to be built-in or recessed is allowed to be provided with 3 — 8 feet (0.9 -2.4
m) of flexible metal conduit of not less than 1/2-inch electrical trade size, with leads and a grounding
conductor installed to facilitate servicing and installation. The flexible conduit is not required to terminate in
an outlet box at the free end. An antishort bushing is to be installed and retained as intended. See 88.3.

16.1.4 There shall be a flat surface surrounding a knockout or conduit opening. The flat surface shall
have an area that permits assembly to the appliance of a length of standard rigid metallic conduit. The
diameter of the opening shall accommodate conduit of the trade size for which the opening is intended and
either the flat surface and opening shall have a minimum diameter, or the throat shall have a diameter, in
accordance with Table 16.1.
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Table 16.1
Dimensions associated with openings for conduit
Unthreaded openings Threaded openings
Trade size of Nomir!al knockout Minimum diameter of Minir?'lum throat Maxir.num throat
conduit, diameter flat surface at knockout diameter diameter
inches Inches (mm) Inches (mm) Inches (mm) Inches (mm)

12 7/8 (22.2) 1.140 (28.96) 0.560 (14.22) 0.622 (15.80)
3/4 1-3/32 (27.8) 1.420 (36.07) 0.742 (18.85) 0.824 (20.93)

1 1-23/64 (34.5) 1.770 (44.96) 0.944 (23.98) 1.049 (26.64)
1-1/4 1-23/32 (43.7) 2.281 (57.94) 1.242 (31.55) 1.380 (35.05)
1-1/2 1-31/32 (50.0) 2.598 (65.99) 1.449 (36.80) 1.610 (40.89)

2 2-15/32 (62.7) 3.175 (80.64) 1.860 (47.24) 2.067 (52.50)
2-1/2 3 (76.2) 3.562 (90.47) 2.222 (56.44) 2.469 (62.71)

16.1.5 A knockout in a sheet mg
without undue deformation of the e

16.1.6 A permanently connected
shall be provided with a means for
the appliance so that stress is ng
marked in accordance with 88.14 a

16.2 Wiring compartment

16.2.1 A terminal compartment i
appliance such that it is restrained

16.2.2 A wiring compartment for
accommodate the wiring of the si
accordance with the National Elect

16.2.3 The location of a termi
permanently wired appliance are t
disturbing wiring or the appliance a

Exception: Wiring, other than fiel

tal enclosure shall be reliably secured but capable of beingremoved
hclosure.

appliance provided with casters or wheels on all legs of the appliance
securing the appliance to the building structure to limitthe movement of
t transmitted to the electrical supply conduit. Theappliance shall be
nd provided with the installation instructions specified in 91.8.

htended for connection of a supply raceway shall be attached to the
rom turning.

field-wiring connectiong-shall be of metal and of a volume that will
ze indicated in 16.3.14,and conduit and fittings sized for the wire in
rical Code, NFPA 70.

nal box or compartment in which branch-circuit connections to a
be made-shall be such that the connections can be inspected without
ter the appliance has been installed as intended.

H-wiring, is not prohibited from being moved in accordance with the

Exception to 16.2.6.

16.2.4 Provision for inspection of connections on the rear or bottom of a floor-mounted appliance is not
acceptable except that access can be provided on the rear when the appliance is either provided with

casters or is marked to indicate a
Access is to be judged when the
when applicable, 50.4.5.

spacing of not less than 30 inches (762 mm) in accordance with 86.5.
appliance is installed in the test arrangement described in 50.4.3 and

16.2.5 No internal wiring or component shall be located where it is likely to be unintentionally damaged

during installation or inspection of f

ield-wiring.

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

compartment, that must be remove

d for the purpose of making or inspecting field-wiring connections.
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Exception: A single electrical component, such as a switch, pilot light, or similar component, is not
prohibited from being mounted on a wiring compartment cover when it complies with the following items:

a) The component connecting leads shall be of such a length to provide for the making and
examination of field-wiring connections;

b) None of the component connections shall be field wired;

c) Strain relief shall be provided to prevent stress from being transmitted to the component wiring
termination and shall comply with the Strain Relief Test in Section 60;

d) The component or cover shall be provided with a separate means for bonding in accordance
with Section 15, Bonding for Grounding;

e) The minimum size of thd component lead shall be 18 AWG (0.82 mm?); and

f) Wiring terminations on the component shall be recessed or protected by barriers of insulating
material or the equivalent that will provide protection from contact with wiring installed in the box, or
unintentional contact during installation or inspection of field-wiring.

g) The cover shall be hinged or sliding type, or equivalent, constructed so that it will not be
supported by wiring or glectrical components during installation or inspection ‘of field-wiring
connections.

16.2.7 In a terminal box or wiring compartment, the distance between the end afiany wire connector or
lug and the wall of the enclosure, toward which the conductor is directed or through which the connected
conductor passes, shall be as spegified in Table 16.2.

Table 16.2
Wire bending space at field-wiring terminals
Wire size Minimum space, terminal to wall
AWG (mm?) inches (mm)?
14-10 (2.1-5.3) Not specified
8-6 (8.4-13.3) 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, 2/0 (53.5767.4) 3-1/2 (88.9)
2 If a conductor is restricted from bending by a barrier or § s ) 1 1
end of the barrier.

16.3 Field-wiring terminals and leads

16.3.1 A field-wiring terminal is a terminal to which a supply or other wire can be connected by an
installer in the field, unless the wire is provided as part of the appliance and a pressure terminal connector,
soldering lug, soldered loop, crimped eyelet, or other means for making the connection is factory-
assembled to the wire.

16.3.2 A permanently connected appliance shall be provided with wiring terminals or leads for the
connection of conductors having an ampacity at least 125 percent of the current input to the appliance
when tested in accordance with the Power Input Test, Section 47, and at least 125 percent of the rated
current of the appliance.
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Exception: When the appliance is marked with a maximum branch circuit overcurrent protective device
current rating (see 28.1.3, 28.1.4, and 86.10), the terminals are not prohibited from being sized for
conductors smaller than specified, provided that the terminals are sized for the connection of conductors
having an ampacity at least equal to the marked maximum branch circuit overcurrent protective device
current rating.

16.3.3 Ampacity of field-wiring conductors is to be determined using Table 310-16 of the National
Electrical Code, ANSI/NFPA 70. The uncorrected values for 60°C (140°F) conductors shall be used for
appliances rated 100 amperes or less, and the uncorrected values for 75°C (167°F) conductors shall be
used for appliances rated more than 100 amperes, even when conductors with a higher rating are required
by markings or instructions. See 16.3.14 and 88.3 — 88.5.

16.3.4 It is to be assumed thatJ)wire having the specified temperature rating will be installed for the
power-supply conductors to an appliance marked in accordance with 88.3 and 88.4. Otherwise, it is to be
assumed that 60°C (140°F) wire will be used for connection to an appliance rated 100 amperes or less
and that 75°C (167°F) wire will be ysed for an appliance rated more than 100 amperes.

16.3.5 Wiring terminals or leads {uitable for conductors having an ampacity less than specified.in 16.3.2,
but at least equal to the rated cUrrent of the appliance and at least equal to the current.input of the
appliance, when tested in accordamce with the Power Input Test, Section 47, shall comply with(a) and (b).
Note that this calculation is to be used to determine suitable power-supply connection méans and suitable
branch-circuit overcurrent-protectiye device (BCOPD) ratings only and not to determine.the current rating
of the appliance.

a) When the appliance is gperated per the Input Averaging Test, Section 48, the average current
input to the appliance shal| be 80 percent or less of the anticipated"BCOPD current rating. This
rating is to be calculated asffollows:

1) The average current is to be multiplied by 1.25.

2) The next-higher $tandard BCOPD rating above-the result from (1) is to be determined
(see 28.1.6). Excepflas noted in (3) and (4), this)is determined to be the anticipated BCOPD
rating.

3) When the result pf (2) is less than“the rated current of the appliance, the next-higher
standard BCOPD ragting above the(rated current of the appliance is to be determined (see
28.1.6). Except as npted in (4), this.is determined to be the anticipated BCOPD rating.

4) The manufacturel has thé option to specify a higher rating than that calculated using (1) —
(3). When the manufacturerchooses to specify a higher rating, the manufacturer's specified
rating is determined te_be‘the anticipated BCOPD rating.

b) The wiring terminals or leads shall be suitable for conductors having an ampacity of at least the
anticipated branch-circuit overcurrent-protective device current rating.

The appliance shall be marked as described in 86.10.

16.3.6 It should be noted that 14 AWG (2.1 mm?) is the smallest conductor that is capable of being used
for branch-circuit wiring and thus is the smallest conductor that is to be anticipated at a terminal for
connection of a branch-circuit conductor.

16.3.7 When terminals of unequal sizes are provided because of unbalanced loads, each terminal shall
be sized to accept a conductor required for the current that is carried by the conductor connected to that
terminal, as determined in accordance with 16.3.2 or 16.3.5. See 88.4.
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16.3.8 A field-wiring terminal shall be restrained from turning or shifting in position by means other than
friction between surfaces. This shall be accomplished by two screws or rivets, by square shoulders or
mortises, by a dowel pin, lug or offset, by a connecting strap or clip fitted into an adjacent part, or by some
other equivalent method.

16.3.9 A field-wiring terminal shall be provided with a soldering lug or pressure wire connector firmly
bolted or held by a screw.

Exception: A wire binding screw shall not be employed at a wiring terminal intended to accommodate a 10
AWG (5.3 mm?) or smaller conductor unless upturned lugs, cupped washers or the equivalent are
provided to hold the wire in position.

16.3.10 Each upturned lug or cypped washer referred to in the Exception to 16.3.9 shall be capable of
retaining a power-supply conductor corresponding in size to that specified in 16.3.2, but not smaller than
14 AWG (2.1 mm?), under the heafl of the screw or the washer.

16.3.11 A wire-binding screw at
The threads shall not be finer than

Exception No. 1: A No. 8 (4.2 mm
only for the connection of a 14 AW

Exception No. 2: A No. 6 (3.5 mm
a 16 or 18 AWG (1.3 mm? or 0.8 n

16.3.12 A terminal plate tapped
mm) thick.

Exception: A plate is allowed to bg
the intended mechanical strength.

16.3.13 There shall not be less {
binding screw. The metal may be ¢

16.3.14 Field-wiring leads proviq
rating not less than that of a cong
appliance. See 16.3.3 and 16.3.4

a wiring terminal shall not be smaller than No. 10 (4.8 mm diameter).
that of the national fine thread series for the screw size.

diameter) screw is not prohibited from being used at a terminal intended
G (2.1 mm?) conductor.

diameter) screw is not prohibited from being used for the connection of
m?) control circuit conductor.

for a wire-binding screw shall be of metal not less than 0.050 inch (1.27

not less than 0.030 inch (0.76 mm) thick when the tapped threads have

han two full threads in‘the metal of the terminal plate tapped for a wire-
xtruded at the tapped hole to provide two full threads.

ed for connégtion to the branch-circuit supply shall have an ampacity
uctor of the-next smaller size than that acceptable for the rating of the
Field-wiring leads for connection to the branch-circuit supply shall not

be smaller than 18 AWG.

16.3.15 The free length of a lead inside an ouflet box or field-wiring compartment shall be 6 inches (152

mm) or more.

Exception: This requirement does
box or wiring compartment.

not apply to field-wiring supply connections enclosed in a motor terminal

16.4 Grounded supply conductor

16.4.1 A permanently connected

appliance rated 125 or 125/250 volts (3-wire) or less employing a screw

shell lampholder, a single-pole switch, or a single-pole overcurrent-protective device other than an
automatic control without a marked off position, shall have one terminal or lead identified for the
connection of the grounded conductor of the supply circuit. (See Section 19, Polarization, and Section 33,
Lampholders.)
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16.4.2 A field-wiring terminal intended for the connection of a grounded-supply conductor shall be
identified by means of a metallic coating that is white in color and shall be easily distinguishable from the
other terminals, or proper identification of the terminal for the connection of the grounded conductor shall
be clearly shown in some other manner, such as on an attached wiring diagram.

16.4.3 When wire leads are provided instead of terminals, the surface of the lead intended to be
connected to the grounded conductor of the supply circuit shall be finished to show white or grey color and
shall be easily distinguishable from the other leads.

16.5 Equipment grounding connection

16.5.1 A permanently connected appliance shall be provided with a field-wiring terminal or lead for

connection of an equipment-groundiing conductor.

16.5.2 A field-wiring terminal intgnded solely for connection of an equipment-grounding conductor shall
be capable of securing a conductof of the size acceptable for the application. See 16.5.4.

16.5.3 The surface of an insulpted lead intended for the connection of an equipment-grounding
conductor shall be green, with off without one or more yellow stripes, and no other leadshall be so
identified.

16.5.4 A wire binding screw intended for the connection of an equipment grounding‘eonductor shall have
a green colored head that is hg¢xagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be plainly identified as such by being marked "G", "GR", "GND",
"Ground", "Grounding", or the symbol in Figure 16.1 (IEC417, Symbol 5019),.adjacent to the terminal or on
a wiring diagram.

Figure 16.1
Grounding Symbol}

16.5.5 The wire binding screw or pressure wire connector intended for the connection or an equipment-
grounding conductor shall be located so that it is not removed during servicing of the appliance.

16.5.6 Sheet metal screws shall not be used for:

a) Field connection of equipment grounding conductors to an enclosure; and
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b) Connection of a factory-provided grounding lead to an enclosure.
For the purposes of this requirement, a sheet metal screw is defined as a screw with a thread pitch that
exceeds the thickness of the sheet metal and is designed to engage an unextruded, unthreaded hole in
the metal.
17 Electrical Supply Connections for Cord-Connected Appliances

17.1 General

17.1.1 A power-supply cord shal
SEOW, SJO, SJOW, SJOO, SJO

| be Type SO, SOW, SO0, SOOW, STO, STOW, STOO, STOOW, SEO,
OW, SITO, SITOW, SITOO SJTOOW, SJEO, SJEOW, HSO HSOW

HSOO, HSOOW, HSJO, HSJOW,
cable.

Exception No. 1: Type HPN cord i

a) The appliance is intende

b) The weight of the applia

Exception No. 2: Type W 1 —4/0 4
when provided with a grounding cq

17.1.1.1 A cord set or power sup
Cords, UL 817.

HSJOO, HSJOOW, or Type G 1 — 4/0 AWG (42.4 — 107.2 mm?) flexible

5 not prohibited from being used when:
d for counter-top or chain-suspended use; and

nce is not more than 15 pounds (6.8 kg).

\WG (42.4 — 107.2 mm?) flexible cable is not prohibited from being used
nductor.

ply cord shall comply with the Standard for,Cord Sets and Power-Supply

17.1.1.2 Flexible cords and cablgs shall comply with the Standard fer Flexible Cords and Cables, UL 62.

Flexible cord and cables are con
power supply cord complying with

17.1.2 The length of attached co

Exception: A wall-mounted fixed
mounted coffee maker, meets thg

sidered to fulfill this requirement-when preassembled in a cord set or
the Standard for Cord Sets and-Power Supply Cords, UL 817.

rd or separable cord set shall be within the limits specified in Table 17.1.

appliance that ,must employ cord to permit servicing, such as a wall-
intent of the.requirement when provided with a flexible cord not more

than 18 inches (457 mm) long andl an attachment plug for supply connection. The investigation of such a

feature shall include consideratior
from its source of supply by mean:

of the tility of the appliance and the necessity of having it detachable
of theplug.

Table 17.1
Length of supply cord
Minimum Acceptable Length Maximum Acceptable Length
Type of Appliance Feet (mm) Feet (mm)

Counter top or Coffee or other liquid heating 2.0 (610) 3.0 (914)
table top appliance with a pouring spout

arranged so that to pour the liquid,

the unit must be lifted from or tilted

with reference to supporting

surface

All counter top or table top 2.0 (610) 6.0 (1829)

appliances not covered above
Floor-mounted 3.0 (914) 10.0 (3048)

NOTE — Applies to an attached cord or a separable cord set.
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17.1.3 The current and voltage rating of the cord and the fittings (including the attachment plug) shall not
be less than that of the appliance and shall not be less than the maximum current input of the appliance
when tested in accordance with the Power Input Test, Section 47.

17.1.4 The current rating of the attachment plug of an appliance rated more than 15 amperes shall not
be less than 125 percent of the maximum current input of the appliance when tested in accordance with
the Power Input Test, Section 47 and not less than 125 percent of the rated current of the appliance.

Exception: The attachment plug is not required to be rated as specified in 17.1.4 when all of the following
items (a) through (c) are met. The attachment plug shall comply with 17.1.3 in any case.

a) It is rated not less than the current and voltage rating of the appliance;

b) It is rated not less than f{i
with the Power Input Test, S

c) When operated per the
appliance is 80 percent or I4

When this Exception is used, thg
dedicated branch circuit is to be us

he maximum current input of the appliance when tested in accordance
ection 47; and

Input Averaging Test in Section 48, the average current input toythe
ss of the attachment plug rating.

appliance shall be marked as described in 86.9 to indicate that a
Ed.

17.1.5 The power supply cord shall be terminated by an attachment plug that is of a grounding type.

Exception No. 1: Units rated more
to terminate in an attachment plug

Exception No. 2: The power §
accordance with Section 125 shall

17.1.5.1 Attachment-plugs and a
for Attachment Plugs and Recepta

Exception: Attachment plugs and
investigated in accordance with the
UL 817, and need not comply with

17.1.6 Supplementary insulation
shall be prevented from fraying or i

than 150 volts and provided with a power supply cord are not required
lwhen the power supply cord is marked in\@ecordance with 90.4.

Lipply cord for portable appliancesmarked as double insulated in
be terminated by a non-grounding\type polarized attachment plug.

bpliance inlets (motor attachment lugs) shall comply with the Standard
tles, UL 498.

appliance couplers-integral to cord sets or power supply cords are
e requirements (ofithe Standard for Cord Sets and Power-Supply Cords,
UL 498.

employed on a flexible cord shall not extend under the strain relief and
aveling.

17.1.7 A detachable cord shall
appliance.

Exception: A suitable detachable c
are met:

not be employed for making the power-supply connection to an

ord is not prohibited from being provided when the following conditions

a) The cord type is one of the types specified in 17.1.1;

b) The cord set length complies with Table 17.1;

¢) The attachment plug for connection to the appliance is suitable for the appliance rating; and

d) The appliance is marked

as specified in 89.14; and

e) The appliance is provided with instructions in accordance with 91.7.
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17.1.8 The cord of a hand-held appliance (e.g. ice cream scoop) that is subjected to movement during
normal operation or any user servicing shall be tested in accordance with Section 59, Cord Endurance
Test — Hand-Held Appliances.

17.2 Strain relief
17.2.1 Strain relief shall be provided so that mechanical stress on a flexible cord will not be transmitted to
terminals, splices, or interior wiring. To determine compliance, the supply cord is to be tested in

accordance with Section 60, Strain Relief Test.

17.2.1.1 Insulating bushings serving as strain relief shall comply with the Standard for Insulating
Bushings, UL 635. Tests specified in this Standard (e.g. Strain Relief Test) may still need to be performed

to confirm that the combination of fhe insulating bushing and the supporting part are suitable.
17.2.2 A knot shall not be employed to provide strain relief.

Exception: A knot in the cord is ¢apable of being used for strain relief at the outlet box end of acord-
suspended appliance, such as a fgod warmer, when:

a) A Type SO, SOW, SOD, SOOW, STO, STOW, STOO, STOOW, SEO, SEOW/_SJO, SJOW,
SJOO, SJOOW, SJTO, $JTOW, SJTOO, SITOOW, SJEO, SJUEOW, HSO,<HSOW, HSOO,
HSOOW, HSJO, HSJOW, HSJOO, or HSJOOW cord is used;

b) The appliance weighs 1@ pounds (4.5 kg) or less; and

¢) A cross-bar with smooth|edges for the cord to bear against is provided

17.2.3 Means shall be provided fo prevent the supply cord or lead frofm being pushed into the enclosure
of an appliance through the cord-gntry hole when such displacement results in:

a) Subjecting the supply cofrd or lead to mechanical damage;
b) Exposing the supply cord or lead to a temperature higher than that for which it is rated;

¢) Reducing spacings (such as to a metal stfain-relief clamp that is not insulated as specified in the
Exception to 17.3.1) below|the minimum reguired values; or

d) Damaging internal conng¢ctions oricomponents.

To determine compliance, the supply.cord or lead shall be tested in accordance with the Push-Back Relief
Test of Section 61.

17.3 Bushings

17.3.1 At the point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,
there shall be a bushing or the equivalent that shall be substantial, secured in place as intended, and shall
have a smooth, rounded surface against which the cord may bear. The heat-resistant properties of a
nonmetallic bushing material shall comply with the requirements of the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C. If the bushing is necessary to meet enclosure
requirements of Section 8, Electrical and Fire Enclosures, it shall additionally meet the enclosure
requirements of UL 746C. A bushing used with Type HPN cord shall be of insulating material.

Exception: An insulated metal grommet is not prohibited from use with HPN cord, when the insulating
material used is not less than 1/32 inch (0.8 mm) thick and completely fills the space between the grommet
and the metal in which it is mounted.
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17.3.1.1 In addition to the requirements in 17.3.1, insulating bushings shall comply with the Standard for
Insulating Bushings, UL 635.

17.3.2 A smooth, rounded cord hole in wood, porcelain, phenolic composition, or other similar
nonconductive material is determined to be the equivalent of a bushing.

17.3.3 Ceramic materials and some molded compositions are generally capable of being used for
insulating bushings. Separate bushings of wood, hot-molded shellac-and-tar compositions, or rubber
materials are prohibited.

17.3.4 Vulcanized fiber may be employed when the bushing is not less than 3/64 inch (1.2 mm) thick and
is formed and secured in place so that it is not be adversely affected by conditions of ordinary moisture

and temperature.

17.3.5 A separate soft-rubber, nepprene, or polyvinyl chloride bushing is capable of being employed:

a) Anywhere in an appliarjce when it is used in conjunction with a type of cord for which”an
insulating bushing is not refiuired and the edges of a hole in which such a bushing is used.is free
from burrs, fins, and other cpnditions that can damage the bushing; or

b) In the frame of a motor of in the enclosure of a capacitor attached to a motor whén:
1) The bushing is not less than 3/64 inch (1.2 mm) thick; and

2) The bushing is Igcated so that it will not be exposed to oil, grease, oil vapor, or other
substances that can|have a deleterious effect on the compound-employed.

17.4 Grounding
17.4.1  The power-supply cord of fin appliance shall include a grotniding conductor.

Exception: The power supply-cord |of an appliance marked @s double insulated in accordance with Section
126 shall not be provided with a grounding conductor.

17.4.2 The grounding conductor ¢f a flexible cord shall be:
a) Green with or without ong or more yeliow stripes;

b) Connected to the ground|ng blade of an attachment plug of the grounding type; and

c) Connected to the enclosure-of the appliance by means of a screw or threaded stud and nut that

is not removed during any servicing not involving the supply cord. Rivets, solder, and other non-
replaceable connection means are not acceptable for making this connection. If the grounding
conductor is attached to the same screw or stud as a bonding conductor(s), the grounding
conductor shall be the first conductor attached and have its own attachment nut. See Figure 17.1.

Exception No. 1: When an EMI filter complying with the Standard for Electromagnetic Interference
Filters, UL 1283, is employed in an appliance, the equipment grounding connection is allowed to be
made directly to the filter. The equipment grounding connection and the connection between the
filter and the chassis shall be made in accordance with the manufacturer's instructions for the EMI
filter.

Exception No. 2: The grounding conductor is allowed to be connected directly to a terminal block
when the following conditions are met:
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a) The supply side of the terminal block is used only for connecting the power supply cord;
and

b) A bonding conductor sized in accordance with 18.8 is provided between the power
supply cord grounding conductor terminal block and the enclosure. The bonding conductor
shall be connected to the enclosure of the appliance by means of a screw that is not
removed during servicing. No other grounding or bonding connections shall be made to the
terminal block.

Figure 17.1

Securement of equipment grounding and bonding conductors to a single bolt or threaded stud

Supply
ground lead \

S4236

Individual
grounding

Separate put jumper leads

and lock Wwasher

Separate nut and

/ lock washer

—— Applignce Frame

17.5 Multiple power supply cords

17.5.1 Cord connected equipmept shall not be provided with-more than one power supply cord unless all

of the following conditions are met

a) Not more than two cordq are provided;

b) Each flexible cord is of the type, size,~and rating required for the type of product and the load

supplied;

c) Each attachment plug cdp is sized based on 17.1.3 or 17.1.4;

d) The total current input er-Section ﬂ, Powet Illput Testor-Section ﬁ, Illput Avclayilly Test;
(including current through all cords) is not more than 80 percent of the branch circuit supply for the
single branch circuit to which it is connected (based on the plug configuration);

Exception No. 1: The current is not required to be less than 80 percent of the single branch circuit
when the plugs are supplied by separate branch circuits, evidenced by any of the following:

a) The attachment plugs are not the same configuration or rating and the instructions
contain the information in 91.6 (a) and (b);

b) The rating of either or both plugs is greater than 20 Amps; or

¢) The product is marked in accordance with 86.18 or 86.20, and the instructions contain
the information in 91.6 (a) and (c).
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Exception No. 2: The current is not required to be less than 80 percent of the branch circuit rating
when:

a) Both attachment plugs are rated 15 Amps or less; and
b) The total current input is equal to or less than the attachment plug rating.

e) With reference to Exception No. 1(a) of item (d), where detachable power supply cords are used,
both the attachment plugs and the means of connecting the cord to the appliance shall have
different configurations.

f) The product is provided with a single accessible control or switch with a marked "off" position that
disconnects all ungrounded conductors of the product;

Exception: The appliance s not required to have a single disconnect when multiple disconnect
means are provided in accdrdance with any of the following:

a) There is a contro| or switch for each of the two power supply cords, and the contrals, or
switches are groupefd and identified;

b) Both power supply cords are of the detachable type, the only supplied ‘foads are
receptacles, and the| cord attachment points are grouped and identified;

¢) The product is provided with a mechanical or electrical interlock system’that results in all
ungrounded condudtors of the supply being disconnected in the event that either cord is
disconnected; or

d) A marking is provided and located adjacent to each switch inxaccordance with 86.22.
g) The appliance is rated infaccordance with 83.9;
h) The product contains the|markings in 86.17; and

i) The appliance is provided|with instructions as indicated’in 91.6.

17.5.2 For the purpose of this [requirement, banked:or stacked appliances that are provided with
separate controls and are not elegtrically interconnected except for signal circuitry (see 2.27) are judged
as separate appliances. However, the marking in 86:21 shall be provided.

18 Bonding for Grounding

18.1 All exposed dead metal pafts“and all dead metal parts inside the enclosure that are exposed to

contact during any servicing operatief-reluding-mainterance-andrepair—and-thatcan-become-energized
shall be electrically connected to the equipment-grounding terminal; and to the metal enclosure
surrounding a knockout, hole, or bushing provided for field connection of the power supply system; or to
the grounding conductor of a supply cord. The suitability of this connection shall be determined by the
grounding test specified in 54.1.

Exception No. 1: Bonding of exposed dead metal parts is not required on an appliance marked as double-
insulated in accordance with Section 126.

Exception No. 2: A dead-metal part within the enclosure where it is not exposed during user servicing
need not be grounded, provided the appliance is marked in accordance with 88.15.

18.2 With reference to the requirements in 18.1, the following dead metal parts are not considered to be
parts that can become energized:
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a) A small metal part, such

1) On the exterior
grounded metal; or

as an adhesive-attached foil marking, screw, or handle, that is:

of the enclosure and separated from all electrical components by

2) Positively separated from all electrical components.

b) A panel or a cover that is insulated from all electrical components by a barrier of vulcanized fiber,

varnished cloth, phenolic ¢
1/32 inch (0.8 mm) thick an

omposition, or other moisture-resistant insulating material not less than
d secured in place.

c) A panel or a cover that does not enclose uninsulated live parts and is positively separated from
other electrical components.

18.3 The dead metal parts desc
or by an individual bonding condug

18.4 Bonding shall be by a posi
brazing, or welding. The bonding @

18.5 Bonding around a resilient
material.

Exception: The clamping action
construction has been shown b
investigation includes such tests a

18.6 A bonding conductor sha
conductor and protected from co
conductor or strap shall be installe|

18.7 Bonding conductors or stra
prohibited from being applied in th

18.8 The size of an individual d
frame is to be determined based
device for the equipment — see 2

ribed in 18.1 shall be reliably bonded together by mechanical fasteners
tor or strap.

ive means, such as clamping, riveting, bolted or screwed connections,
onnection shall penetrate nonconductive coatings such as paint.

mounting shall not depend on the clamping action of rubber or similar

of rubber or similar material meets the intent\of bonding when the
y investigation to be capable of being usedfor this purpose. This
5 overload, short-circuit, and aging.

| be of material complying with the requirements for an electrical
rrosion unless inherently resistant™to corrosion. An individual bonding
d so that it is protected from me¢€hanical damage.

bs used to provide grounding continuity between stacked ovens are not
b field when a marking is provided in accordance with 88.7.

onductor or strap-employed to bond an electrical enclosure or motor
upon the rating of the anticipated branch-circuit overcurrent protective
8.1.3 and’28.1.4 — in accordance with Table 250-122 of the National

Electrical Code, NFPA 70.

Exception No. 1: A bonding cond

ctorto a motor or other electrical component is not required to be larger

than the conductors supplying the

TTTOtoT OT OtHeTr TOmpOoTTeTTt.

Exception No. 2: A bonding conductor is not prohibited from being smaller than that specified in Table
250-95 if the bonding connection does not open when tested as described in 54.2.1.

Exception No. 3: An equipment grounding conductor is not required to be larger than the circuit

conductors supplying the equipme

18.9 When more than one size
conductor shall be based on the
fault protection for the component

nt.

branch-circuit overcurrent device is involved, the size of the bonding
rating of the overcurrent-protective device intended to provide ground-
bonded by the conductor. For example, the size of a bonding conductor

for a motor that is individually protected by a branch-circuit overcurrent device smaller than the overcurrent

devices protecting the overall equi

pment, may be selected on the basis of the overcurrent device intended

for ground-fault protection of the motor.
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18.10 Exposed dead metal parts that are capable of becoming energized and are not secured to the
remainder of the appliance, such as a griddle plate, shall be electrically connected to the appliance frame.
A separate, stranded, grounding wire, not smaller than 14 AWG (2.1 mm?), shall be used unless the part
weighs 50 pounds (22.7 kg) or more. For a part weighing 50 pounds or more, the grounding wire described
above shall be provided or the part shall be supported by sharp edges or by one or more sharp-pointed
leveling screws. If sharp edges or leveling screws are intended to be used for grounding, the supporting
surface shall not be painted, enameled, or otherwise treated to result in a high-resistance connection
between the frame and the exposed dead metal part.

18.11 Upon insertion of a removable heating element or other removable part, the grounding connection
shall be made before any other electrical connection, and, upon removal, the grounding connection shall
be broken after the electrical connection.

Exception: This requirement does
between the handle and cup, if {
grounded metal stand will be provi
the terminal pins of the cup.

19 Polarity

19.1 When an appliance is co
conductor, the screw shells of lamp

hot apply to a soup warming cup with an insulating handle and a shield
he cup is constructed so that contact between the metal cup and a
led when the cup is inserted into the receptacle in a direction parallel\to

nected to a circuit that incorporates a grounded-supply (neutral)
holders shall be connected:

a) For a permanently conngcted appliance, to the conductor or terminal intended to be grounded;

or

b) For a cord-connected ap

See Section 16, Electrical Supply
Lampholders.

19.2 When there is no grounded
connected in series, the lampho
lampholders shall be connected to

19.3 A fuseholder, a single-pole
control with a marked off position s

19.4 The screw shell of a plug fu

pliance, to the conductor of the supply cerd intended to be grounded.

Connections for Permanently Cennected Appliances, and Section 33,

supply conductor, as mentioned in 19.1 and when two lampholders are
der screw shells shall-be common and the center contacts of the
vard the supply.

switch, a single-pole overcurrent-protective device or an automatic
hall be cofinected to an ungrounded conductor of the supply circuit.

seholder and the accessible contact of an extractor fuseholder shall be

connected toward the load.

19.5 A single-pole overcurrent protective device shall not be connected to the identified grounded

(neutral) conductor.
20 Current-Carrying Parts

20.1

The metal employed for a current-carrying part shall be acceptable for the particular application.

20.2 Plated iron or steel shall not be used for a current-carrying part unless the temperature of that part
is higher than 100°C (212°F) during normal operation.

20.3 Unplated iron or steel shall not be used for a current-carrying part.
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Exception: Unplated iron or steel
heating element.

is not prohibited from use as a terminal rod or a terminal plate of a

20.4 Stainless steel and other corrosion-resistant alloys are not prohibited from being used for current-

carrying parts regardless of tempe
21 Attachment-Plug Receptacl

211

rature.

es

An appliance is not prohibited from being provided with an attachment-plug receptacle intended for

general use. Unless suitable for the fully rated load, a marking shall be provided adjacent to the receptacle
specifying the maximum normal load in accordance with 86.15.

21.2 An attachment-plug recept
marked for connection of a part of

21.3 A permanently connected g

hcle is to be treated as a general-use outlet unless it is intended and
the appliance or a specific accessory or accessories. See 86.16.

ppliance is not prohibited from being provided with an attachment=plug

receptacle rated more than 20 amperes and intended for general use. Unless provided with a dedicated

supply source, over-current proted
of the National Electrical Code, NR

21.4 An attachment-plug recep
grounding contact of the receptacl
conductor to the appliance. See S

21.5 A 125-volt, single-phase, 1

tion shall be provided as part of the appliance as required by Article 210
PA 70.

acle intended for general use shall be of the grounding type. The
e shall be bonded to the point of connection of the ‘equipment-grounding
pction 54, Grounding and Bonding Test.

b- or 20-ampere receptacle intended for general use shall have ground-

fault circuit-interrupter protection for personnel.

21.6 The face of a receptacle shall:

a) Be flush with or project i

b) Project at least 0.015 ing

21.7 Attachment-plug
Receptacles, UL 498.

receptac

22 Internal Wiring

221 General

eyond a nonconductive surroeunding surface; or

h (0.38 mm) beyond a conductive surrounding surface.

es shall comply )with the Standard for Attachment Plugs and

2211

Wire employed for the internal wiring of an appliance shall be acceptable for the application.

22.1.2 Among the factors considered when judging the internal wiring are the temperature and voltage to
which it is subjected during normal operation.

22.1.3 Except as noted in 28.5,
mm).

an appliance shall not employ conductors smaller than 18 AWG (0.82

Exception No. 1: Short integral leads of small electrical components such as relay coils, clock motors, and
indicator lights shall not be smaller than 22 AWG.

Exception No. 2: The size of conductors is not specified for secondary circuits not involving a risk of fire or

electric shock, see 8.1.2—8.1.5.
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22.1.4 Wiring that is green or green with one or more yellow stripes shall be used only for grounding or
bonding conductors, and wiring used for other purposes shall not be so identified.

22.2 Insulation

22.2.1 There is no temperature limit applicable to glass fiber, beads of inorganic material, or the
equivalent, employed as conductor insulation but asbestos insulation shall not be used where exposed to
moisture produced by the appliance.

22.2.2 Internal wiring shall comply with the Standard for Thermoplastic-Insulated Wires and Cables, UL
83; the Standard for Thermoset-Insulated Wires and Cables, UL 44; or the Standard for Appliance Wiring

Material, UL 758.

22.2.3 Wiring with insulation cont
22.3 Protection

22.3.1 No wiring shall be locateq
handle, or adjust a manually reset

22.3.2 Wiring shall be protected
parts, that may abrade the insulati
wrapped over a sharp edge does n

22.3.3 An appliance shall be des
wired, without damaging the coveri

22.3.4 A wireway shall be free fr
inside a raceway or wireway where

22.3.5 A hole through which insu
appliance, shall be provided with 3
the wires may bear to prevent abra

22.3.6 Wiring shall not be subjed
reduction of spacings below those

hining asbestos shall not be used.

where it must be moved to replace a fuse, operate a circuit*breaker
ontrol.

from sharp edges, including screw threads, burrs; fins, and moving
pn on conductors or otherwise damage the wiring*{Thermoplastic tape
bt meet the intent of providing protection againsta'sharp edge.

igned so that wires can be pulled through, ‘or the appliance otherwise
ngs or insulation on the conductors.

bm burrs and fins. Male screw threads shall not be exposed anywhere
wire is pulled.

ated wires pass in a sheet*metal wall within the overall enclosure of the
smooth, rounded bushing, or shall have smooth surfaces upon which
sion of the insulation(see 17.3).

t to handling'during user servicing when such handling could result in
equired for-separation of circuits (see Section 40).

22.4 Wiring in circuits involvingr arisk of fire or electric shock

22.4.1 The requirements in 22.4

2 — 22.4.11 apply only to wiring in circuits involving a risk of electric

shock (see 8.1.2 — 8.1.5).

22.4.2 The wiring and electrical connections between parts of an appliance shall be protected or
enclosed, except that a length of flexible cord of a type specified in 17.1.1 may be employed for external
connections between parts when flexibility is essential. See 22.4.8. Wiring and connections in circuits
involving a risk of fire or electric shock (see 8.1.2 — 8.1.5) shall not be subject to handling during user
servicing.

22.4.3 With reference to exposure of internal wiring, the protection of wiring required by 22.4.2 is
determined to exist, if, when judged as if it were enameled wire, the wiring would be acceptable according
t0 10.1.3-10.1.6.
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22.4.4 Internal wiring not protected as specified in 22.4.3, shall be secured within the enclosure so that
neither it nor related electrical connections can be subjected to stress or mechanical damage. All wiring
that is accessible to the operator is to be clamped or otherwise secured to prevent it from being
unintentionally hooked.

2245 No open wiring — that is wiring that is not separately and immediately enclosed in conduit,
armored cable, metal raceway, or a similar location — shall be located where it is contacted during user
servicing or cleaning.

Exception: This requirement does not apply to wiring to a surface element that is contacted by the user or
operator during user servicing when the wiring is secured to the panel in which the element is mounted.

22.4.6 Internal wiring to a surfac¢ element is considered to be protected when it is routed and secured so

that the wiring will return to its intg
operation involving the surface ele

22.4.7 Wiring subjected to mo
accordance with Section 58, Wirin

22.4.8 The insulation of internal
a deep-fat fryer or griddle, shall be

22.4.9 Internal wiring shall be lo
an appliance.

22.4.10 A conductor utilizing beg

22.4.11 A flexible cord used for

nded position following any movement associated with a user servicing
ments. See 2.32.

vement during operation or any user servicing shall be tested in
j Endurance Test.

iring that is subjected to accumulations of oil or grease, such as that of
a type that will not be adversely affected under such.conditions.

cated so that it will not be exposed to the vapors.from a vented oven of

ds for insulation shall not be employed outside an enclosure.

external interconnection as mentioned in 22.4.2 shall be provided with

bushings and strain relief in accofdance with 17.2 and 17.3 unlgssthe construction is such that the cord

will be protected from stress or mo
22.5 Splices and connections

22.5.1 A splice and a connectio
soldered connection shall be mec
the connection results in a risk of fi

Exception: Printed wiring board jo

tion.

n shall be mechanically secure and shall provide electrical contact. A
hanically secured before being soldered when breaking or loosening of
re or electric'shock.

nts.need not be mechanically secure before soldering.

22.5.2 A soldered lead is mechanically secure when it is:

a) Wrapped at least halfway (180 degrees) around a terminal;

b) Provided with at least on

e right angle bend when passed through an eyelet or opening; or

c¢) Twisted with other conductors.

22.5.3 Flexing or movement of i

nternal wiring that occurs during the cooking or cleaning function shall

not cause stress on any electrical connection.

22.5.4 A splice shall be provided

with insulation equivalent to that on the wires involved.

Exception: This requirement does not apply when permanence of spacing between the splice and other
metal parts of the appliance will be maintained.
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22.5.5 In determining whether splice insulation consisting of coated-fabric, thermoplastic, or other tubing
is capable of being used, consideration is to be given to such factors as its dielectric properties, heat-
resistance and moisture-resistance.

22.5.6 Stranded internal wiring shall be connected to a wire-binding screw or stud-terminal so that no

loose strands result.

22.5.7 Compliance with the requirement in 22.5.6 can be accomplished by:

a) Use of pressure terminal

connectors, soldering lugs, or crimped eyelets;

b) Soldering all strands of the wire together; or

c) Equivalent means.

22.5.8 Aluminum conductors, i

hsulated or uninsulated, used as internal wiring, such as for

interconnection between current-carrying parts or as motor windings, shall be terminated at each endby*a

method that is acceptable for the ¢

22.5.9 With reference to 22.5.8,
connector used as a termination d
involved — for example, temperatur|

bmbination of metals involved at the connection point.

h wire-binding screw or a pressure terminal connector, or-other type of
pvice shall be investigated for use with aluminum undér the conditions
b, heat cycling, and vibration.

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

22.5.11 Splicing wire connectors

22.5.12 Single and multi-pole co
and between electrical equipment
conductors, or for factory asser
Component Connectors for Use in

22.5.13 Female devices (such ag
that may be used, to interrupt curr:
the specific type of load, when eV
coupler that can be used to interry
when tested with its mating plug.

23 Heating Elements

shall comply with the Standard for Splicing Wire Connectors, UL 486C.

hnectors for use in data, signal, control and power applications within
and that are intended for factory, assembly to copper or copper alloy
hbly to printed-wiring boards, “shall comply with the Standard for
Data, Signal, Control and Power Applications, UL 1977. See 22.5.13.

receptacles, appliarice ‘couplers, and connectors) that are intended, or
ent in the end preduet, shall be suitably rated for current interruption of
aluated with it§ mating plug or connector. For example, an appliance
pt the currentof a motor load shall have a suitable horsepower rating

23.1

A heating element shall comply with the Standard for Sheathed Heating Elements, UL 1030, or the

Standard for Electric Heating Appliances, UL 499.

Exception No. 1: This requirement

does not apply to insulated wiring material used as a heater when:

a) The wiring material complies with the Standard for Appliance Wiring Material, UL 758; and

b) The temperature of the wire insulation does not exceed its rating during the tests specified in 50,

56, 57, and 73.5.

Exception No. 2: This requirement does not apply to tungsten heat lamps, Halogen lamps, quartz heater,

and the like.

Exception No. 3: This requirement

does not apply to semiconductor-type heating elements. See Part .
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23.2 A heating element shall be supported in the intended manner.

23.3 A movable heating element shall be protected against damage caused by contact with other parts
of the appliance when the element is moved.

23.4 An appliance in which the heating element is designed for operation only in an air blast shall be
electrically connected or controlled so that the element operates only when the source of the air blast is
energized.

Exception: This requirement does not apply to an appliance which complies with the Normal Temperature
Test, Section 50, without the air blast energized.

23.5 An appliance in which the h
part in motion shall be electrically
in motion is energized.

Exception: This requirement doeg
Test, Section 50, without the part i

23.6 The sheath employed to e
resistant to corrosion by the liquid

eating element is designed for operation only with the cooling effect of a
connected or controlled so that the element operates only when the part

not apply to an appliance that complies with the Normal Temperature
1 motion energized.

hclose a heating element of an immersion heater shall ‘be of a metal
n which the heater is intended to be immersed.

23.7 The voltage rating of a heating element shall not be less than the voltage rating of the circuit in

which the heating element is conn

Exception No. 1: A heating ele
specified in 83.3 is suitable for the

Exception No. 2: The voltage rati
applied voltage.

24 Electrical Insulation

241  An insulating washer, bush

pcted.

ment having a voltage rating within an applicable range of voltages
application when the voltage rating ofthe appliance is within that range.

hg of an element that is connected in series is to be compared with the

ng, lining, barrier, or other similar integral parts of an appliance, and a

base or a support for the mounting of live parts, shall be of a moisture-resistant material that is not

adversely affected by the tempera

24.2 Some materials that are no

ures to whieh it is subjected under conditions of actual use.

acceptable for general use, such as magnesium oxide, are acceptable

when used in conjunction with othg¢rinsulating materials or when located and protected so that mechanical

damage is prevented and the absorption of moisture is minimized.

24.3 Screws or other fasteners used to mount or support small, fragile, insulating parts, shall not be so
tight as to crack or break such parts with expansion and contraction. Such parts are to be slightly loose.

244 A material that is used for the direct support of an uninsulated live part shall comply with the
Relative Thermal Index (RTI), Hot Wire Ignition (HWI), High-Current-Arc Resistance to Ignition (HAI), and
Comparative Tracking Index (CTI) values indicated in Table 24.1. A material is determined to be in direct
support of an uninsulated live part when:

a) Itis in direct physical contact with the uninsulated live part; and

b) It serves to physically support or maintain the relative position of the uninsulated live part.


https://ulnorm.com/api/?name=UL 197 2023.pdf

62 UL 197 APRIL 7, 2023

Exception No. 1: A generic material provided in the thickness indicated in Table 24.2 is capable of being
used for the direct support of uninsulated live parts without additional evaluation.

Exception No. 2: A material without a HWI Performance Level Category (PLC) value, or with an HWI PLC
value greater (worse) than the value required by Table 24.1, is not prohibited from being subjected to the
end-product abnormal overload test specified in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C, as an alternative testing procedure.

Exception No. 3: A material without a HAI PLC value, or with an HAl PLC value greater (worse) than the
value required by Table 24.1, is not prohibited from being subjected to the end-product special arcing test
specified in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, as
an alternative testing procedure.

Exception No. 4: A material that is used in a device not incorporating contacts is not required to comply
with the HAI PLC requirements.

Exception No. 5: A material that i used in a device that incorporates contacts, and is not used within=1/2
inch (12.7 mm) of the contacts, is ot required to comply with the HAI PLC requirements.

Exception No. 6: A material withdut a CTIl PLC value is not prohibited from being subjectéd to the end-
product Special Arcing Test spegified in the Standard for Polymeric Materials —~tse in Electrical
Equipment Evaluations, UL 746C, as an alternative testing procedure.

Exception No. 7: A material withdut a CTl PLC value, or with a CTl PLC value ‘greater (worse) than the
value required by Table 24.1, is determined to be in compliance with the CTI RLE requirements when:

a) It has a High-Voltage-Arq Tracking (HVTR) PLC value of 1 or.less; or

b) The over surface spacings between the uninsulated live parts are at least 1/2-inch (12.7 mm).

Minimum material characteristics requil:I;:adbml‘?)rztAHl direct support of uninsulated live parts
Performance Level Category (PLC)
UL 94 Flame Class RTI Ele HwWI° HWI® CTI°
HB a 2 2 4
V-2 a 2 2 4
V-1 a 3 2 4
V-0 a 4 3 4

@ The electrical Relative Thermal Index (RTI) value of a material is to be determined in accordance with the Standard for Polymeric
Materials — Long Term Property Evaluations, UL 746B, by test or by use of the generic RTI table. This material characteristic is
dependent upon the minimum thickness at which the material is being used and shall not be exceeded during the Normal
Temperature Test, Section 50.

® The High Current Arc Resistance to Ignition (HAI) and Hot Wire Ignition (HWI) value of a material is to be determined by testing
in accordance with the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A. This material characteristic
is dependent upon the minimum thickness at which the material is being used.

¢ The Comparative Tracking Index (CTI) PLC value of a material is to be determined by testing in accordance with UL 746A. This
material characteristic is not dependent upon the minimum thickness at which the material is being used.
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Table 24.2

Generic materials required for direct support of uninsulated live parts?®

Thickness

Generic material Inch (mm) RTI, °C
Diallyl Phthalate 0.028 (0.71) 105
Epoxy 0.028 (0.71) 105
Melamine 0.028 (0.71) 130
Melamine-Phenolic 0.028 (0.71) 130
Phenolic 0.028 (0.71) 150
Unfilled Nylon 0.028 (0.71) 105
Unfilled Polycarbonate 0.028 (0.71) 105
Urea Formaldehyde 0.028 (0.71) 100
Any cold-molded composition (i.e., No limit No limit
concrete)
Ceramic, Porcelain, and Slate No limit No limit
Beryllium Oxide No limit No limit
@ Each material shall be used within its mipimum thickness, and its Relative Thermal Index (RTI) value shall not be. exceeded
during the Normal Temperature Test, Secjion 50.

24.5 A printed-wiring board shall comply with the requirements in the Standard for Printed-Wiring

Boards, UL 796. A printed-wiring b

Exception: For a printed-wiring bo
or 34.2.5(a), the printed-wiring bog

24.6 Film-coated wire (magnet

24.6.1 Film-coated wire in intim

oard shall be rated V-1 or better.

hrd with an isolated secondary circuit as'specified in 34.2.2(a), 34.2.3(a),
rd shall be rated V-2 or better.

wire)

ate combination with ofieyor more insulators, and incorporated in an

insulation system rated Class 120 (E) or higher, shall.comply with the magnet wire requirements in the

Standard for Systems of Insulating
25 Thermal Insulation

25.1 Thermal insulation shall ha
the Standard for Tests for Flammg
shall be tested in accordance with

Materials — General;*UL 1446.

ve a flammability rating of HBF, V-2, V-1, V-0 or 5V in accordance with
bility of Plastic Materials for Parts in Devices and Appliances, UL 94, or
the Standard for Tests for Surface Burning Characteristics for Building

Materials, UL 723. Fiberglass insu

ation Is considered to comply with this requirement.

Exception: Thermal insulation which is enclosed in a metal or 5V rated material and is not exposed to
electrical parts is not required to possess a flame rating. For the purpose of this requirement, the following
components are not to be considered electrical parts:

a) VW-1 wiring;

b) A part enclosed in metal

or 5V material; and

¢) A component provided with an integral enclosure complying with the enclosure requirements for

that component.

25.2 Mineral-wool thermal insulation that contains conductive impurities in the form of slag shall not

contact uninsulated live parts.
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25.3 A material of asbestos composition shall not be used.

Exception: The use of asbestos cement is not prohibited when it is used in accordance with, and meets the
requirements of Commercial Cooking, Rethermalization, and Powered Hot Food Holding and Transport

Equipment, ANSI/NSF 4.
26 Motors and Transformers
26.1

26.1.1
8.1.5.

These requirements apply

Motors in circuits involving a risk of fire or electric shock

to motors in circuits involving a risk of fire or electric shock. See 8.1.2 —

26.1.2 A motor shall comply with
UL 1004-1.

26.1.3 A motor shall be capablg
handling its maximum normal load

26.2 Motor protection

26.2.1 A continuous-duty motor
fractional-horsepower motor in an
or unattended, a motor — the opers
continuous-duty integral-horsepow
specified in 26.2.1.1 — 26.2.1.4.

Exception: A motor that is used fo
when it is protected against locked

26.2.1.1 Thermal protection devig
a) The Standard for Overhe
b) The Standard for Therms

¢) The Standard for Autom
Requirements, UL 60730-1
Similar Use; Part 2: Parti

the Standard for Rotating Electrical Machines — General Requirements,

of being used for its intended application and shall be capable of
without creating a risk of fire, electric shock, or injury to persons:

in a permanently connected appliance, an automatically controlled
appliance, the motor of an appliance intended.t0-'be operated remotely
tion of which or inability to operate is not evident to the operator, and a
er motor shall be provided with one of sthe overload protection types

- a direct-drive blower or fan is_determined to have overload protection
rotor conditions only.

es integral with the motor shall comply with one of the following:
ating Protection forMotors, UL 2111;
lly ProtectedMotors, UL 1004-3; or

htic Electrical Controls for Household and Similar Use; Part 1: General
and.the-Standard for Automatic Electrical Controls for Household and
ular,_Requirements for Thermal Motor Protectors, UL 60730-2-2; in

conjunction with the Standg

rd-for Thermally Protected Motors., UL 1004-3, (to evaluate the motor-

protector combination).

26.21.2

Impedance protection shall comply with one of the following:

a) The Standard for Overheating Protection for Motors, UL 2111; or

b) The Standard for Impeda

nce Protected Motors, UL 1004-2.

26.2.1.3 Electronic protection integral to the motor shall comply with the Standard for Electronically

Protected Motors, UL 1004-7.

26.2.1.4 Except as indicated in 2
the following:

6.2.1.3, electronically protected motor circuits shall comply with one of
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a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991.

When the protective electr

onic circuit is relying upon software as a protective component, it shall

comply with the requirements in the Standard for Software in Programmable Components, UL

1998. If software is relied u

pon to perform a safety function, it shall be considered software Class 1;

b) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1. If
software is relied upon to perform a safety function, it shall be considered software Class B; or

c) The Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety

Requirements — Electrical,

Thermal and Energy, UL 61800-5-1.

Exception: Compliance with the above standards are not required for an electronically protected motor

circuit if there is no risk of fire, el

electronic circuit rendered ineffea
Standard is then required.

26.2.2 Fuses are not prohibited
compliance with the requirements
in the fuseholder or when a nonin
not required to be suitable for bran

26.3 Transformers

26.3.1 Except as noted in 26.3.4
comply with the requirements i
Requirements, UL 5085-1, the
Transformers, UL 5085-2, or the
Transformers, UL 5085-3.

Exception No. 1: A transformer
temperature control) need not corn
requirements for that component.

Exception No. 2: A transformer
comply with this requirement provi
for Transformers and Motor Trans
1411.

26.3.2 Neon sign transformers

otric shaoclk or initns to narsons-durina abnormal tastina with tha motor
GHH-SHO6I— O HHHH/O-POFSOAS-EGHHHAGaPRROHHHOSHRG WAoo/

tive; compliance with the applicable requirements of this end product

from being used to provide the necessary overload protection When
will be provided by the largest ampere-rated fuse that can be mounted
terchangeable fuse is used. The fuse used to provide this pratection is
ch-circuit protection.

, a transformer in a circuit involving a risk of fice*or electric shock shall
h the Standard for Low Voltage Transformers — Part 1: General
Btandard for Low Voltage Transformers< Part 2: General Purpose
Standard for Low Voltage Transformers\— Part 3: Class 2 and Class 3

located within another component (for example, a power supply or
nply with this requirement.pfovided that the overall assembly meets the

ocated in a pollution degree 1 or 2 environment (see 39.4) need not
ded that the trafisformer complies with the requirements in the Standard
formers for_Use in Audio-, Radio-, and Television-Type Appliances, UL

shall~comply with the Standard for Neon Transformers and Power

Supplies, UL 2161.

27 Temperature Controls

271 A temperature-regulating

control shall comply with the requirements in the Standard for

Temperature-Indicating and -Regulating Equipment, UL 873. Compliance with the Standard for Automatic
Electrical Controls — Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard
from the UL 60730 series fulfills these requirements.

Exception: A temperature-regulating control located in a Class 2 circuit is only required to comply with the
endurance test requirements in the Standard for Temperature-Indicating and -Regulating Equipment, UL
873. Compliance with the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL
60730-1, and/or the applicable Part 2 standard from the UL 60730 series fulfills these requirements.



https://ulnorm.com/api/?name=UL 197 2023.pdf

UL 197 APRIL 7, 2023

66

27.2 A temperature-limiting control shall comply with the requirements for temperature-limiting controls
in the Standard for Temperature-Indicating and Regulating Equipment, UL 873, or the Standard for Limit
Controls, UL 353; or with the Standard for Thermal-Links — Requirements and Application Guide, UL
60691. Compliance with the Standard for Automatic Electrical Controls — Part 1: General Requirements,
UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series fulfils the UL 873
requirements.

27.3 As part of the evaluation to the Standard for Temperature-Indicating and Regulating Equipment, UL
873, or the Standard for Limit Controls, UL 353, a temperature control and a temperature control assembly
shall be rated for the number of cycles of endurance specified in Table 27.1 and at a rating no less than the
rated current of the heater and/or other load controlled during normal operation. Compliance with the
Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1, and/or the

applicable Part 2 standard from thée

Exception No. 1: A temperature-rg
of cycles specified in Table 27.1 sh
number of cycles of operation speg

Exception No. 2: A single-oper
accordance with UL 873, is not r
Compliance with the Standard fo
60730-1, and/or the applicable Par

27.4 The endurance test require
solid state relays, or similar compo

27.5 When a temperature contr
31.1.5), and the control is set to thg

a) Lowering of temperature
and

b) The heating element circ

UL 06U/ 35U series Tultlls the UL o/ requirements.

gulating control that has not previously been evaluated for the number:
all be subjected to the endurance test specified in 68.2 consisting ofthe
fied in Table 27.1.

ation device (SOD), evaluated as a temperature-limiting~control in
bquired to be rated for the number of cycles specified inyTable 27.1.
I Automatic Electrical Controls — Part 1: General Requirements, UL
2 standard from the UL 60730 series fulfills these requirements.

ment of 27.3 also applies to magnetic contactors, auxiliary equipment,
nents, when used in conjunction with the temperature controls.

bl in fixed or stationary equipment has a marked "off" position (see
"off" position:

or loss of capillary tube pressuré shall not cause the contacts to close;

it shall not produce heat.

27.6 The bulb and capillary tubing of a temperatyre=regulating or -limiting control of an appliance shall be

located or shielded so that it is prot

27.7 The reset button of a manuag

bcted from mechanical damage.

lly resettemperature control shall be protected from mechanical abuse.

Tabte 271

Number of cycles for temperature controllers

Type of temperature control c

Automatic reset

ontrol (cycles) Manual reset control Calibration needed?

Mechanical or solid state
temperature regulating control for
use in a non-oil or non-grease
frying appliance.

Mechanical or solid state
temperature regulating control for
use in an oil or grease frying
appliance.

30,000 To be made the subject of an No
investigation. No value is specified
because of unlikely occurrence.

100,000 To be made the subject of an No

investigation. No value is specified
because of unlikely occurrence.

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Type of temperature control

Automatic reset
control (cycles)

Manual reset control Calibration needed?

Mechanical or solid state
temperature limiting control,
except as noted below.

Manually reset temperature
limiting control for use in an oil or
grease frying appliance, where
the control operates during the
test specified in 104.1.

Manually reset temperature

100,000 1000 cycles under load and 5000 Yes
cycles without load.

N/A 30,000 Yes

N/A 30,000 Yes

limiting control where a
temperature limiting control test
switch is provided. See 101.6.

@ Calibration refers to the Operations Tesf]
Standard for Temperature-Indicating and
for Automatic Electrical Controls for Hous|
Part 2 standard from the UL 60730 series

in the Standard for Limit Controls, UL 353, or the Calibration Verification Test in the
Regulating Equipment, UL 873, as applicable. See 27.2. Compliance with the Standard
ehold and Similar Use, Part 1: General Requirements, UL 60730-1, and/or the applicable
fulfills these requirements.

27.8 A temperature control or a
disconnect the element or elemen
there will be no live parts exposed

27.9 When malfunction of a ten
described in 56.1.3 and 56.1.4) W

Lixiliary control device, such as provided in an automatic-toaster, shall
ts that it controls from all conductors of the power-supply circuit unless
to unintentional contact when the auxiliary control device is open.

perature-regulating control results in a risk of\fire or electric shock (as
hen tested in accordance with 56.3.1 —+56:3.3, a temperature-limiting

control shall be provided. The suitability of this control and its location is to be evaluated by the testin 56.3.

27.10 The operation of a thermg
56.1.3 and 56.1.4.

27.11 A thermal cutoff shall be re

2712 The temperature-limiting

| cutoff shall not involve a risk of fire or electric shock as described in

liably secured in place.

control circuit, see~2.29, shall be separate from the temperature-

regulating control circuit so that malfunction of any~eomponent in one circuit will not adversely affect the

operation of the other circuit.

27.13 The temperature sensors
such that disabling of one heating
the unit as intended, unless the di

for the temperature regulating and limiting controls shall not be located
element prevents both temperature controls from operating to protect
sablirig of that element reduces the available heat and reduces the risk

of fire under the conditions specifi
Elements.

L o= a0 A [ 4 - A L CPR TR W PN PRI A W | n
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28 Short-Circuit and Ground-Fault Protection

28.1 General

28.1.1

When overcurrent protective devices are required by 28.3, 28.4, or 28.5 such devices shall be

provided for all ungrounded conductors and have a voltage rating not less than the circuits in which they
are used. The devices shall be either:

a) Circuit breakers suitable for branch circuit protection and complying with the Standard for
Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures, UL 489; or
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b) Fuses suitable for branch circuit protection, such as Class CC, G, H, J, K, L, RK1, RK5, T, an
Edison-base, or a Type S plug fuse.

Exception No. 1: An overcurrent-protective device required by 28.3.2 — 28.3.4 or 28.3.6 is not required to
be suitable for branch-circuit protection when the device meets the requirements of Section 28.2.

Exception No. 2: Except as required in 28.4, an overcurrent-protective device required by 28.5 is not
required to be suitable for branch-circuit protection when the device meets the requirements of Section
28.2.

Exception No. 3: An overcurrent-protective device is not required in the appliance when it is determined
that equivalent or better protection is obtained from the branch-circuit overcurrent-protective device

through which the appliance will be

28.1.2 The devices required b
supplementary overcurrent protec
protective device through which th
located within a panelboard, the ap

28.1.3 The anticipated current
permanently-connected appliance
percent of the appliance current ra
ratings (see 28.1.6), the next high
rating.

Exception: When the appliance is
current rating in accordance with

protective device rating. See 28.1.4.

28.1.4 When an appliance is mar
the specified rating shall be at leas
the rating calculated in accordance

Exception: The marked rating is
appliance when the appliance is
marked rating shall be not less thd
following ampere values:

supplied, in accordance with a and 28.1.4.

y this Section (regardless of the type of device used) provide
tion, and are not intended to replace the branch-circuit overcurrent-
b appliance is supplied. When the devices required by this Section-are
pliance shall be marked in accordance with 89.16.

rating of the branch-circuit overcurrent protective device for a
is to be 150 percent of the current rating of the apptiance. When 150
ting does not equal one of the standard overcurrent=protective device
er rating for an overcurrent-protective device isito be the anticipated

marked with a maximum branch circuit overcurrent protective device
86.10, the marked rating is the anticipated branch-circuit overcurrent

ked with a maximum branch-Circuit overcurrent protective device rating,
t 125 percent of the currentrating of the appliance and not higher than
with 28.1.3.

not required to-be’ at least 125 percent of the current rating of the
subjected towthe’ Input Averaging Test, Section 48. In this case, the
n the next-higher standard rating (see 28.1.6) above the highest of the

a) Average input current (TS determined by the Input Averaging Test, Section 48) multiplied by

1.25;

b) Appliance current rating as marked on the the appliance, where applicable;

¢) Maximum measured current input as determined by the Input Test, Section 47.

28.1.5 The anticipated rating of the branch circuit overcurrent-protective device for a cord-connected
appliance is to be the same as the current rating of the attachment plug.

Exception: A cord-connected appliance with an attachment plug rated 125V, 15A is assumed to be
connected to a circuit protected at 20A.

28.1.6 Standard ampere ratings for overcurrent-protective devices are 15, 20, 25, 30, 35, 40, 45, 50, 60,
70, 80, 90, 100, 125, 150, 175, 200, 225, 250, 300, 350, and 400.
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28.1.7 When a circuit breaker handle is operated vertically, the "up" position shall be the "on" position.

28.1.8 A circuit breaker shall be connected to open all ungrounded conductors of the circuit. Multi-pole
circuit breakers shall be the common trip type.

Exception: Single-pole circuit breakers with handle ties, the combination of which complies with the
applicable requirements in the Standard for Molded-Case Circuit Breakers, Molded-Case Switches and
Circuit-Breaker Enclosures, UL 489, are not prohibited from being used as the protection for each
ungrounded conductor supplying line-to-line connected loads of a product rated for connection to a circuit
of a grounded system.

28.1.9 With respect to the requirements in 28.3, 28.4, and 28.5, components and wiring in secondary

circuits that do not involve a ris
overcurrent protection in the applig

28.2 Supplementary-type over
protection

28.2.1 When a supplementary-t
fault protection, in accordance wi
used shall comply with the require

k of fire or electric shock (see 8.1.2 — 8.1.5) do not require further
nce.

current protective devices used as short-circuit and ground-fault
pe overcurrent protective device is used as short-circuitiand ground-

h the Exception to 28.1.1, the device and the appliance-in which it is
ments in 28.2.2 — 28.2.5. See 8.5 and 10.4.

28.2.2 A supplementary overcurfent-protective device as specified in 28.2.1 shallbe one of the following:

a) A manual-reset, automg
for Supplementary Protect
The device shall have a m
77°F (25°C): 100 percent h

tic-trip-free protector complying with the.requirements in the Standard
brs for Use in Electrical Equipment, UL 1077, for use with motor loads.
inimum short-circuit capacity of 1000>A and the following calibration at
pld, 125 percent/135 percent trip, or

b) A replaceable, supplemental fuse complying with the fequirements in the Standard for Low

Voltage Fuses, Part 14: Su

28.2.3 When a supplementary-
marked in accordance with 89.11 4

28.2.4 A supplementary-type
Temperature Test, Section 50.

28.2.5 A supplementary-type ovi

bplemental Fuses, UL 24814’

ype fuse is used innaccordance with 28.2.2, the appliance shall be
nd 89.12.

pvercurrentsprotective device shall not open during the Normal

preurrent-protective device shall have a short-circuit rating suitable for

the circuit in which it is located.

See Table 28.1. When the appliance current rating falls between two

values in the table, the larger value is to be used in determining the required short-circuit rating. When
different operating conditions of the appliance result in different current ratings, the condition resulting in
the maximum total current is to be used as a basis for determining the required short-circuit rating.

Exception: When the maximum available current (including short-circuit current) at the overcurrent
protective device is known to be less than the short-circuit rating required by Table 28.1, the short-circuit
rating of the overcurrent-protective device need not be higher than the maximum available current.
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Table 28.1
Short-circuit ratings of supplementary-type overcurrent protective devices

Rating of appliance, Amperes
Single phase Short-circuit rating

115V 208V 230-240V 277V amperes
16 or less 8.8 orless 8.0 orless 6.65 or less 1000
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000

3 Phase Circuit capacity

208V 220 - 240V 420 -2480V 550 — 600 V amperes
3.7 or less 3.50r Iesls 1.8 orless 1.4 orless 1000
3.8-9.5 3.6-9. - - 2000
9.6-23.3 9.1-22p - - 3500
Over 23.3 Over 22.p Over 1.8 Over 1.4 5000

28.3 Protection for circuits inclpding specific components

28.3.1 Auxiliary-Circuit Terminals
29, Auxiliary-Circuit Terminals, shg

— An appliance provided with auxiliary-circuit terminals, see Section
Il incorporate an overcurrent-protective device in_ accordance with 28.4

in each ungrounded conductor to the terminals.

28.3.2 Motor Circuits — A motor ¢
than 20 amperes in accordance W
device incorporated in the applian
rating in accordance with the Natio

Exception No. 1: A motor protectd
rated 20 Amps or less is determine

Exception No. 2: A motor havin|
Overheating Protection for Motors
when, in the appliance, it is conne
same type and having a curren

ircuit in an appliance that is connected te'a“circuit protected at greater
ith 28.1.3 and 28.1.4 shall be protected by an overcurrent-protective
ce. The overcurrent-protective device’ shall have a maximum current
nal Electrical Code, ANSI/NFPA 70, Article 430.

d by an overcurrent-protective device that complies with 28.1.1 and is
f to comply.

g an inherent thermal protector that complies with the Standard for
UL 2111, does not require an additional overcurrent-protective device
cted in serieS:with a branch-circuit overcurrent-protective device of the
{ rating €qual to or less than that with which the motor-protector

combination was tested during the fnvestigation of the protector.

28.3.3 Transformer Circuits — A tr|ansformer circuit in an appliance that is connected to a circuit protected

at greater than 20 amperes in accordance with 28.1.3 and 28.7.4 shall be protected by an overcurrent-
protective device incorporated in the appliance. The overcurrent-protective device shall have a maximum
current rating in accordance with the National Electrical Code, ANSI/NFPA 70, Article 450.

Exception No. 1: Overcurrent protection is not required in the primary of a transformer complying with the
requirements for Class 2 transformers in the Standard for Low Voltage Transformers — Part 1: General
Requirements, UL 5085-1, and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3
Transformers, UL 5085-3, or a transformer that is an integral part of a power supply complying with the
Standard for Class 2 Power Units, UL 1310, or the requirements for "NEC Class 2" output in the Standard
for Information Technology Equipment — Safety — Part 1: General Requirements, UL 60950-1, or the
Standard for Audio/Video, Information and Communication Technology Equipment — Part 1: Safety
Requirements, UL 62368-1.

Exception No. 2: A transformer located within another component (for example, a power supply or
temperature control) does not require an additional overcurrent-protective device when, in the appliance,
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the component is connected in

series with a branch-circuit overcurrent-protective device for which

suitability has been determined during the component evaluation.

Exception No. 3: Overcurrent protection is not required in the primary of a transformer complying with the
requirements in Section 67, Transformer Burnout Test.

28.3.4 Lampholder Circuits — A lampholder circuit shall have overcurrent protection rated not more than
20 amperes in the appliance. See Section 33, Lampholders.

Exception: This requirement does not apply to a non-replaceable pilot lamp.

28.3.5 Attachment Plug Rece

) .

configuration shall have individual (dedicated) overcurrent protection rated not more than the current

rating of the receptacle.

Exception No. 1: A duplex 125V,
being protected at 20A.

Exception No. 2: Multiple 125V,
single overcurrent-protective devid

28.3.6 Heating Element Circuits
lamp heating elements, rated mc
circuits. The load on each circuit
more than 60 amperes unless re
protective device shall be:

a) Factory installed within

b) Provided as a separate

Exception: An appliance employin
stated in 28.3.6 when:

a) The elements are integh
b) The elements are cont

operating conditions, whig
Electrical and Fire Enclosu

5A receptacle or multiple 125V, 15A receptacles are not prohibited from

15A or 20A receptacles are not prohibited from being connécted to a
e.

— An appliance employing resistive heating elements, including halogen
re than 48 amperes shall have the heating .elements on subdivided
bhall not exceed 48 amperes, and each circuit 'shall be protected at not
uired to be protected at a lower level inaccordance with 28.3.7. The

br on the appliance enclosure; or

pssembly by the appliance manufacturer.

g metal-sheathed heating’ elements is not required to be subdivided as

al with and enclosed within a cooking surface;

hined within-an enclosure or other heating compartment, under normal
h are_lidentified as suitable for use, in accordance with Section 8,
res. For the purpose of this requirement, an oven door is not prohibited

from completing the enclos

Lire;, or

c) The elements are contained within an ASME rated and stamped vessel

However, such heating elements shall be subdivided into circuits not exceeding 120 amperes and
protected at not more than 150 amperes.

28.3.7 Surface Heating Elements — Exposed metallic-sheathed surface heating elements intended for
direct contact with cooking utensils shall have overcurrent protection rated not more than 50 amperes in
the appliance unless the appliance is connected in accordance with 28.1.3 to a branch circuit rated 50

amperes or less.

28.4 Protection for wiring located outside the enclosure

28.4.1 All internal wiring located

outside the appliance enclosure (for example, interconnecting cables),

and all output circuits (that is, circuits providing power or control signals to equipment outside the
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appliance) shall be protected against burnout and damage to the insulation resulting from any overload or
short-circuit condition that can occur during use of the equipment. See 28.1.9.

28.4.2 The overcurrent protection provided in the primary circuit of a transformer is not protection for the
secondary circuit unless it operates to protect the circuit under all overload conditions including short
circuit.

28.4.3 A conductor provided with overcurrent protection complying with the National Electrical Code,
ANSI/NFPA 70, is determined to comply with 28.4.1. For wiring located in a tapped high-voltage control
circuit, a conductor provided with overcurrent protection complying with Table 28.2 is determined to
comply with 28.4.1.

28.4.4 With respect to 28.4.1, addlitional overcurrent protection is not required for interconnecting cables
(cables that connect different portions of the appliance) when the wiring can carry the maximum current
available from the power supply off other source without discoloration or softening of insulation. When an
interconnecting cable also supplies an output circuit, the output circuit shall be protected in accordance
with 28.4.1.

Table 28.2
Overcurrent protectivie device rating for wiring located outside the enclosure

Maximum rating of overcurrent protective device, Amperes

Conductor size, AWG Copper Aluminum?
18 7 -
16 10 -
14 45 -
12 60 45
10 90 75
Larger than 10 b b

2 Includes copper-clad aluminum.
b 300 percent of value specified for 60°C cpnductors in Table 310-16,0f National Electrical Code, ANSI/NFPA 70.

28.5 Protection for high-voltagé control circuits conductors
28.5.1 General

28.5.1.1 These requirements applysto protection of conductors in high-voltage control circuits.
Components in these circuits shallLbe Ir\rr\h:(‘h:'ar{ in accordance with 28 3 \l\liring in these circuits that is

located outside the enclosure shall be protected in accordance with 28.4.
28.5.2 Direct-connected high-voltage control circuits

28.5.2.1 Conductors in a direct-connected high-voltage control circuit are not required to be provided
with protection within the appliance when the conductors are not smaller than 22 AWG (0.64 mm). For
smaller conductors, protection shall be provided in accordance with 24.2.

28.5.3 Tapped high-voltage control circuits

28.5.3.1 A control circuit that is tapped from the main power-supply circuit at a point outside the
appliance enclosure shall be protected as specified in Column A of Table 430-72(b) of the National
Electrical Code, ANSI/NFPA 70.
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28.5.3.2 A tapped high-voltage control circuit conductor shall be provided with overcurrent protection.
The rating of the overcurrent-protective device or devices shall not exceed the applicable value specified
in Table 28.3.

Exception No. 1: A 18, 16, or 14 AWG (0.82, 1.3, or 2.1 mm, respectively) conductor within the appliance
enclosure that does not exceed 4 feet (1.2 m) in length between points of opposite polarity is sufficiently
protected by an overcurrent-protective device rated 60 amperes or less.

Exception No. 2: An overcurrent-protective device of a higher rating than specified in Table 24.1 or a
conductor smaller than specified Table 24.1 may be used provided the conductor complies with the
requirements specified in the Limited Short-Circuit Test, Section 49.

Exception No. 3: A lead within th¢ appliance enclosure and 12 inches (305 mm) or less in length need not
be provided with overcurrent protection, and the size of such a lead is not specified.

Exception No. 4: A control circuif 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-protective device or flevices located on the primary side of the transformer provided this
protection:

a) Complies with the requifements for protection of transformer circuits, 28.3.3; ahd

b) Does not exceed the |applicable value specified in Table 28.3, multiplied by the ratio of
secondary to primary rated|transformer voltage.

Table 28.3
Overcurrent-prgtective device rating for control circtit conductors
Maximum rating of overcurrent-protective device, Amperes
Control circuit conductor size, Conductors contained in control equipment enclosure
AWG (mm?) Copper Aluminum?
18 (0.82) 25 -
16 (1.3) 40 -
14 (2.1) 100 -
12(3.3) 120 100
10(5.3) 160 140
Larger than 10 b b
2 Includes copper-clad aluminum
® 400 percent of value specified for 60° C conductors in Table 310-17 of the National Electrical Code, ANSI/NFPA 70.

29 Auxiliary-Circuit Terminals

29.1 Auxiliary-circuit terminals shall comply with the requirements for field-wiring terminals. See 16.3 and
16.4.

29.2 Auxiliary-circuit terminals shall be connected to:

a) A contactor that complies with the requirements in 27.3 and 27.4 for an automatic reset
temperature-limiting control;

b) A shunt-trip circuit breaker; or
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c) A switching device of equivalent reliability.

29.3 Operation of an overcurrent-protective device shall not interfere with the functioning of an auxiliary
circuit unless it also opens the heating-element circuit or causes the circuit to be opened.

30 Capacitors

30.1

A capacitor shall be housed within an enclosure or container that protects the plates against

mechanical damage and that prevents the emission of flame or molten material resulting from capacitor
failure. The container shall be of metal providing the strength and protection not less than that of uncoated

steel having a thickness of 0.020 in

ch (0.51 mm).

Exception: The individual containe
a) Sheet metal having a thig

b) Material other than meta

of a capacitor is not prohibited from being:
kness less than that mentioned above; or

when the capacitor is mounted within the enclosure of the unit.

30.2 When the container of an eléctrolytic capacitor is metal, the container shall be considergd.a live part

and shall be provided with moistur
prevent contact during servicing of]
mm) thick except as indicated in S¢q

30.3 A capacitor employing a liqu
against expulsion of the dielectric
requirements of this standard, incl
used. See Breakdown of Compone

30.4 Across-the-line and line by

Voltage-Withstand Test, Section 51

Exception: A capacitor that com
Equipment — Part 14: Sectiona
Suppression and Connection to th
is not required to be subjected to th

31 Switching Devices

31.1 General

e-resistant electrical insulation to isolate it from dead metalyparts and to
erations. The insulating material shall be not less tharn\0.028 inch (0.71
ction 38, Insulating Barriers.

id dielectric medium more combustible than askarel shall be protected
medium when tested in accordance with the applicable performance
uding faulted overcurrent conditions based on the circuit in which it is
nts Test, Section 57.

pass (line to ground) capacitars)shall be subjected to the Dielectric

blies with the Standard-for Fixed Capacitors for Use in Electronic

Specification: Fixed Capacitors for Electromagnetic Interference
. Supply Mains, UL)60384-14, or the Standard for Capacitors, UL 810,
is test.

31.1.1

These requirements apply to controls that perform any switching function, either automatically or

manually controlled, such as switches, relays, contactors, thermostats, thermal cutoffs, and circuit
breakers. They do not apply to a switching device in secondary circuits as described in Sections 34.3 —

34.8 when:

a) The circuit in which the switching device is located is not a safety circuit;

b) The switching device does not have a marked "off" position and is not used as part of the circuit
to disconnect power when a switch with a marked "off" position is turned to the "off" position; and

¢) The switching device is not part of the circuit to disconnect power under any of the conditions in

31.4.2-31.4.7,31.4.10, or

102.1.

31.1.1.1

Switches and switchgear shall comply with one of the following, as applicable:
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a) Deleted

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

c) The Standard for Low-Voltage Switchgear and Controlgear — Part 1: General rules, UL 60947-1;

d) The Standard for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and motor-
starters — Electromechanical contactors and motor-starters, UL 60947-4-1; or

e) The Standard for Low-Voltage Switchgear and Controlgear — Part 5-2: Control circuit devices
and switching elements — Proximity switches, UL 60947-5-2.

Exception: Switching devices that

comply with the applicable UL standard for specialty applications (e.qg.

transfer switch equipment), indus
another component (e.g. switched|

31.1.1.2 A clock-operated switc
gear-train, by electrically-wound
arrangements shall comply with on

a) The Standard for Clock-

b) The Standard for Auton
and the Standard for Au
Particular Requirements fo

31.1.2 All manually operated 9
indicating means shall be incorpo
which the device is mounted.

31.1.3 With reference to 31.1.2,
being used as a means of indicatig

a) It is operated at rated vg
ranges specified in 83.3, it

b) It has an estimated life a

Exception: A neon lamp is

trial use (e.q. contactors, relays, auxiliary devices), or are integral to
lampholder) need not comply.

n, in which the switching contacts are actuated by a clock-work,by. a
spring motors, by electric clock-type motors, or by equivalent
e of the following:

Dperated Switches, UL 917; or

natic Electrical Controls — Part 1: General Requiretments, UL 60730-1;
fomatic Electrical Controls for Household and. Similar Use; Part 2:
r Timers and Time Switches, UL 60730-2-7.

r adjustable switching devices shall be of the indicating type. The
rated on the device or knob, on an attached plate, or on the panel on

the "on — off" function of a filaméent or signal lamp is not prohibited from
n when all of the following.eonditions are met:

Itage; or, for a component with a rated voltage within one of the voltage
s operated within,that voltage range; and

[ the operating veltage of not less than 20,000 hours; and

not required to demonstrate estimated life.

31.1.4 With reference to 31.1.2
prohibited from being provided wi

osit

nd.81.4, a switching device that has only '

'on" and "off" positions is not

significance of these symbols is explained in the instructions packaged with the appliance.

31.1.5 With respect to switching

devices controlling heating functions, "no heat," "cold," "O" and the like

are considered to be "off" markings.

31.1.6 When a switching device with a marked "off" position is mounted such that movement of the
operating handle is vertical, the lower position shall be the "off" position.

Exception: This requirement does

not apply to a switching device having two or more positions in addition

to the "off" position, such as a double-throw switch.

31.1.7 A switching device shall
employed.

be judged with respect to the temperature limitations of the materials
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31.2 Electrical ratings

31.2.1 A switching device shall have a current and voltage rating not less than that of the load that it
controls when the appliance is operated as described in the Normal Temperature Test, Section 50.

31.2.2 The current rating of a switching device that controls a solenoid, a magnet, a transformer, an
electric-discharge-lamp ballast, or any inductive load other than a motor shall be at least twice the rated
full-load current of the component that it controls, unless the switch has been found acceptable for the
control of an inductive load at least equal to the rated full-load current of the component.

31.2.3 A switching device that controls a motor shall:

a) Have a current rating at
requirements in Section 70,

east twice the rated full load current of the motor and comply with the
Motor Switch Overload Test; or

b) Have a motor rating (full-load/locked rotor amps or horsepower) at least equivalent to the load:

31.2.4 A switching device that cg
shall:

ntrols a screwshell-type lampholder or another tungsten-filament load

a) Have a tungsten-filamen
not less than 25 W; or

lamp rating at least equivalent to the rating of the antiCipated load, but

b) Have a current rating eg
less than 150 W, for alterna

uivalent to at least six times the rating of the anticipated load, but not
ing-current circuits; or

uivalent to at least ten times the rating of\the anticipated load, but not
urrent circuits.

c) Have a current rating eq
less than 250 W, for direct-d

Exception: This requirement does
indicating lamps.

31.2.5 A switching device contr
inductive load, and a resistive loa
required by 31.2.2 — 31.2.4, as app

not apply to pilot or indicating-lamps, or to lampholders for pilot or

lling any combination of a tungsten-filament load, a motor or other
, shall have a current rating at least equal to the sum of any ratings
icable, and the rated current of the resistive load.

31.2.6 A switching device provided as part.efian appliance intended to be connected to a power-supply

circuit involving a potential to grour

d of more than 150 volts shall be acceptable for the maximum potential

to ground of the circuit. See 83.4.

31.3 Guarding

31.3.1 A switching device shall be located or protected so that it is not subjected to mechanical damage
when used.

31.3.2 When unintentional operation of a switching device results in a risk of injury to persons, the
actuator of the switch shall be located or guarded so that such unintentional operation does not occur.

31.3.3 With reference to the requirement in 31.3.2, a switch that is located or guarded so that it cannot
be turned on by moving a 2 inch diameter sphere at any angle to the switch or actuator is capable of being
used.

31.3.4 The actuator of a switch is allowed to be guarded by recessing, ribs, barriers, or similar means.
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31.4 Specific applications

31.4.1 A switching device in a fixed or stationary appliance that controls a heating element and has a
marked "off" position, see 31.1.4, shall open all ungrounded conductors of the heating-element circuit or
cause the conductors to be opened.

31.4.2 A switching device controlling an exposed open-wire element shall be of such a type and so
connected that it disconnects the element or elements from all conductors of the power-supply circuit. This
applies to a switch in the "off" position or any other position of the switch in which the element is not
heated.

31.4.3 A switching device controlling an_exposed open-wire element in _the rotating head of a cotton

candy maker shall be of such type|and so connected that it disconnects the element from all conductors of
the power-supply circuit when power to the drive mechanism for the rotating head is interrupted.

31.4.4 A switching device contrplling one or more plug-in or movable surface heating elements-of a

permanently connected applianc
elements that it controls or cause

31.4.5 A manually operated swit
of each section, such as an oven
and 31.4.1.

31.4.6 A switch or other means
one time shall be so located or of

the use of more elements than intq

31.4.7 A manually operated mot
in a cord-connected appliance tha
31.14.

31.4.8 A manually operated mot
for any motor that drives a moving

visible and legible from any anticip

31.4.9 An automatically reset pr|
in injury to a person.

31.4.10 The requirement in 31.4
appliance when moving parts are
motor.

shall open all ungrounded conductors of the heating element or
e conductors to be opened.

ching device with a marked "off" position shall be provided\for the control
or a warming unit, of a permanently connected appliance. See 31.1.4

pf control intended to permit the use of a limited' number of elements at
such type that the user cannot readily change the connections to permit
nded.

br-control switching device with a marked "off" position shall be provided
[ employs a motor rated more than 1/3 horsepower (250 W output). See

pr-control switching device with a marked "off" position shall be provided
part that is capablesef'injuring a person. See 31.1.4. This switch shall be
ated user locatjon.

btective deyvice shall not be employed when automatic resetting results

19 necessitates the use of an interlock (See Section 14, Interlocks)in an

32 Components Containing Liquid Metal

32.1

Components containing liquid metal (mercury, sodium, and/or potassium) shall not be located

capabte of causimg njury toa persomuporn the automatic restartingof a——

above or adjacent to food preparing/cooking areas. Components containing liquid metal located in circuits
other than those described in 34.3 — 34.8 shall be investigated in accordance with the Standard for
Industrial Control Equipment, UL 508, or the Standard for Temperature Indicating and Regulating
Equipment, UL 873. Compliance with the Standard for Automatic Electrical Controls for Household and
Similar Use, Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the
UL 60730 series fulfills these requirements.

Exception: Components containing liquid metal are not prohibited from being located above or adjacent to
food preparing/cooking areas when an enclosure or guard is located to prevent the liquid metal form
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reaching the food preparing/cooking area in the event of breakage of the component. See Components
Containing Liquid Metal Test, Section 71.

33 Lampholders

Section 33 deleted

33A Light Sources and Associated Components

33A.1 Lampholders and indicating lamps with integral lamp/lampholder (e.g. neon pilot lamp) shall

comply with the Standard for Lamp

holders, UL 496.

Exception: Lampholders forming
standard are considered to fulfill th

33A.1.2 Lighting ballasts shall co
a) The Standard for Fluores

b) The Standard for High-In

Exception No. 1: Ballasts formin
standard are considered to fulfill th

Exception No. 2: Ballasts for other

33A.1.3 Light emitting diode (LEL
(LED) Equipment for Use In Lightin

Exception No. 1: LED light sour
luminaire standard are considered

Exception No. 2: Individual LEIL
indicating purposes need not com
this end product Standard.

33A.2 A lampholder intended to
conductor shall be located so that

part of a luminaire that complies with an appropriate UL luminaire
s requirement.

mply with one of the following:
cent-Lamp Ballasts, UL 935; or

ensity-Discharge Lamp Ballasts, UL 1029.

y part of a luminaire that complies with an appropriate UL luminaire
s requirement.

light sources shall comply with the appropriate UL standard.

D) light sources shall comply with the(Standard for Light Emitting Diode
g Products, UL 8750.

tes forming part of a luminaire that complies with an appropriate UL
fo fulfill this requirement.

D light sources mounted on printed-wiring boards and intended for
bly with UL 8750,-but shall comply with the applicable requirements of

be cohnected to a power-supply circuit without a grounded supply
a tookis required to change the lamp. The marking specified in 89.10,

shall be provided. When a grounded supply conductor is provided, the connection of the lampholder shall
comply with the requirements in %—swmmmmmm

Section 16, Electrical Supply Conn
Polarity, Section 19.

ections for Cord-Connected Appliances, Section 17, as applicable, and

Exception: A lampholder is not required to be located so that a tool is required to change the lamp when
the lampholder is constructed so that no live parts of the lampholder or the lamp exposed to contact by the
accessibility probe shown in Figure 10.3, during relamping.

33A.3 When a medium-base or
potential higher than 125V, the ma

33A.4 For a screwshell type lam
lamp used (for example, the length
89.4.

smaller screwshell type lampholder is connected to a circuit with a
rking in 89.3, shall be provided.

pholder, when compliance with 33A.2, is dependent upon the type of
or taper of the lamp), the appliance shall be marked in accordance with
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Exception: The appliance is not required to be marked when all standard lamps intended for the

lampholder either:

a) Comply with 33A.2; or

b) Do not fit into the space provided.

33A.5 A screw shell lampholder for an infrared lamp shall be:

a) Of the unswitched medium-base type; and

b) For use with a 300-watt or smaller lamp.

Exception: A lamp-and-lamphold
acceptable temperatures are attali
the switching mechanism of a
applicable requirements.

33A.6 A lampholder screw shell
than 150 V to ground. See 83.4.

Exception No. 1: This requiremen

Exception No. 2: This requiremen
of the lampholder or the lamp ar
during relamping.

br combination is not required to comply with the requirement when
hed on all of the components in the normal temperature test, and when
switched lampholder has been investigated and found to meet the

of a cord-connected appliance shall not operate at a potentiahof more

f does not apply to a lampholder for a pilot light or indjcating lamp.

t does not apply to a lampholder that is constructed so that no live parts
b exposed to contact by the accessibility probe shown in Figure 10.3,

33A.7 A female screw shell used as a holder for a heating element shall be of copper or a copper base

alloy and shall be plated with nicke
33A.8 Current-carrying parts of
copper or a copper-base alloy plat

Aluminum shall not be employed.

33A.9 A lampholder that is exp|
employ a paper liner.

34 Secondary Circuits

| or an equivalent oxidation-resistant metal.

b lampholder in an oven of @n appliance shall be of a material such as
bd with nickel, stainless steel, or an equivalent oxidation-resistant metal.

psed to moist (vapors during the operation of the appliance shall not

34.1 General

34.1.1 Each secondary circuit sh

Exception: A secondary circuit is

all comply with the requirements for line-voltage circuits.

not required to comply with the requirements for line-voltage circuits

when all of the following conditions are met:

a) The circuit is not a safety circuit;

b) The circuit complies with the requirements for one of the types of secondary circuits referenced

in 34.1.3; and

¢) The circuit is separated from other circuits as required in Section 40, Separation of Circuits.

Such circuits shall comply with the

requirements in Subsection 34.2 for each type of circuit.
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34.1.2 A secondary circuit is a circuit that is isolated at all points from the primary branch circuit. This
isolation shall be provided by means of a transformer, optical isolator, limiting impedance,
electromechanical relay, or power switching semiconductor as described in 36.3.

34.1.3 The following secondary circuits shall comply with the requirements in 34.3 — 34.8:
a) Class 2 circuit (See 34.3);
b) Limited voltage/current circuit (See 34.4);

c¢) Limited voltage circuit (See 34.5);

d) Limited energy circuit (See 34.6);
e) Limiting impedance circujt (See 34.7); and
f) Safety extra-low voltage (BELV) circuit (See 34.8).

Note: It is possible that the same circuit will meet the requirements for more than one of the above types of circuits.

34.1.4 An overview of the secondary circuits listed in 34.1.3 is given in Table 34.1. This\table is for
comparison purposes only; speciallcases and exceptions are not shown.
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Table 34.1
Comparison of secondary circuits
Derived Requires Maximum Requires
directly from isolating available electrical
component transformer voltage, Maximum Maximum Maximum Maximum spacings to Needs an
evaluated to or Vac/dc® available rated rated power, available ground or electrical Paragraph
Circuit name standard equivalent® (Vmax)® current, A current, A VA power, VA enclosure enclosure reference
Class 2 UL 5085-1, Yes 0to20 8 5 5xVmax 250" No No 34.2.1,34.3
UL 5085-2,
UL 5085-3. over 20 to 30 8 100/Vmax 100
UL 1310, over 30 - 60, 150/Vmax 100/Vmax 100
UL 60950-1, dc only
or
UL 62368-1
Limited UL 5085-1, Yep 0to20 8 5 5xVmax 250f No Yes 34.2.1,34.4
voltage/cur UL 5085-2,
rent UL 5085-3,
B'IZ 121? over 20 to 30 8 100/Vmax 100
UL 60950-‘1, over 30 - 60, 150/Vmax 100/Vmax 100
or dconly
UL 62368-1
Limited UL 5085-1, Yep 0to 30 N/A N/A N/A N/A No Yes 34.2.2,34.5
voltage UL 5085-2,
UL 5085-3,
uL 1310,
UL 1411,
UL 60950-1,
or
UL 62368-1
Limited UL 5085-1, Yep 0to 100 N/A N/A N/A 200 Yes Yes 34.2.3,23.3
energy UL 5085-2,
UL 5085-3,
UL 1310,
UL 1411,
UL 60950-1,
or
UL 62368-1
Limiting N/A Ng N/A N/A N/A N/A 15 watts No No® 34.2.4,34.7
impedance
Safety extra- UL 60950-1 Yep 0to 30 over N/A N/A N/A N/A N/A Yes 34.2.5,34.8
low voltage or 30 =.603.dc
(SELV)? UL 62368-1 only
Table 34.1 Continued on Next Page
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Table 34.1 Continued

Derived Requires Maximum Requires
directly from isolating available electrical
component transformer voltage, Maximum Maximum Maximum Maximum spacings to Needs an
evaluated to or Vac/dc® available rated rated power, available ground or electrical Paragraph
Circuit name standard equivalent® (Vmax)® current, A current, A VA power, VA enclosure enclosure reference

f Non-inherently limited.

¢ Vmax = Maximum output voltage, including open circuit.
9 Available power downstream of limiting impedance.
¢ See 34.2.4(c).

2 UL 1950 supply must be isolating type to meet requirements for above circuits requiring isolating transformer.
b Voltage ranges shown are for sinusoidal AC and continuous direct current. For non-sinusoidal AC, Vmax (peak) shall be no greater than 1.414 x the rms voltage shown.
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34.1.5 Any part that exceeds 121°C during the Normal Temperature Test, Section 50, is to be identified
as involving a risk of fire when evaluating the equipment in accordance with Section 8, Electrical and Fire
Enclosures, regardless of the circuit in which it is located.

34.1.6 Moving parts are to be evaluated with regard to their potential for personal injury regardless of the
circuit in which they are located.

34.1.7 When a secondary circuit is connected to the frame of the appliance, the connection shall be
made at only one point in the appliance or system.

Exception: A Class 2 circuit (see 34.3) and a Limited Voltage/Current Circuit (see 34.4) are not prohibited
from being connected to the frame at more than one point.

34.1.8 Secondary circuits shalll comply with the requirements for Short-Circuit and Ground-Fault
Protection, Section 28.

34.1.9 A waveform is considered to be direct-current(dc) when the amplitude of the voltage rippleis not
more than 10 percent of the peak yoltage.

34.1.10 Where separate voltage|values are given for rms and peak voltages, both values-shall apply to
nonsinusoidal waveforms, with thg exception of direct-current (dc) waveforms. See 34.4°.9.

34.2 Evaluation of the different types of secondary circuits

34.2.1 The following applies to §econdary circuits that comply with the requirements for Class 2 circuits
(see 34.3) or limited voltage/current circuits (see 34.4):

a) Lithium batteries shall be evaluated in accordance with Séction 35, Lithium Battery Circuits. All
other components located ithin these circuits are not required to be evaluated.

b) Spacings located within these circuits and from thése circuits to earth ground or to the enclosure
are not required to be evpluated. However, spacings from these circuits to other circuits shall
comply with Section 40, Sejparation of Circuits.

c) Except as stated in 34{1.5 and 34.1.6, these circuits are not determined to be a risk of fire,
electric shock, or injury to| persons when ‘evaluating an appliance in accordance with Section 8,
Electrical and Fire Enclogures. Class-2 circuits are not prohibited from being accessible from
outside the enclosure or|during‘\user servicing. Limited voltage/current circuits shall not be
accessible from outside thg enclosure or during user servicing.

d) With reference to 34.1.7, thesetircuitsare tapabte of beingusedformuttipte frameconmectiors;
and the frame is not prohibited from use as the return for these circuits.

34.2.2 The following applies to secondary circuits that comply with the requirements for limited voltage
circuits (see 34.5):

a) Lithium batteries shall be evaluated in accordance with Section 35, Lithium Battery Circuits.
Printed-wiring boards shall be evaluated in accordance with the Standard for Printed-Wiring
Boards, UL 796, and shall be rated V-2 or better. Internal wiring shall be evaluated in accordance
with Section 22, Internal Wiring. All other components located within these circuits are not required
to be evaluated.

b) Spacings located within these circuits and from these circuits to earth ground or to the enclosure
are not required to be evaluated. However, spacings from these circuits to other circuits shall be in
accordance with 40, Separation of Circuits.
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c) These circuits shall not be accessible from outside the enclosure or during user servicing. When
these circuits provide power to components that extend through the enclosure (such as displays,
keypads, and the like), then the ability of these components to serve as an enclosure shall be
evaluated.

34.2.3 The following applies to secondary circuits that comply with the requirements for limited energy
circuits (see 34.6).

a) Lithium batteries shall be evaluated in accordance with Section 35, Lithium Battery Circuits.
Printed-wiring boards shall be evaluated in accordance with the Standard for Printed-Wiring
Boards, UL 796, and shall be rated V-2 or better. Wiring shall be evaluated in accordance with
Section 22, Internal Wiring. Motors shall be evaluated in accordance with the requirements in
Section 26, Motors. The effectsof-heatgenerating—powercomponents—on—adjacentcomponents—
such as printed-wiring boarfls and wiring shall be evaluated in accordance with the requirements in
Section 50, Normal Tempefature Test. All other components located within these circuits are not
required to be evaluated.

b) Spacings located within fhese circuits are not required to be evaluated. However, spacings\from
these circuits to earth ground or to the enclosure, and spacings from these circuits to othercircuits,
shall be in accordance with [Section 40, Separation of Circuits.

34.2.4 The following applies to
impedance circuits (see 34.7):

¢) These circuits shall not b
these circuits provide powg
keypads, and the like), the
evaluated.

e accessible from outside the enclosure or during userServicing. When
r to components that extend through the enclosuré (such as displays,
n the ability of these components to serve as an enclosure shall be

secondary circuits that comply with,thé requirements for limiting

a) Lithium batteries shall bg evaluated in accordance with Section 35, Lithium Battery Circuits. All

other components located v

ithin these circuits are not required to be evaluated.

b) Spacings located within these circuits, and from" these circuits to earth ground or to the

enclosure, are not required
shall be in accordance with

c) Except as stated in 34.

to be evaluated. However, spacings from these circuits to other circuits
34.4.

.5 and 34.1.6,-these circuits are not determined to be a risk of fire,

electric shock, or injury to
Electrical and Fire Enclosur
the enclosure or during use

persons when evaluating an appliance in accordance with Section 8,
es. These, circuits are not prohibited from being accessible from outside
servieing.

Exception: Circuits supplied from a limiting impedance that has not been evaluated for operation
under single-fault conditions, as allowed by Exception No. 1 to 34.7.2, are determined to be a risk
of fire/electric shock, and shall not be accessible from outside the enclosure or during user
servicing. When these circuits provide power to components that extend through the enclosure
(such as displays, keypads, and similar components), then the ability of these components to serve
as an enclosure shall be evaluated.

d) With reference to 34.1.7, these circuits are not prohibited from being used for multiple frame
connections, and the frame is not prohibited from use as the return for these circuits.

Exception: Circuits supplied from a limiting impedance that has not been evaluated for operation
under single-fault conditions, as allowed by Exception No. 1 to 34.7.2, shall be connected to the
frame at not more than one point. The frame shall not be used as the return for these circuits.

34.2.5 The following applies to secondary circuits that comply with the requirements for safety extra-low
voltage circuits (see 34.8):
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34.3

34.3.1

34.4

34.4.1

a) Lithium batteries shall be evaluated in accordance with Section 35, Lithium Battery Circuits.
Printed-wiring boards shall be evaluated in accordance with the Standard for Printed-Wiring

Boards, UL 796, and shall

be rated V-2 or better. Internal wiring shall be evaluated in accordance

with Section 22, Internal Wiring. All other components located within these circuits are not required

to be evaluated.

b) Spacings located within

are not required to be evalu

these circuits and from these circuits to earth ground or to the enclosure
ated. However, spacings from these circuits to other circuits shall be in

accordance with Section 40, Separation of Circuits.

c¢) These circuits shall not be accessible from outside the enclosure or during user servicing. When
these circuits provide power to components that extend through the enclosure (such as displays,

keypads, and the like), th
evaluated.

Class 2 circuits

A Class 2 circuit shall be §
a) The Standard for Class ]

b) The requirements for ClI
1: General Requirements,
Class 2 and Class 3 Transf

c) The requirements for
Equipment — Safety — Part

Information and Communig
1.

Limited voltage/current ci

A limited voltage/current

secondary winding of an isolating
available to the circuit is not more
the Maximum Voltage Test in 73.2
shown in Table 34.1 when tested
volt-ampere capacity available t
accordance with the Maximum Po

Exception: The Maximum Current
to limit the available current as specified in 34.4.3.

en the ability of these components to serve as an enclosure shall be

upplied by an isolating source that complies with one of the following:
P Power Units, UL 1310;

pss 2 transformers in the Standard for Low Voltage Trafsformers — Part
UL 5085-1, and the Standard for Low Voltage Transformers — Part 3:
prmers, UL 5085-3; or

"NEC Class 2" output in the Standard fer Information Technology
1: General Requirements, UL 60950-1, orthe Standard for Audio/Video,
ation Technology Equipment — Part 1:Safety Requirements, UL 62368-

rcuits

circuit shall be supplied by an isolating source (for example, the
type transformer) sueh that the maximum open circuit voltage potential
than 30 V rms/4274,V peak, or 60 V dc, when tested in accordance with
and the current available is limited to a value not exceeding the values
in accordance ‘with the Maximum Current Test in 73.3. The maximum
b the ciréuit” shall be 200 volt-amperes or less when measured in
ver Test.in 73.6.

Test is not required when a secondary circuit protective device is used

34.4.2 The rated current for a limited voltage/current circuit shall not exceed the values in Table 34.1.

34.4.3 When a secondary fuse or other such secondary circuit protective device is used to limit the
available current in accordance with 34.4.1, it shall be rated in accordance with Table 34.2.
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Table 34.2
Rating for fuse or circuit protective device
Maximum available voltage (rms)? Amperes
0-20 5.0
Over 20 — 30 100/V®

2 Includes open circuit voltage.

bV is defined as the maximum available rms voltage, including open circuit voltage.

34.4.4 When a primary circuit protective device is used to limit the available current in accordance with
34.4.1, there are no restrictions on the current rating of the protective device as long as it limits the

available secondary current in accq

34.4.5 A fuse used in accordance
a) A noninterchangeable fu
b) The largest fuse that fits

c) Not subject to user servig

34.4.6 When a protective device
requirements of this Standard and

rdance with Tabte34-2:

with 34.4.3 or 34.4.4 shall be one of the following:
be;

n the fuse holder provided; or

ing, see 2.32(b).

s used as specified in 34.4.3 or 34.4.4, the deviceshall comply with the
shall be provided with an adjacent replacementimarking in accordance

with 89.11. The printed-wiring bogrd, wiring, and spacings prior to the point at'which the voltage and

current are limited shall comply wit

34.4.7 When a fixed impedance
a regulating network (such as used
the available current in accordancs
limit the voltage and current to thq
tested in accordance with the Com

34.5 Limited voltage circuit req

34.5.1 A limited voltage circuit s
winding of an isolating type transfo

a) The maximum open circ
rms/42.4 V peak, or 60 V dd

h the requirements for primary circuits.

such as a component or grouping of components in the same circuit) or
in a switching type power supply) is:provided to limit the voltage and/or
with 34.4.1, the fixed impedanee-or regulating network shall function to
values given in 34.4.1 under:single component fault conditions when
bonent Failure Test in 73:5;

uirements

hall be supplied’by an isolating source (for example, the secondary
rmer) that.eomplies with all of the following:

it voltage potential available to the circuit shall not be more than 30 V
, without any limitation on the available current or volt-ampere capacity,

when tested in accordance

ith' the Maximum Voltage Test in 73.2; and

b) These circuits shall be used only in a pollution degree 1 or 2 environment.

34.6 Limited energy circuits

34.6.1

A limited energy circuit shall be supplied by an isolating source (for example, the secondary

winding of an isolating transformer). The maximum volt-ampere capacity available to the circuit shall be
200 volt-amperes or less when measured in accordance with the Maximum Power Test in 73.6. The
maximum open circuit voltage potential shall be 100 V ac when measured in accordance with the
Maximum Voltage Test in 73.2.

34.6.2 When a primary or secondary circuit fuse or other circuit protective device is used to limit the
maximum available volt-ampere capacity in accordance with 34.6.1, the protective device shall comply
with the requirements for branch circuit or supplementary overcurrent protective devices and shall be
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provided with an adjacent replacement marking in accordance with 89.11. There are no restrictions on the
current rating of the protective device, when it limits the available secondary volt-amperes in accordance
with 34.6.1. The printed-wiring board, wiring, and spacings prior to the point at which the voltage and volt-
ampere capacity are suitably limited shall comply with the requirements for primary circuits.

34.6.3 A fuse used in accordance with 34.6.2 shall be one of the following:
a) A noninterchangeable fuse;
b) The largest fuse that fits in the fuseholder provided; or

c) Not subject to user servicing, see 2.32(b).

34.7

34.7.1

Limiting impedance circu

A limiting impedance circy

a) The calculated power d
Dissipation Test in 73.7, sh

b) The maximum available
equal to 15 W when tested

Exception No. 1: The cald
with the Power Dissipation

ts

it shall be supplied by an impedance that complies with the following;

ssipation of the impedance, when tested in accordance with the'Rower
bl be less than or equal to the power rating of the impedance;and

power immediately downstream of the impedance shall ke less than or
in accordance with the Limited Power Point Determination Test in 73.4.

ulated power dissipation of the impedance, when_tested in accordance
Test, is not required to be less than or equalite)the power rating of the

edance does not open or short while theCgircuit is subjected to the
73.5.

impedance when the imp
Component Failure Test in

fed Power Point Determination Test\is’not required when one or both of
St

Exception No. 2: The Lim
the following conditions ex

a) There is an add|
voltage is 125 V or

tional 10,000-ohm or morecSeries impedance in a circuit in which the
PSS, or

b) There is an add|
voltage is more that

tional 20,000-ohm.or.more series impedance in a circuit in which the
) 125V, but not more than 250 V.

34.7.2 The limiting impedance r¢ferred to irk34.7.1 shall limit the available power to 15 W under single
component fault conditions, when fested in-accordance with the Component Failure Test in 73.5.

Exception No. 1: When the circyit that is limited by the impedance is enclosed, the impedance is not
required to limit the available powiLto_LE_IALuader single component fault conditions

Exception No. 2: A single resistor or resistors serving as a limiting impedance are determined to comply
with this requirement without further investigation.

Exception No. 3: A single capacitor serving as a limiting impedance is determined to comply with this
requirement without further investigation only when the capacitor complies with requirements in the
Standard for Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-
14.

34.8 Safety extra-low voltage circuits

34.8.1 A safety extra-low voltage circuit shall be supplied by an isolating power source complying with
the requirements in the Standard for Information Technology Equipment — Safety — Part 1: General
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Requirements, UL 60950-1, or the

Standard for Audio/Video, Information and Communication Technology

Equipment — Part 1: Safety Requirements, UL 62368-1, for a safety extra-low voltage (SELV) power

supply, and shall be located only in
35 Lithium Battery Circuits
35.1

35.2 A lithium battery circuit shall

a pollution degree 2 or cleaner environment. See 39.4.

A lithium battery circuit is a primary or secondary circuit that obtains power from lithium batteries.

comply with the following:

a) The requirements in the Standard for Lithium Batteries, UL 1642; and

Exception: A circuit that obfains power solely front a lithium battery (for example, a circuit in whic

1%]7_?—/'ﬂ7_rﬂﬁ7—l—l_rh_

the lithium battery serves as the sole power source as opposed to serving as a back-up power

source) is not required to bg

b) The primary circuit req
Circuits, Section 34.

36 Isolating Devices

36.1 An optical isolator that is rel
between other circuits as required
for Optical Isolators, UL 1577, an
dielectric voltage withstand poten
output circuits.

36.2 A power switching semicon
constructed in accordance with th
The dielectric voltage withstand te
1000 V plus twice rated voltage for

36.3 A power switching semicon
and secondary circuits or between
that complies with the Standard for

Exception: A power switching sem
evaluated to the requirements for|
component is used within its estab

subjected to the requirements in UL 1642.

uirements in this Standard or with the requirements for Secondary

ed upon to provide isolation between primary and sécondary circuits or
by this Standard shall be constructed in accordance with the Standard
d shall be able to withstand for 1 minute, without breakdown, an ac
ial equal to 1000 V plus twice rated voltage between the input and

juctor device that is relied upon to previde isolation to ground shall be
b Standard for Electrically Isolated Semiconductor Devices, UL 1557.
sts required by UL 1557 shall be conducted at a dielectric potential of
1 minute.

ductor device that isyrelied upon to provide isolation between primary
other circuits shalkbe a device (such as a solid state motor controller)
Industrial Control Equipment, UL 508.

conductordevice located within a component that has been separately
that component is not required to be further evaluated, provided the
ished'ratings and limitations.

37 Electrical Spacings
371 General

37.1.1

Other than as noted in 37.1.2 — 37.1.10, spacings between uninsulated live parts of opposite

polarity and between an uninsulated live part and a dead metal part, shall not be less than specified in

Table 37.1 and Table 37.2.

Exception No. 1:

As an alternative approach to the spacing requirements specified in Table 37.1,

clearances and creepage distances may be evaluated in accordance with the requirements in Section 39,
Clearance and Creepage Distances.
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Exception No. 2: For other than providing isolation between different circuits or in a safety circuit,
spacings between traces of different potential on a printed-wiring board are not required to comply with
Table 37.1 when:

a) The printed-wiring board has a flammability rating of V-0;

b) The printed-wiring board base material has a minimum Comparative Tracking Index (CTI) of 100
volts; and

c¢) The equipment complies with the Printed-Wiring Board Abnormal Operation Test, Section 72.

Table 37.1

Minimum[spacings other than at field-wiring terminals

Potential involved, Minimum spacings, inch (mm)?
volts Over surface Through air
0-50 116 (1.6) 3/64 (1.2)
51-125 3/32 (2.4) 1/16 «.6)
126 — 250 1/8 (3.2)°¢ 3/32 (2.4)>c
5/32 (4.0)>4 1/8 (3.2)>4
251 -480 1/4 (6.4)° 5/32 (4.0
481 -600 3/8 (9.5)°¢ 1/4 (6.4)°

@ At heating elements, these spacings shall not be less than 1/16 inch up to 300 volts.

® Enameled wire is to be considered as if |t were an uninsulated live part. However, 3/32 inch ahd'greater spacings over surface
and through air are acceptable between dead metal parts and enameled wire that is rigidly supported and held in place on a coil.

¢ Between uninsulated live parts and grounded metal.
4 Between uninsulated live parts of opposjte polarity.

¢ At heating elements this spacing shall nt be less than 1/4 inch.

Table 37.2
Minimum spacings at field-wiring terminals

Minimum spacings, inch (mm)?
0 250 Volts 251 - 600 Volts
Parts involved Through air Over surface Through air Over surface
Between live parts of opposite 1/4 (6.4) 3/8 (9.5) 3/8 (9.5) 1/2 (12.7)°
polarity; and between a live part and a
dead metal part other than the
enclosure
Between a live part and the enclosure 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7)

@ These spacings do not apply to connecting straps or buses extending away from wiring terminals; such spacings are judged
under the requirements in Table 37.1.

® A spacing of not less than 3/8 inch, over surface, is capable of being used at wiring terminals in a wiring compartment or terminal
box that is integral with a motor.

37.1.2 The acceptability of the inherent spacings of a component, such as a switch or motor, is to be
based on the requirements that cover the component.

37.1.3 When an uninsulated live part is not rigidly fixed in position by a means other than friction
between surfaces, or when a movable dead metal part is in proximity to an uninsulated live part, the
construction shall be such that the spacing is not less than the minimum required spacing with the
movable part in any position.
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37.1.4 Enameled wire is considered to be an uninsulated live part when determining compliance with the
spacing requirements in this standard.

37.1.5 With reference to Table 37.1 and Table 37.2, the measurement of spacings over surface shall
include the walls of a groove wider than 5/64 inch (2.0 mm).

37.1.6 Insulating barriers used in lieu of the required spacings shall comply with Section 38, Insulating
Barriers.

37.1.7 In the case of a clamped insulating joint, see Figure 37.1, spacings are to be measured through
cracks unless the cracks are sealed. Adhesives, cements, sealants, and the like, are used to effect a seal
shall comply with the Standard for Polymeric Materials — Used in Electrical Equipment Evaluations, UL

746C.

Figure 37.1
Clamped joint

A A
[ |
% E
C D)
V A
B-
C
ECT A mfmB

SB1157

Parts A, B — Live parts of opposite polarity,|or.a)live part and grounded metal part with spacing through the crack between C and D

shall not be less than required in 37.1.7.
Parts C, D — Insulating barriers.
Part E — The clamped joint.
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37.1.8 The spacing from the wire of an open wire heating element to the cover shall not be less than 1/8
inch (3.2 mm).

Exception: At closed-in points only, such as the screw-and-washer construction of an insulated terminal
mounted in metal, in an appliance rated 250 volts or less, spacings shall not be less than 3/64 inch (1.2
mm).

37.1.9 The spacing through air between an uninsulated live part and an enclosure panel when tested as

described in Section 63, Strength of Enclosures, Frames, and Guards Test, shall not be less than:

a) One-half inch (12.7 mm) for a flat panel having an unsupported area greater than 1 square foot

(929 cm?).

b) 1-1/2 inches (38.1) ata |

¢) The minimum through-3
areas.

Exception: This requirement does
component complying with 5A.1.1

37.1.10 At terminal screws and
connectors, eyelets, or similar me|
Table 37.1 with such connecting m

37.2 Secondary circuits
37.21

Requirements for primary

Exception: The requirements for p
conditions are met:

a) The circuit is not a safet)

nockout or conduit opening.

ir spacing between an uninsulated live part and dead metal for other

not apply to the inherent spacing between an uninsulated livepart of a
— 5A.1.4, and an enclosure panel on which the component’is mounted.

studs to which connection can be made in the field by means of wire
ans as described in 16.3.1, spacings shall not be less than specified in
eans in position.

circuit spacings apply to secondary;gircuits.

rimary circuit spacings do notiapply to circuits where all of the following

circuit;

b) The circuit complies with the requirements_for one of the types of secondary circuits referenced

in 34.1.3; and

¢) The circuit is separated 1

Such circuits shall comply with the|

'om other.Circuits as required in Section 40, Separation of Circuits.

requirements in Subsection 34.2 for each type of circuit.

38 Insulating Barriers

38.1
in 38.3 — 38.5 shall:

a) Comply with Section 24,

b) Be at least 0.028 inch (0

Insulating materials used as a barrier in lieu of the required spacings per 37.1 and used as specified

Electrical Insulation; and

.71 mm) thick.

Exception No. 1: A material that complies with Section 24 is not required to comply with the thickness limit
in 38.1(b) when it can withstand a 5000 V ac dielectric voltage-withstand test in accordance with the
internal barrier requirements in the Standard for Polymeric Materials — Use In Electrical Equipment
Evaluations, UL 746C without breakdown.
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Exception No. 2: A material that complies with Section 24 and is used in addition to not less than one-half
the required through air spacings not required to comply with 38.1(b);, however, it shall be at least 0.013

inch (0.33 mm) thick. Material utiliz

ing this Exception shall:

a) Have the required mechanical strength when subjected to mechanical damage;

b) Be held in place; and

c¢) Be located so that it is no

38.2 The requirements in 38.1
determined to comply with Section
the material still needs to be provid

t adversely affected by operation of the equipment in service.

are independent of each other. For example, when a material is
24, Electrical Insulation, at a thickness less than that required by 38.1,
ed at a thickness in accordance with 38 1

38.3 The insulating material shall
a) The material is in direct p

b) The material serves to
uninsulated live part; and

c) The material is used as
both.

38.4 Insulating material that mee
a) The material is in direct p

b) The material does not
uninsulated live part; and

¢) The material is used in lig

comply with the requirements in 38.1 when:
hysical contact with an uninsulated live part;

physically support or maintain the relative positive position ,of the

h barrier in lieu of the required over surface or through_air spacings, or

s the following criteria shall also comply with the_requirements in 38.1:
hysical contact with an uninsulated live part;

serve to physically support or maintain the relative position of the

u of the required over surface'or through air spacings, or both.

Exception: A generic insulating ma
without additional evaluation.

ferial included in Table-381 is capable of being used for this application

38.5 Insulating material shall alsq comply with the-requirements in 38.1 when:

a) The material is not in dirgct physjeal.contact with an uninsulated live part;

b) The material does not
uninsulated live part; and

serverto physically support or maintain the relative position of that

c) The material is used in lieu of the required through air spacings.

Exception No. 1: A generic insulating material specified in Table 38.1 is capable of being used for this
application without additional evaluation.

Exception No. 2: A material that is located at least 1/32 inch (0.8 mm) from uninsulated live parts is not
required to comply with the HWI, HAI, or CTI PLC requirements.

Exception No. 3: A material that is located at least 1/2 inch (12.7 mm) from uninsulated live parts is not
required to comply with either the HWI, HAI, or CTI PLC requirements or with the RTI requirement.

Exception No. 4: Vulcanized fiber not less than 1/64 inch (0.4 mm) thick is capable of being used in
conjunction with an air spacing of not less than 50 percent of the spacing required for air alone.


https://ulnorm.com/api/?name=UL 197 2023.pdf

APRIL 7, 2023 UL 197 93
Table 38.1
Generic materials suitable for use as a barrier
Minimum thickness
Generic material® Inch (mm) RTI, °C

Aramid Paper 0.010 (0.25) 105
Cambric 0.028 (0.71) 105
Electrical Grade Paper 0.028 (0.71) 105
Epoxy 0.028 (0.71) 105
Mica 0.006 (0.15) 105
Mylar (PETP) 0.007 (0.18) 105
RTV 0.028 (0.71) 105
Silicone 0.028 (0.71) 105
Treated Cloth 0.028 (0.71) 105
Vulcanized Fiber 0.028 (0.71) 105

@ Each material shall have at least the mirfimum thickness specified, and its Relative Thermal Index (RTI) value shall notbe
exceeded during the Temperature Test.

39 Clearance and Creepage Distances

39.1 As an alternative approach
and other than as noted in 39.2]
accordance with the requirement
Creepage Distances for Electrical

39.2 Clearances between an un
for conduit or armored cable, shg
measurement.

39.3 The clearance and creepd
requirements in Section 37, Electr

Exception: When the design of thé
spacing due to stray strands or im,
wiring terminal shall be evaluatg
Standard for Insulation Coordin|

fo the spacing requirements specified in Section37, Electrical Spacings,
and 39.3, clearances and creepage distances may be evaluated in
5 in the Standard for Insulation Coordination Including Clearance and
Fquipment, UL 840, as described in 39.4.

nsulated live part and the walls of-a metal enclosure, including fittings
Il comply with 37.1.9. The clearances shall be determined by physical

ge distance at field-wiring terminals shall be in accordance with the
cal Spacings.

field-wiring terminals is such that it precludes the possibility of reduced
broper wiring-installation, clearance and creepage distances at the field-
d in accordance with either Section 37, Electrical Spacings, or the
ation<ithcluding Clearances and Creepage Distances for Electrical

Equipment, UL 840.

39.4 When conducting evaluations in accordance with the requirements in the Standard for Insulation

Coordination Including Clearance
guidelines shall be used:

and Creepage Distances for Electrical Equipment, UL 840, the following

a) Unless specified elsewhere in this Standard, the pollution degree shall be pollution degree 3;

b) A commercial electric co

oking appliance is to be categorized as Overvoltage Category Il.

c) A component that is located within an electrical enclosure without ventilation or other unplugged
openings. and is not subjected to grease or steam during cooking or cleaning, is determined to be
in a pollution degree 2 environment;

d) A component that is located within an electrical enclosure that includes ventilation or other
unplugged openings is determined to be in a pollution degree 2 environment when:
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1) All electrical parts of the component, except terminals, are wrapped, encapsulated, or
enclosed to prevent contact with dust, accumulated grease, or similar matter;

2) The component is not located within 2 inches (50.8 mm) of any unplugged opening; and
3) The component is not subjected to grease or steam during cooking or cleaning.

e) Pollution degree 2 is determined to exist on a printed-wiring board between adjacent conductive
material which is covered by any coating which provides an uninterrupted covering over at least
one side and the complete distance up to the other side of conductive material;

f) Any printed-wiring board which complies with the requirements in the Standard for Printed-Wiring
Boards, UL 796, shall be determined to provide a Comparative Tracking Index (CTI) of 100, and

when it further complies With the requirements for Direct Support in UL 796 then it shall be
determined to provide a CT| of 175;

g) For the purposes of compliance with the requirements for coatings of printed-wiring boards used
to achieve pollution degreg 1 in accordance with UL 840, a coating which complies with-/the
requirements for Conformal] Coatings in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL|746C, is determined to be capable of being used;

h) Pollution degree 1 is alsp capable of being achieved at a specific printed-wiring board location
by application of at least g 1/32 inch (0.79 mm) thick layer of silicone rubbet or for a group of
printed-wiring boards through potting, without air bubbles, in epoxy or potting mateérial.

i) Evaluation of only cleafances, to determine equivalence with current’ through air spacings
requirements, shall be conducted in accordance with Section 4, Clearafce A (Equivalency) of the
Standard for Insulation Cogrdination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840. An impulse test potential having a value as“determined in UL 840 is to be
applied across the same ppoints of the device as required for\the Dielectric Voltage — Withstand
Test, Section 51;

j) Evaluation of clearanceq and creepage distances.shall be conducted in accordance with the
requirements in UL 840 for Clearance B (Controlled'Qvervoltage), and Creepage Distances;

k) The phase-to-ground ratgd system voltage-tsed in the determination of clearances shall be the
equipment rated supply vdltage roundedto-the next higher value (in the table for determining
clearances for equipment) for all points on the supply side of an isolating transformer or the entire
product when no isolating fransformen_is’ provided. The system voltage used in the evaluation of
secondary circuitry shall be|interpolated with interpolation continued across the table for the Rated
Impulse Withstand Voltage Peakand Clearance; and

ensions of clearance and creepage distances shall he conducted in

I) Determination of the di
accordance with the requirements for measurement of clearance and creepage distances in UL
840.

40 Separation of Circuits

40.1

40.2
from:

Circuits shall be separated or segregated such that the spacings required by 37.1.1 are maintained.

A factory installed conductor shall be separated by a barrier or segregated, as specified in 40.3,

a) A factory installed conductor used in a different circuit unless the conductors of both circuits are
insulated for the maximum voltage of either circuit; and

b) An uninsulated live part connected to a different circuit.
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40.3 Segregation of a conductor shall be accomplished by clamping, routing, or equivalent means that
provides permanent separation from a conductor or an uninsulated live part of a different circuit.

40.4 A conductor shall be provided with strain relief in accordance with Section 17.2 when stresses on
the conductor cause the conductor to move such that compliance with 40.2 is not maintained.

40.5 An appliance shall be constructed so that a field-installed conductor of any circuit is segregated as
specified in 40.7 and 37.1.1, or separated by a barrier (see 40.6) from:

a) A field-installed conductor connected to any other circuit unless:

1) Both circuits are

Class 2 or Class 3, or both circuits are other than Class 2 or Class 3;

and
2) The conductors d
b) An uninsulated live part

c) A factory-installed con

f both circuits are insulated for the maximum voltage of either circuit.
bf any other circuit; and

uctor connected to any other circuit, unless the conductors of both

circuits are insulated for thg maximum voltage of either circuit.

Exception: Field-installed conduct
specific installation instructions ar
equipment to achieve required sef

40.6 With respect to 40.5, when
barrier is required while in other
openings for the passage of cond
such a barrier are to be a permang

40.7 Field-installed conductors n
factory-installed conductors of the
the location of openings in an e
terminals or other uninsulated liy

ors are not required to be segregated or separated-by a barrier when
b included that explain the proper procedure to bedoliowed to install the
aration.

the intended uses of the device are such.that in some applications a
Applications no barrier is required, a removable barrier or one having
ictors is not prohibited from being employed. Instructions for the use of
nt part of the device.

hay be segregated from each-other and from uninsulated live parts or
industrial control equipment connected to different circuits by arranging
nclosure for the various-field-installed conductors with respect to the
e parts and factory= or field-installed conductors so that a minimum

permanent 1/4 inch (6.4 mm) sepdration is provided.

41 Parts Subject to Pressure

41.1 General

41.1.1 A part supported or act
pressure loss.

41.1.2 A pressure vessel shall be designed so that:

a) A lid or door does not op

en until steam pressure is released; and

b) Steam released under pressure is directed away from the operator.

41.1.3 A means for draining oil or other cooking substances from an appliance that operates under
pressure other than normal atmospheric pressure shall be designed so that drainage is not directed
toward the operator.

41.1.4 A pressure vessel or boiler shall be certified by the National Board of Boiler and Pressure-Vessel
Inspectors and marked with the appropriate boiler and pressure vessel code symbol of the American
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Society of Mechanical Engineers (ASME) for a working pressure not less than the maximum anticipated
pressure determined in accordance with 41.1.8.

Exception No. 1: This requirement does not apply to a pressure vessel meeting any of the following
criteria; however, the pressure vessel shall be designed and constructed so that it complies with the
requirements in 41.1.7:

a) A pressure vessel not covered by the inspection procedure of the ASME code because of its

application;

b) An unfired pressure vessel (see 2.23):

1) Having an inside

inor dimension of 6 inches (152 mm) or less; or

2) Subject to a maxi

c) A fired pressure vessel
appliance during normal us
fryer):

1) Having an inside
2) Subject to a maxi

d) Except as noted in 41.1
under pressure is used out:
a vessel from which water
milk for a beverage), where

1) An inside minor d

2) A tank volume of

mum anticipated pressure of 15 psig (102 kPa) or less.

see 2.22) where the pressurized medium is contained solely within/the
e (for example, the sheath of a steam kettle or the kettle of a pressure

minor dimension of 6 inches (152 mm) or less; or
num anticipated pressure of 15 psig (102 kPa) or lesS

.6, a fired pressure vessel (see 2.22) where the.liquid, vapor, or gas
ide the vessel to directly produce a food or drink product (for example,
s drawn to produce a beverage or from which steam is drawn to froth
the vessel has:

imension of 6 inches (152 mm) or less;

hot more than 1-1/2 cubic feet; and

3) A maximum anticlpated pressure of not more‘than 30 psig (204 kPa).

Exception No. 2: This requirement|
renewing the beverage supply.

does not apply to-apremixed-beverage container that is replaced when

41.1.5 With reference to Exceptid
regard to pressure are to be evalu
the other.

n No. 1 ta’41.1.4, vessels that operate independently of each other with
hted separately, even when one is located partially or completely within

41.1.6 A fired pressure vessel with a power input rating greater than 48 kW to the vessel shall be
evaluated to the following portions of the Standard for Heating, Water Supply, and Power Boilers —
Electric, UL 834:

a) Types of Water Boilers of UL 834

b) Special Designation of a Boiler Assembly of UL 834

c¢) Limit Controls section of UL 834

d) Low Water Cutoff section of UL 834

e) Terminals and Sensing Elements of Operating and Limit Controls section of UL 834

f) Pressure-Relieving Devices section of UL 834
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g) Limit Control Cutout Test

section of UL 834

h) Continuous Operation Test section of UL 834

i) Pump-Failure Test sectio

j) Blocked-Flow Test sectio

n of UL 834

n of UL 834

k) Low Water Abnormal Test section of UL 834

[) Marking Requirements of UL 834

m) Instruction Manual Requirements section of UL 834

41.1.7 A part or an assembly th

bt is subject to air or vapor pressure, including the vapor pressure in a

vessel containing only a superheated fluid, during normal or abnormal operation shall withstand without

malfunction a pressure equal to fi
by the Hydrostatic Pressure Test,

Exception No. 1: A section of a f
requirements when the maximum|
than the values specified in Table
or lengths of tubing are to be ¢
compression fittings.

Exception No. 2: This requiremen|
symbol when that vessel is mark
subjected during normal or abnorn

Exception No. 3: Tubing intende
equal to 1-1/2 times the maximum

41.1.8 The maximum anticipateg
choices (as applicable):

a) The pressure correspor

e times the maximum anticipated pressure, see 41.1.8, as determined
bection 75:

ressure system constructed of tubing is determined to comply ‘with the
pressure obtained during normal or abnormal operation $-not greater
41.1 for a given diameter and thickness. The tubing is(to be continuous
onnected by hard-soldered, brazed, or welded joints, or flared type

{ does not apply to a pressure vessel bearing’the ASME code inspection
ed with a value of working pressure notyless than that to which it is
nal operation.

d for use as a pressure relief mmeans need only withstand a pressure
anticipated pressure of the part being protected. See 41.1.8.

pressure is defined as the highest pressure selected from the following

ding to the maximum setting of a pressure-reducing valve provided as

part of the assembly, but not more thah.the marked maximum supply pressure from an external

source and not more than
assembly.

b) The marked maximum s

he pressure setting of a pressure-relief device provided as a part of the

upplypressure from an external source, but not more than five times the

S _ralinf Aavian e daoc o nart ~Af tha oo aa formain

pressure setting of a presst

the Start-to-Discharge Test

o Aavuda bl a A by
TrCTOTCT UTVICCPTOVIOTUTOS o Palit U aiC—aSSCTTioTy; aS aCtThTiiCU— oy

, Section 76.

c) The pressure setting of a required pressure-relief device, as determined by the Start-to-

Discharge Test, Section 76

d) The maximum pressure that can be developed by an air compressor that is part of the assembly,
unless the pressure is limited by a pressure-relief device provided as part of the assembly.

e) The maximum working p

Exception: The Start-to-Discharge

ressure marked on the part.

Test is not required when the device bears the ASME code inspection

symbol. In this case, the marked operating pressure is the pressure setting of the device.
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Table 41.1
Maximum pressure for tubing
Minimum wall
Outside diameter thickness Maximum pressure to which tubing is subjected, psig (MPa)
inch (mm) inch (mm) Seamless copper Butt-welded steel Seamless steel
3/8 (9.5) 0.016 (0.41) 500 (3.45) 600 (4.14) 1000 (6.90)
or smaller
1/2 (12.7) 0.016 (0.41) 400 (2.76) 480 (3.31) 800 (5.52)
5/8 (15.9) 0.016 (0.41) 320 (2.21) 384 (2.65) 640 (4.42)
5/8 (15.9) 0.021 (0.53) 420 (2.90) 504 (3.48) 840 (5.80)
3/4 (19.0) 0.021 0.53) 360 (2.48) 432 (2.98) 720 @90
3/4 (19.0) 0.025 0.64) 420 (2.90) 504 (3.48) 840 (5.80)
1 (25.4) 0.021 0.53) 260 (1.79) 312 (2.15) 520 (3.59)
1 (25.4) 0.025 0.64) 320 (2.21) 384 (2.65) 640 (4.42)

41.2 Pressure relief means

41.2.1 A partin which pressure night be generated by an external fire shall be providedWwith a means of

safely relieving pressure such as
nonmetallic tubing, or other equiva

41.2.2 There shall be no shut-g
intended to protect.

41.3 Pressure relief devices

41.3.1 A vessel having an inside
steam pressure generated or store

41.3.2 A gasket shall not be used

a pressure-relief device (see 41.3.6) a fusible plag;,“a soldered joint,
ent pressure-relief means.

ff valve between the pressure-relief means and the parts that it is

minor dimension of more than 3 inches (76 mm) and subject to air or
H within the appliance shallbe protected by a pressure-relief device.

as the pressure-relief'device required by 41.3.1.

41.3.3 Each pressure relief valvg shall be set\tofunction at a pressure no greater than the maximum

allowable working pressure marke]
76, Start-to-Discharge Test.

d on anypart of the protected system, where applicable. See Section

Exception: The Start-to-Discharge

Test'is not required when the device bears the ASME code inspection

symbol. In this case, the marked o

erating pressure 15 the pressure Setting of the device.

41.3.4 A pressure-relief device shall comply with all of the following:

a) Be connected as close
intended to protect;

as possible to the pressure vessel or parts of the system that it is

b) Be installed so that it is readily accessible for inspection and repair and cannot be readily

rendered inoperative;

c) Have its discharge opening located and directed so that:

1) The risk of scalding is reduced to an acceptable degree; and

2) Operation of the device does not result in the deposit of moisture on bare live parts or on
insulation or components detrimentally affected by moisture.
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d) Have a discharge rate

adequate to relieve the pressure as determined by the Relief Device

Maximum Pressure Test, Section 77.

Exception: A relief device that is stamped "ASME" and can be clearly shown by ASME calculations

to have the flow capacity

and relief pressure sufficient for the application is not required to be

tested in accordance with the Relief Device Maximum Pressure Test, Section 77.

41.3.5 A pressure-relief device h

aving an adjustable setting is to be judged on the basis of its maximum

setting unless the adjusting means is sealed at a lower setting.

41.3.6 A pressure-relief device is evaluated as a pressure-actuated valve or rupture member designed to
relieve excessive pressures automatically.

41.4 Pressure Controls

41.4.1 A pressure control is req
pressure relief device setting u
Temperature Test. The control, i
Controls Endurance Test, Section

Exception No. 1: A pressure con
Controls Endurance Test, if the sy
operate below 90 percent or less d

Exception No. 2: The Pressurs
conditions are met:

a) The control complies wj
the same environment. Se¢

b) A separate limiting devi
setting (See Section 76,
control shall comply with th
environment. See 27.3 and

Exception No. 3: The Pressure C
the pressure in the vessel meets
100,000 cycles endurance in acco

ired to regulate the pressure in the vessel to 90 percent or less of the
der all conditions of operation as defined by Section 50, Normal
cluding pressure sensing means, shall be subjected to the\Pressure
78.

frol is not required to be tested in accordance to Seetion 78, Pressure
stem demonstrates during the Normal Temperature) Test, Section 50, to
f the pressure relief device setting.

Controls Endurance Test is not required“when all of the following

th the endurance requirements fona temperature-regulating control in
b 27.3 and 27.4; and

e is provided that limits the pressure to 90% or less of the relief-device
tart-to Discharge Test) under all intended conditions of operation. This
e endurance requireménts for a temperature-limiting control in the same
27.4.

bntrols Endurance Test is not required when the control used to regulate
the requirements for Limit Controls, UL 353 or has been evaluated for
rdance Wwith the requirements for Industrial Control Equipment, UL 508.

42 Stability

421
locks for the wheels, a floor lock, o

An appliance equipped with wheels, casters, or the like shall have at least two manually operated

r the equivalent.

42.2 A drawer shall have a means, such as a mechanical stop, to prevent inadvertent removal of the
drawer from its frame, when inadvertent removal could result in a risk of injury to persons.

Exception: A grease drawer having a dimension more than 12 inches (305 mm) from front to back is not

required have a mechanical stop.
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43 Surface Mounted Appliances
43.1 General

43.1.1 These requirements for surface mounted units apply to appliances that are normally installed on a
counter but have an option to be mounted to a wall or to a similar structural surface.

43.1.2 An appliance that can be mounted to a wall or under a cabinet or shelf shall comply with 43.2,
43.3, Section 64, Mounting Means Test, and shall be provided with installation instructions in accordance
with 91.10.

Exception No. 1: An appliance either designed only for wall mounting or marked for wall mountingonly in

accordance with 88.13 is not requited to comply with 43.3.

Exception No. 2: An appliance eitRer designed only for under cabinet or shelf mounting or marked as such
in accordance with 88.13 is not required to comply with 43.2, Section 64, Mounting Means Test, or 91.40.

43.2 Wall mounting

43.2.1 In determining compliancg with the requirements of this section, the weight of the, appliance shall
be determined by weighing the complete appliance with the exception of the mountingchardware. When a
shelf, bowl, hook or any means of $upport of any object is provided, the weight of the iftended object shall
be included.

43.2.2 A wall appliance shall comply with the conditions specified in Table 43.1.

Exception: A wall appliance is nof| prohibited from complying with the¢onditions applicable to a heavier
appliance.

Table 43.1
Mounting requirements
Maximum weight
Pounds (kg) Conditions
2-1/4 (1.0) (AorB)and (CorD)
4-1/4 (1.9) [(A or B) and D] or E
Greater than 4-1/4 (1.9) F

A — A wall-mounted appliance shall not projectmoretham 7=t2-mches (180 fromraftat verticatwattomrwhictr theapptiance s
mounted in the intended manner. The projection is to be measured to the farthest point on the lampholder with an adjustable lamp
adjusted to the position that gives the maximum projection from the wall.

B — The center of gravity of a wall-mounted appliance shall not be more than 3 inches (76.2 mm) from the vertical wall on which
the appliance is hung in the intended manner, the center of gravity being determined with any adjustment that gives a maximum
projection from the wall.

C — An appliance is provided with either a ring-hanger, keyhole slot(s), or notch(es).

D — An appliance is provided with mounting hardware consisting of at least two No. 6 Type A sheet metal screws of sufficient
length that the screws, when installed in the mounting holds, will penetrate the mounting surface by not less than 3/4 inch (19
mm).

E — An appliance is provided with mounting hardware consisting of at least two No. 10 — 24 machine screws with mating hollow-
wall anchors, or wing or expansion bolts. The screws shall be of sufficient length to permit the anchors, or wing or expansion bolts
to be installed through the mounting holes and a 3/4-inch (19-mm) thick wall.

F — An appliance is to be provided with mounting hardware that complies with the Mounting Means Test, Section 64.
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43.2.3 A wall appliance is not prohibited from being provided with a separable bracket used to secure the
appliance to a vertical mounting surface in accordance with 43.2.2.

43.2.4 The wall appliance shall comply with the requirements for Electrical and Fire Enclosures in
Section 8 and the requirements for Accessibility of Live Parts, Section 10, without dependence on the
intended mounting surface or any separable bracket.

43.2.5 When provided with a power supply cord, the cord shall exit the appliance from a surface other
than the one abutting the vertical wall.

43.3 Under cabinet units

43.3.1 An appliance intended to |pbe mounted under a cabinet, shelf, or similar structural surface shall be
provided with means for mountingfand instructions in accordance with 43.2 and 91.10 except as follows:

a) Only Conditions C and F from Table 43.1 are applicable. The keyhole slots in Condition C are
capable of being opened td facilitate mounting in place and tightening of mounting screws.

b) Each term "wall mounted appliance" shall be replaced with "under cabinet mounted.appliance"
and each term "vertical" that references the mounting surface shall be replaced with/*horizontal" in
Subsection 43.2 and Sectign 64, Mounting Means Test.

c) The Exception to 64.2 dges not apply and the surface mounted instructions'in 91.10 shall specify
the intended mounting surface.

d) The weight specified in 64.3 is to be applied to the point most\ikely to cause unacceptable
results.

44 Gas-Tube Signs

441 A gas-tube sign (for exanpple, neon) employed as_part of an appliance shall comply with the
requirements in the Standard for Hlectric Signs, UL 48.

PERFORMANCE - COMPLETE APPLIANCE
45 General

451 The performance of an appliance_shall be investigated by subjecting the required number of
samples to all the applicable tests|described in Sections 46 — 65. Insofar as is practical, the tests shall be
conducted in the order in which th¢y.are presented.

45.2 An appliance intended for operation on direct current as well as on alternating current is to be tested
with a direct current supply. An appliance intended for operation at more than one frequency is to be tested
at the most adverse frequency. Where the most adverse frequency is not obvious, more than one test may
be needed.

Exception: When an appliance contains components that are not affected by changes in frequency, these
components are not prohibited from being energized at any convenient rated frequency during the tests.

45.3 When a pressure gauge is required, it is to be attached so as to prevent leakage. Special fittings for
direct connection to the system or commercial tubing or pipe may be employed for gauge connections.
Volume of the pressure-measuring gauge and lines shall be held to a minimum relative to pressure vessel
size.
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454 Unless otherwise specified, the test voltage is to be the higher of the following:

a) The marked voltage ratin

b) The highest voltage of

g;or

the applicable range of voltages specified in 83.3 when the marked

voltage is within one of the voltage ranges specified in 83.3.

45.5 Appliances containing parts
case condition (i.e., with or without

that are removable without the use of tools are to be tested in the worst
the removable part).

Exception: When the appliance is marked in accordance with 85.7, the removable part is to be secured in
place during the Normal Temperature Test, Section 50.

46 Leakage Current Test

46.1 A cord-connected appliance

rated for a nominal 250-volt or less single phase supply shall be tested

in accordance with 46.2 — 46.9. Legkage current shall not be more than:

a) 0.5 MIU for a three-wir
appliance; and

b) 0.75 MIU for a three-wire
1) Employing a stan

2) Intended to be fag

Exception No. 1: The leakage curm
monitored during heat-up and c
exceeding 5 minutes during heat-
leakage current limit of 0.5 MIU or
the leakage current shall be not md

Exception No. 2: Conductive parts
that have a leakage current gre
simultaneously accessible parts to
current between simultaneously ac

1) The appliance requires ¢
with other requirements, su

e (including grounding conductor) cord-and plug-connected‘portable

(including grounding conductor) cord- and plug-connécted appliance:
jard attachment plug rated 20 amperes or less; and

tened in place or located in a dedicated space.

ent of an appliance incorporating a sheéath type heating element is to be
pol-down. The maximum allowablg“leakage current for periods not
Lip and not exceeding 5 minuteS_during cool-down, after reaching the
0.75 MIU, as applicable, is 2\6. MIU. For all other periods of operation,
re than the 0.5 MIU or 0.Z6:MIU limit, as applicable.

of an appliance that.comply with the following conditions (1) — (4) and
hter than specified)’in (a) or (b) shall have a leakage current from
the grounded 'supply conductor no greater than 3.5 MIU. The leakage
cessible parts 'shall not exceed 0.5 MIU.

blectromagnetic interference (EMI) suppression filtering for compliance
Ch as kederal Communications Commission (FCC) Regulations;

2) There is a low probabilit
environment. If the availa
probability that the user will

thata pattrforavaitablecurrent througtthe body exists i the expected
ble current flows to ground, this will involve consideration of the
be grounded during the use of the product;

3) There is a low probability that high leakage conductive parts will be contacted during normal use

of the appliance; and

4) The probability of injury resulting from an involuntary reaction is small.

Exception No. 3: For an appliance that upon loss of grounding, dependably disconnects all sources that
can produce leakage current, the leakage current to ground shall not exceed 5 MIU with the grounding
conductor open and with the loss-of-grounding circuit disabled. The leakage current between
simultaneously accessible parts on the appliance shall not be more than 5 MIU.
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46.2 All accessible conductive parts are to be tested for leakage currents. Leakage currents from these
parts are to be measured to the grounded supply conductor individually as well as collectively when
simultaneously accessible, and from one part to another when simultaneously accessible. A part is
determined to be accessible unless it is guarded by an enclosure that is intended for protection against the
risk of electric shock as defined in Section 10, Accessibility of Live Parts. Conductive parts are determined
to be simultaneously accessible when they can be readily contacted by one or both hands of a person at
the same time. These measurements do not apply to terminals operating at voltages that do not involve a
risk of electric shock. When all accessible conductive parts are bonded together and connected to the
grounding conductor of the power-supply cord, the leakage current is to be measured between the
grounding conductor of the product and the grounded supply conductor.

46.3 When a conductive part other than metal is used for an enclosure or part of an enclosure, leakage
current is to be measured using § metar Toil wi
contact with the surface. When theé conductive surface has an area less than 10 by 20 centlmeters (3.9 by
7.9 inches), the metal foil is to be the same size as the surface. The metal foil is to conform to the shape of
the surface but is not to remain in place long enough to affect the temperature of the product.

46.4 An appliance employing water or other liquid is to be tested with a hard water solution of 0.5 grams
of calcium sulphate (CaSo,) per liter of distilled water (0.07 ounces CaSo, per gallon of distilled\water).

Exception: The composition of the water solution is not specified when it is determined by engineering
evaluation that the leakage currenf will not be affected.

46.5 Typical measurement circuits for leakage current with the ground connection open are illustrated in
Figure 46.1. The measurement finstrument is defined in Figure 46.2. TheéZmeter that is used for a
measurement is only required to indicate the same numerical value for a particular measurement as would
the defined instrument; it is not flequired to have all the attributes of-the defined instrument. Over the
frequency range 20 Hz to 1 MHz|with sinusoidal currents, the perforinance of the instrument is to be as
follows:

a) The measured ratio V1/|1 with sinusoidal voltages.is.io be as close as feasible to the ratio V1/I1
calculated with the resistahce and capacitance values of the measurement instrument shown in

Figure 46.2.

b) The measured ratio V3/|1 with sinusoidal‘voltages is to be as close as feasible to the ratio V3/I1
calculated with the resistapce and capacitance values of the measurement instrument shown in
Figure 46.2. V3 is to be neasured by-the meter M in the measuring instrument. The reading of
meter M in RMS volts can be converted to MIU by dividing the reading by 500 ohms and then
multiplying the quotient by [1,000:-The mathematic equivalent is to simply multiply the RMS voltage
reading by 2.

46.6 Unless the measurement instrument is being used to measure leakage current from one part of an
appliance to another, it is to be connected between accessible parts and the grounding and supply
conductor connected to ground (the grounded or grounding conductor) that has the least extraneous
voltages introduced from other equipment operated on the same supply. For products rated 120 volts or
240 volts, with one supply conductor grounded, this is likely to be the grounded supply conductor.

46.7 Prior to the test specified in 46.8, an appliance utilizing one or more sheathed heating elements is to
be conditioned for 24 hours in a chamber having a temperature of 30 +5°C (86 +9°F) and a relative
humidity of 50 +5 percent, followed by conditioning for 48 hours in a chamber having a temperature of 30
1+5°C (86 £9°F), and a relative humidity of 90 £5 percent. The test in 46.8 is to be conducted as soon as is
practical after the conditioning, but in no case more than 24 hours after the appliance is removed from the
conditioning chamber.
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Exception No. 1: The entire appliance is not required to be conditioned if the sheathed heating elements
are removed from the appliance and conditioned as stated. The elements are to be re-installed in the
appliance before the test is conducted.

Exception No. 2: The conditioning is not required if all sheathed heating elements in the appliance comply
with the requirements of the Resistance to Moisture Test in the Standard for Sheathed Heating Elements,
UL 1030.

46.8 A sample of the appliance, conditioned as specified in 46.7, where required, 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 is to be as folloys, with reference to the measurement circuit shown in Figure 46.1:

a) With switch S1 open, tHe appliance is to be connected to the measurement circuit. Leakage
current is to be measured|using both positions of switch S2, and with the appliance switching
devices in all their normal operating positions.

b) Switch S1 is then to be dlosed, energizing the appliance. Within 5 seconds, the leakage current
is to be measured using Roth positions of switch S2 and with the appliance pfoduct switching
devices in all their normal operating positions.

c) Leakage current is to be|monitored until thermal stabilization. Both positions of switch S2 are to
be used in determining this measurement. Thermal stabilization is to be obtained by operation as in
the normal temperature test.

d) The leakage current is |also to be monitored with switch S4 open while the appliance is at
operating temperature and yhile cooling.

46.9 A sample is to be subjected to the entire leakage current test, as specified in 46.8, without
interruption for other tests.

Exception: With the concurrence of those concerned, the leakage current test is not prohibited from being
interrupted to conduct other nondestructive tests.
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Figure 46.1

Typical leakage-current measurement circuits

MEASUREMENT
INSTRUMENT

PRODUCT

T <3
120V or 240V (V)

—L<n—>—o/
S1 OPEN 3 ; \ INSULATING
TABLE

GROUNDED SUPPLY CONDUCTOR B
Equipment intended for connection to a 120—volt or an end—grounded 2—wire, 240—volt power supply
(see note C)
MEASUREMENT
INSTRUMENT
— PRODUCT
T 120V A
208V o 240V <+—— @: —
‘ 120V
=
St % INSULATING
—— TABLE
GROUNDED SUIPPLY CONDUCTOR B

Equipment intended for cofgnection to a 2—wire grounded—neutral 208<volt or 240—volt power supply
(see note C)

MEASUREMENT

O

PRODUCT

To X

GND
/ OPEN INSTRUMENT

® 2
208V or 240V st L @: Sa.
‘ m; ]
= 'Lo/ oJ'_é
q INSULATING
L TABLE

5\

GROUNDED SUPPLYVCONDUCTOR

Equipment intended for connection to a 3—wire grounded—neutral 208—volt or Z40—volt power supply

A — Probe with shielded lead.
B — Separated and used as clip when measuring currents from one part of equipment to another.

C — Equipment intended for connection to a 2—wire 240—volt power supply is to be tested
assuming that the product will be connected to an end—grounded supply (top circuit, above),
unless the product is marked in accordance with paragraph 86.11 of UL 197, in which case it

LC100T is to be tested for connection to a grounded—neutral supply (middle circuit, above).
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Figure 46.2

Measurement instrument for reaction (leakage) current

[1 —

(o,
1 0.22
1500 - F
Q M
10K Q
\ 1 VAVAVAVAV. ‘
500 \/2 0.022 —— \/3
0 KwE
c |
S3263B

Note — Detailed specifications and guidange for the calibration of this instrument are given in\the-American National Standard for
Leakage Current for Appliances, ANSI C101.

47 Power Input Test

47.1 The power or current input fo an appliance shall not differ~from the marked rating by more than +5
or -10 percent, when the appliancelis connected to a supplyofirated frequency and voltage. See 83.8.

47.2 To determine whether an agpliance complies with‘the requirement in 47.1, the power input is to be
measured with the appliance at the intended operating temperature under full-load conditions and while
connected to a power-supply circuit of rated voltage and frequency. An appliance rated for a voltage
range, such as 110 — 120 volts, is tp be testedhatthe mean of the range.

47.3 In addition to the test requjred by-47.1 and 47.2, the following tests are to be conducted when
applicable. Provisions for connectjon‘\te’the source of supply are to be evaluated based upon the rated

input current or power, or upon the—input-etrrent-or-powermeastred—during—these—tests—whicheveris
higher. See 16.3.2, 17.1.4, and 28.1.4.

a) When the marked voltage rating of an appliance falls within a voltage range mentioned in 83.3,
the input is to be determined at the maximum voltage of the range.

b) When an appliance is rated in watts only, and not in amps, the current input to the appliance is to
be measured with the voltage adjusted to cause the appliance to operate at rated wattage.

47.4 The power input to an appliance that employs a nonmetallic heating element, such as carbon, is to
be determined when the element is new — that is, when it is first subjected to heat.

47.5 When an appliance incorporates a receptacle connected to the same electrical source as that
supplying the appliance, which is not intended as a disconnecting means for any part of the appliance, and
which is capable of being used as a general-use receptacle, the added load that the receptacle imposes
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on the appliance — 80 percent of the current rating of the receptacle — and its supply connection shall be
taken into consideration when conducting the tests in 47.1 — 47.4.

Exception: When the receptacle is marked for a specific load in accordance with 86.15, the marked load is
to be used in calculating the total power or current input.

48 Input Averaging Test

48.1 This test is to be conducted when required by 28.1.4 or the Exception to 17.1.4. When tested as
indicated in (a) and (b) for a minimum of 3 hours, the time weighted average input shall not exceed 80
percent of the anticipated branch circuit protected device in accordance with 28.1.3 and 28.1.5. The
supply voltage shall be as specified in 47.3. General use receptacles shall be loaded as described in 47.5.

The appliance is to be operated in a no-load condition or with the intended food load, whichever results in
the maximum average current drajv. When a food load is used, the food is to be replaced and the cooking
cycle repeated as intended througpout the test period.

a) When the appliance is|designed for a specific operation which requires the appliance. 10 be
energized and deenergized, and this operation has an inherent human limitation of cycle.time, that
cycle time shall be used foi this test.

b) When the appliance is limited to a duty cycle by a controller, the test is to be cognducted with the

controller adjusted to thg most severe operating conditions available using) user adjustable
controls.

49 Short-Circuit Tests

49.1 Devices and conductors referenced in Exception No. 2 to 28.5.3.2:shall withstand short circuit and
ground fault conditions when protgcted by:

a) A device that is acceptalple for branch circuit protection and is located in the heater, or

b) A branch circuit overcurrent protective device ofthe type and maximum rating specified on the
heater nameplate. There shall be no damage to the conductor or its termination, no ignition of the
cheesecloth surrounding the enclosure housing the components under test, and no arc-over
between line- and low-voltgge circuits.

49.2 For the purpose of these tegts:

a) Circuit breakers and fus¢s are.hot’considered to be interchangeable;

b) Fuses of the same rating are considered to be interchangeable;

c) HACR type circuit breakers of the same rating are considered to be interchangeable; and

d) Circuit breakers of other than the HACR type are not considered to be interchangeable with
each other or with HACR type circuit breakers.

49.3 Each device and each conductor is to be connected in a circuit having a minimum capacity based
on the maximum rated current and voltage of the heater in accordance with Table 49.1. Each concurrent
load condition is to be considered separately, and the maximum resulting current employed as the basis of
selection of the capacity of the test circuit. The voltage source for the test circuit is to be an alternating
voltage and the circuit capacity is to be measured without the devices or the conductors in the circuit.
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Table 49.1
Short-circuit test currents
Product ratings, amperes
Single phase Circuit capacity
110-120 V 200-208 V 220-240V 254 -277V amperes
9.8 or less 5.4 orless 49orless - 200
9.9-16.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
[ SPiase Circuit capacity
200 -208 V 220 -24QV 440 - 480V 550 — 600 V amperes
2.12 or less 2.0orlegs - - 200
213-3.7 21-3.4 1.8 orless 1.4 orless 1000
3.8-9.5 3.6-9. - - 2000
9.6-23.3 9.1-22p - - 3500
Over 23.3 Over 22.p Over 1.8 Over 1.4 5000

494 Three samples of each copductor are to be subjected to each test condition{ A*new protective

device is to be used for each test

fault conditions.

ondition. Consideration is to be given to both short-circuit and ground-

50 Normal Temperature Test
50.1 General

50.1.1 When an appliance is test
not adversely affect any materials
those specified in Table 50.1 at any

Exception: A short length of flexib
the cord, such as at terminals, but
the mechanical properties of the

dielectric strength and temperatu
protects the conductor insulation ag

50.1.2 When evaluating compon

bd in accordance with 50.4 and 50.5, the temperature at any point shall
employed in the appliancé, and temperature rises shall not exceed
time during the test.

e cord exposed to-a-temperature higher than the temperature rating of
not in a strain felief or similar location where dependence is placed on
insulation, is\acceptable if supplementary heat-resistant insulation of
re rating 4s-employed on the individual conductors of the cord that
hainst deterioration.

ents and wiring in secondary circuits, the requirements in 34.2 shall

apply. When any component exceeds 121°C (250°F), see 34.1.5.
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Maximum acceptable temperature rises

Table 50.1

Degrees
Materials and components °C (°F)
1. Any point within a terminal box or wiring compartment of a permanently connected
appliance in which field-installed conductors are to be connected, including such
conductors themselves, unless the appliance is marked in accordance with 64.3. 35 (63)
2. Any point on a surface adjacent to an appliance, including the surface on which the 65 (117)
appliance is mounted®®
3. Fuses® 65 (17)
4, Vulcanized fiber used as electrical insulation or as a cord bushing 65 (17
5. Wood or other combustible materfal. 65 (117)
6. Class 105(A) insulation systems gn windings of a relay or a solenoid:
Thermocouple method 65¢ (1179
Resistance method 85 (158)
7. Class 105(A) insulation systems gn transformers:
Thermocouple method 65 (117)
Resistance method 75 (135)
8. Class 105(A) insulation systems gn a vibrator — coil — thermocouple or resistence 75 (135)
method.
9. Class 105(A) insulation systems dn coil windings of an a-c motor having a frame
diameter of more than 7 inches (18 mm)® and of d-c and a universal motor":
A. In an open motor:
Thermocouple method 65¢ (1179
Resistance method 75 (135)
B. In a totally enclosed motor:
Thermocouple method 70¢ (1269
Resistance method 80 (144)
10. Class 105(A) insulation systems dn coil windings of an a-c metor — not including a
universal motor — having a frame fliameter of 7 inches (#78\mm)°or less —
thermocouple or resistence methgd:
A. In an open motor 75¢ (1359)
B. In a totally enclosed motor 80 (144)
11. Class (130)B insulation systems dn coils-of\relays, solenoids or transformers:
Thermocouple method 85¢ (1539
Resistance method T05 (189)
12. Class 130(B) insulation systems on a vibrator coil — themocouple or resistance 95 (171)
method.
13. Class 130(B) insulation systems on coil windings of an a-c motor having a frame
diameter of more than 7 inches (178 mm)® and of a d-c and a universal motor®
A. In an open motor:
Thermocouple method 85¢ (1539)
Resistance method 95 (171)
B. In a totally enclosed motor:
Thermocouple method 90 (162)
Resistance method 100 (180)

Table 50.1 Continued on Next Page
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Table 50.1 Continued
Degrees
Materials and components °C (°F)
14. Class 130(B) insulation systems on coil windings of an a-c motor — not including
universal motor — having a frame diameter of 7 inches (178 mm)® or less —
thermocouple or resistance method:
A. In an open motor 95¢ (1719
B. In a totally enclosed motor 100 (180)
15. Class 155(F) insulation system on coil windings of an ac motor having a frame
diameter of 7 inches (178 mm)® or less (not including a universal motor) —
thermocouple or resistance method:
A. In an open motor 120¢ (2169
B. In a totally enclosed motor 125 (225)
16. Class (155)F insulation systems o coils of relays, solenoids or transformers
Thermocouple method 110 (198).
Resistance method 120 (216)
17. Class 180(H) insulation system on|coil windings of an ac motor having a frame
diameter of 7 inches (178 mm)® orfess (not including a universal motor) —
thermocouple or resistance methofi:
A. In an open motor 135¢ (2439
B. In a totally enclosed motor 140 (252)
18. Class (180)H insulation systems o coils of relays, solenoids or transformers
Thermocouple method 125 (225)
Resistance method 135 (243)
19. Phenolic composition employed ag electrical insulation or relied upon to preventa 125 (225)
hazardous condition?.
20. A copper conductor (bare or insulgted) without a nickel coating or similat-protection. 125 (225)
21. Termination of a copper conductor|and a pressure terminal connectorwithout a nickel 125 (225)
coating or other similar protection.
22. Insulated wire or cord 25°C (77°F) less than its
temperature rating
23. Sealing compound 40°C (104°F) less than its melting
point
24. On the surface of a capacitor casir|g:
Electrolytic 40 (75"
Other types 65" (117M
25.  Silicon components' 75 (135)
26. At any point on the inside surfaces of a storage cabinet or drawer. 65 (1179
27. Any component or material not specifically identified in 1 — 26 k k

@ The surface on which a floor-mounted, permanently connected appliance is mounted may have a maximum temperature of
125°C (225°F) if the appliance is marked as specified in 88.10, and if the manufacturer's base specified in that paragraph is
acceptable for the purpose and available with the appliance.

® This temperature limit does not apply to surfaces, including the supporting surface, surrounding a stationary appliance marked

as specified in 88.12. This temperature limit does not apply to the supporting surface of a floor-mounted, permanently connected,
fixed oven employing roll-in racks and/or using the floor to complete the oven cavity when the appliance is marked in accordance
with 88.11.

¢ A fuse that has been investigated and found acceptable for use at a higher temperature may be used at that temperature.

Table 50.1 Continued on Next Page
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Table 50.1 Continued

Materials and components

Degrees

°C (oF)

4 At a point on the surface of a coil where
by means of a thermocouple may be high

measured by the resistance method is not higher than the maximum specified.

the temperature is affected by an external source of heat, the temperature rise measured
er than the maximum specified by the following amount, if the temperature rise of the coil

¢ The diameter of the motor is the diametg
excluding lugs, fins, boxes, and the like u

to a motor shall not be higher than 65°C (

9 The limitation on phenolic does not appl
properties.

P A capacitor that operates at a temperatd
limit.

" Does not apply to a component that has
I Temperatures on a surface marked in ac

K The maximum acceptable temperature 1
25°C.

ltems Additional Temperature Rise
7and 10(A)  15°C (27°F)
11(A)and 10  5°C (9°F)
14(A) 20°C (36°F)
15(A)and 16  10°C (18°F)

fThe temperature rise on insulating matefiial integral with the enclosure of an electrolytic capacitor that is integral with or attached

r, measured in the plane of the laminations, of the circle circumscribing the stator frame,
ed solely for motor mounting, cooling, assembly, or connection.

17°F).

to a compound that has been investigated and found to have acceptable heat-resistant

re rise of more than 65°C (117°F) may be judged on the basis of its marked temperature

been rated by the component manufacturer for a higher temperatufe:
Cordance with 85.5 are not required to be limited to this temperatdre.
se of any component shall not exceed the temperature limit'of.the component minus

50.1.3 All values in the table are

based on an assumed ambient temperature of 25°C (77°F), but a test

may be conducted at any ambient temperature within the range of 1@)— 40°C (50 — 104°F). When the

operation of an automatic therma
temperature higher than 25°C (77

50.1.4 When an appliance is int
tilting frying pan or a popcorn m
equilibrium shall not exceed 315°C

50.1.5 During the tests describeq

50.1.6 A thermal- or overcurrent
described in 50.5.6 — 50.5.10.

]

| control during the test limits the temperatures under observation, no
F) plus the specified maximum rise is acceptable.

nded for use with more(than a thin film of oil or grease (for example, a
chine), the maximum’ temperature on the cooking surface at thermal
(599°F).

in 50.5, a température limiting control shall not function.

-protective device for a motor shall not open the circuit during the tests

50.2 Surface temperatures

50.2.1 During the temperature test, the temperature of a surface that is contacted by the user shall not
be more than the value specified in Table 50.2. The results of a test that is conducted at a room
temperature of other than 25°C (77°F) are to be corrected to 25°C.

Exception No. 1. The temperature of a surface marked in accordance with 85.2 is not prohibited from
exceeding the values specified in Table 50.2.

Exception No. 2: This requirement does not apply to a surface that, because of its location, is known to be
hot. Examples of such surfaces are a handle of a deep-fat fryer kettle, a handle of a broiler drawer, and the
horizontal surface of a cooktop containing surface-cooking units.
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Table 50.2
Maximum surface temperatures
Composition of surface®
Metallic Nonmetallic

Location or type of surface °C (°F) °C (°F)
Handle or knob grasped for lifting, carrying, or 50 (122) 60 (140)
holding
Handle or knob contacted, but not involving lifting, 60 (140) 85 (185)
carrying, or holding; other surfaces subject to
contact in operation and user maintenance
External surfaces other than as noted above 70 (158) 95 (203)
@ A material, other than metal, that is platefl or clad with metal having a thickness of 0.005 inch (0.13 mm) or less is judged as a
nonmetallic part.

50.3 Test equipment

50.3.1 Supply conductors used f
shall have an ampacity of at lea
accordance with the Power Input ]

br the normal temperature test of a permanently connected appliance
5t 125 percent of the current input of the appliance when tested in
[est, 47.3, and shall have a temperature rating in accordance with the

temperature marking on the appliapce. See 16.3.4, and 88.3 — 88.5.

50.3.2 Temperatures are to be
thermocouples are to consist of w
(0.05 mm?). The thermocouples a
accordance with good laboratory
specified in the Tolerances on

Specification and Temperature-E
ANSI/ASTM E230/E230M.

50.3.3 Whenever referee tempe

measured by thermocouples except as indicated in 50.3.7. The
res not larger than 24 AWG (0.21 mm?) and;not smaller than 30 AWG
hd related instruments are to be accurafé and are to be calibrated in
practice. The thermocouple wire is tosconform with the requirements
nitial Values of EMF versus Temperature tables in the Standard
ectromotive Force (emf) Tables for Standardized Thermocouples,

ature measurements afe jhecessary, thermocouples consisting of 30

AWG (0.05 mm?) iron and constantan wires and a potentiometer-type indicating instrument are to be used.

50.3.4 A thermocouple junction g
contact with the surface of the i

nd adjacent thermocouple lead wire are to be securely held in thermal
aterial the témperature of which is being measured. In most cases,

thermal contact results from secyrely taping_or cementing the thermocouple in place; when a metal

surface is involved, brazing, solder,

50.3.5 The temperature of a coil

ng, or welding the thermocouple to the metal may be necessary.

or winding is to be measured by means of thermocouples applied at

points accessible to a mercury bul

0 thermometer. Vvhen determining the accessibility of the various parts

of a coil, the enclosure is to be disregarded. This limitation on thermocouple location is intended to prevent
insertion of the thermocouple into cracks of the coil assembly.

50.3.6 For the thermocouple-measured temperature of a coil of an alternating-current motor — other than
a universal motor — having a frame diameter of 7 inches (178 mm) or less, item 10 in Table 50.1, the
thermocouple is to be mounted on the integrally applied insulation of the conductor.

50.3.7 When the caoil is inaccessible for mounting thermocouples — for example, an encapsulated coil or
when the coil wrap includes thermal insulation or more than 1/32 inch (0.8 mm) of cotton, paper, rayon, or
similar insulation — the change-of-resistance method is to be used.

50.3.8 When using the change-of-resistance method, the windings are to be at room temperature at the
start of the test. The temperature rise of a winding is to be calculated from the formula:
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in which:

AT

R
e+ 1)~ (k1)

t is the temperature rise in °C,

R is resistance of the coil at the end of the test in ohms,

r is resistance of the coil at

the beginning of the test in ohms,

t; is room temperature at the beginning of the test in °C,

t, is room temperature at th

k = 234.5 for copper, 225.(
for other grades must be dé

50.3.9 When measuring the tem
lamp or infrared food warmer, the
heat source. When a coil wrap is
measured by means of a thermoc

50.4 Procedure

50.4.1 To determine whether an
to be mounted or supported as

e end of the test in °C, and

for electrical conductor grade (EC) aluminum. Values of the constant'k
bfermined.

perature of a surface exposed to a radiant heat source, such.as’ a heat
thermocouple bead is to be shielded from direct exposure %o the radiant
exposed to a radiant heat source, the temperature of the' coil is to be
uple on the integral insulation of the coil conductors.

appliance complies with the temperature réquirements, the appliance is
n actual service and tested under conditions approximating those of

normal operation. Temperatures are to be measured on nearby surfages, on the supporting surface, at

points of support, and at other poir

50.4.2 Except as specified in 50

ts as required.

4.4, 50.4.6 and 50.4.8, a_cord-connected appliance is to be supported

on a horizontal, softwood surface
angle of 90 degrees (test corner)
thick (trade size) plywood, having
beyond the physical limits of the
test corner as its construction per
An appliance of pass through co
(such as a conveyor pizza oven
along each closed side of the app
as horizontal warming shelves or

covered with two layers ©f white tissue paper. It is to be placed in a wall
formed by two black-painted, vertical surfaces of a minimum 3/8-inch
width and height_such that they extend not less than 2 feet (610 mm)

its and it is to be located so that maximum heating of the walls occurs.
struction,the' intended function of which requires access to two sides
pr slanted sandwich chute), is to be installed between two walls, one
iance=~An appliance that may be accessed from one or two sides (such
Display cases) without defeating the intended operation of the appliance

ippliance. The appliance is to be located as closely to the sides of the

is to be tested in an alcove or two

valfconstruction which ever is worse case

50.4.3 A permanently connected appliance that is designed to rest on a horizontal surface, such as a
floor, bench, or shelf, in normal service is to be tested as described in 50.4.2.

Exception: A permanently conne

cted appliance that weighs, with all accessories that are removable

without the use of tools removed, 80 pounds (36 kg) or more; is not provided with casters; and is marked in

accordance with 86.5 or 86.6 is to

50.4.4 An appliance intended to

be spaced away from the test corner in accordance with the marking.

be built-in and an appliance intended to be mounted to a wall or under a

cabinet or shelf (see Section 43, Surface Mounted Units) is to be placed in a test enclosure representative
of the intended installation. The test enclosure is to be constructed of minimum 3/8 inch (trade size) thick
plywood. Internal surfaces and other surfaces exposed to the appliance are to be painted flat black. The
appliance is to be mounted at the minimum clearances allowed by the appliance construction.



https://ulnorm.com/api/?name=UL 197 2023.pdf

114 UL 197 APRIL 7, 2023

Exception: An appliance that is intended to be rigidly mounted so that the clearance between it and
adjacent surfaces is not likely to change during use or user servicing, and that is marked in accordance
with 86.5 or 86.6, is to be mounted in the test enclosure with clearances as specified in the marking.

50.4.5 An appliance intended for permanent connection to the source of supply and for use in
arrangements that involve horizontally or vertically adjacent installation of equipment is to be tested to
represent such installation. The various appliances and arrangements are to be considered and tests are
to include combinations judged to produce the highest temperatures within the equipment, on the adjacent
alcove walls, and on the supporting surface. Additional tests may be required to cover various possible
configurations. Except as specified in 50.4.6 and 50.4.8, surfaces surrounding the equipment are to be

constructed of a minimum trade siz

e 3/8-inch thick black-painted plywood. See 91.2.

50.4.6 Except as specified in 5
noncombustible surroundings, ses
combustible surfaces, see 86.5 an
test corner or test enclosure is to
("drywall") complying with the Starn
UL 723. The gypsum wall board is
test enclosure as the construction
50.4.4, in which case the clearancs

Exception: When all involved partig

50.4.7 An appliance that heats

installation only in noncombustibl
combustible and noncombustible 3
except that the test corner or test e

).4.7, a stationary or fixed appliance marked for installation only in
88.12, or marked with different clearances to combustible and non-
d 86.6, is to be tested as specified in 50.4.2 — 50.4.5, except that the
be constructed of 5/8-inch trade size fire-retardant gypsum wallboard
dard for Test for Surface Burning Characteristics of Building Materials,
to be painted flat black. The appliance is to be located as close to the
permits, unless the appliance complies with the Exception to 50.4.3 or
s specified for noncombustible surrounding surfaces are to\be used.

s agree, plywood is to be used instead of the gypsumwallboard.

food external to the appliance using radiant<heat and is marked for
b surroundings, see 88.12, or is marked with different clearances to
urroundings, see 86.5 and 86.6, is to be\tested as specified in 50.4.6
nclosure is to be constructed of commercial grade stainless steel with a

100 grit or smoother finish. The appliance shall be marked in accordance with 86.6.

Exception: An adjustable radiant-
surface, see 88.12, is to be teste
above, and marked in accordance

50.4.8 A stationary or fixed appl
than to combustible surroundings
clearances, and as specified in 50.4

50.4.9 An automatic temperature
out of the circuit, unless the conf

peat food warmer marked fot-installation only over a noncombustible
) in accordance with 50.5.23 over a stainless steel surface, as noted
ith 85.4 rather than 86.6.

ance marked with)lesser clearances to noncombustible surroundings
is to be testedas described in 50.4.2 — 50.4.5 at the combustible
1.6 at the nencombustible clearances.

regulating or -limiting control or other protective device is to be shunted
rol.has been shown, in accordance with 27.1 — 27.3, to be reliable,

rugged, and unlikely to be defeate

i by the user. The control is determined unlikely to be defeated when a

tool is required to gain access to the control, or a positive stop is incorporated in the control.

50.4.10 Unless otherwise specified in 50.5.6 — 50.5.10, temperature-regulating controls that are
adjustable are to be set for maximum temperatures.

50.4.11
50.1.5.

An adjustable temperatu

re limiting control is to be set for the minimum trip temperature. See

50.4.12 When an operating temperature is specified in 50.5, the temperature is the mean of the
maximum and minimum readings at thermal equilibrium.

50.4.13 To determine whether an

appliance complies with the requirements in 50.1.1, it is to be operated

continuously until constant temperatures have been reached.
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Exception: When an appliance is restricted to a duty cycle as specified in 48.1, that duty cycle is to be
used for this test.

50.4.14 Unless a particular test voltage is specified in 50.5.6 — 50.5.10, the test voltage is to be the
highest of the following:

a) The marked voltage rating;

b) The highest voltage of the applicable range of voltages specified in 83.3 when the marked
voltage is within one of the voltage ranges included in 83.3; or

c) The voltage necessary to cause the wattage input to the appliance to be equal to the wattage
rating marked on the applignce

Exception: The voltage applied to the motor of an appliance that employs a motor in addition to a
heating element is not to e more than 120 volts for an appliance rated 100 to 120 volts, and not
more than 240 volts for an gppliance rated 220 to 240 volts.

50.4.15 An appliance employing| a power supply cord having a plug configuration for a specific voltage
supply but rated for a different volfage (for example, an appliance rated 208 volts but employing-a 240 volt
power supply cord/plug) shall be subjected to the Abnormal Heating Test, outlined in 56:2.1, at both
voltages.

50.4.16 An attachment plug recgptacle that serves as a general-use outlet, see21.2, shall be loaded in
accordance with the anticipated Ipad. See 83.6. The accessory or accessories“that provide the heaviest
load are to be connected to a receptacle marked for use with an accessory or-accessories.

50.4.17 Feet, or any parts thereof, that are made of a material (not capable of withstanding the
temperature attained during the fest are to be removed for the temperature test. Metal studs or other
means used to retain the material gre not to be removed.

50.4.18 An appliance that is capgble of being either openrorclosed in actual service, such as a sandwich
toaster or grill, is to be tested both open and closed to- determine which condition produces the higher
operating temperatures.

50.4.19 Unless otherwise speciffed, an appliance’with a multiple speed conveyor is to be tested at both
low and high speeds.

50.5 Normal test conditions

50.5.1 In determining whether amapptiarce compties withtheTequirements—m 50—t —actuat—service
conditions or an approximation thereof are to be employed as described in 50.5.6 — 50.5.37. Any type of
appliance not covered in the specified test conditions is to be tested in any condition of actual normal use
as specified in the manufacturer’s literature.

50.5.2 Appliances specified in test conditions 50.5.8 — 50.5.10 is to be operated in a no-load condition or
with the intended food load, whichever results in the maximum temperature. When food load is used, the
food is replaced and the cooking cycle repeated as intended throughout the test period.

50.5.3 With reference to those tests outlined in 50.5.1 and 50.5.2, the tests are to be continued until
constant temperatures are attained, thermal equilibrium is determined to exist when three successive
readings, taken at intervals of 10 percent of the previously elapsed duration of the test indicate no change.
No interval is to be less than 5 minutes.
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50.5.4 When the design of an appliance is such that cooking or heating of a liquid is the determining
factor in the temperature obtained — for example, a coffee maker — the intended duty of the device is to be
taken into consideration. Normal operating conditions will not be obtained, however, when certain types of
appliances are operated continuously and in a dry condition.

50.5.5 Conditions for the performance of normal temperature tests for appliances of the common types
are specified in 50.5.6 — 50.5.10. All applicable test conditions are to be performed.

50.5.6 APPLIANCES WITH ADJUSTABLE PUMPS — An appliance with an adjustable pump is to be

operated with the pump set for maximum.

Exception: The pump is not prohibited from being operated at less than the maximum setting when:

a) The pump is not intendecli for user servicing as noted in the Exception to 10.1.6 and is marked in

accordance with 86.13; and

b) The pump is marked to i

50.5.7 APPLIANCES EMPLOYIN
than cooking oil, reservoir is to be

dicate the proper setting for normal operation.

G LIQUID RESERVOIRS — An appliance which employs a liquid, other
ested with the reservoir filled. Additional liquid is to be added when the

liquid level becomes lower than the half-full mark. The test is then to be repeated with the reservoir empty

(dry).

Exception No. 1: Dry operation is
level sensing device which deene

not required as a normal temperature test condition if a unit employs a
rgizes the heating element(s) when the water falls below the normal

operating level. The unit is to be tIsted while filled with water until the levelsensing device de-energizes

the heating elements. The level se

Exception No. 2: Dry operation is
level sensing device which autom
operating level. The level sensing d

50.5.8 BROILERS, CONVEYOR
set for maximum temperature. Grg
be 4 inches (102 mm) in diameter §
patties per square foot. Permanen
are to be followed when provided.

sing device shall be suitable for 30,000:¢ycles of operation.

not required as a normal temperature test condition if a unit employs a
atically fills the reservoir when the water level falls below the normal
evice shall be suitable for-30,000 cycles of operation.

— The conveyor broiler is to be operated continuously with all controls
und beef with a 30"percent fat content is to be used. The patties are to
nd 1/2 inch (12.7ymm) thick, and are to be spaced such that there are 4
tly marked .instructions (see 84.1) for adding water to a fat receptacle
The conveyor is to be set at the belt speed that results in the highest

temperatures, while cooking food i an edible fashion.

Exception: When agreeable to all

parties involved, metal disks measuring 4 inches (102 mm) in diameter

and weighing 1/2 pound (0.23 kg) are able to be used in lieu of the ground beef patties.

50.5.9 BROILERS, CLOSED — The closed broiler is to be operated continuously with all controls set for
maximum temperature.

50.5.10 BROILERS, OPEN — The open broiler is to be operated continuously with all controls set for
maximum temperature. Ground beef with a 30 percent fat content is to be used. The patties are to be 4
inches (102 mm) in diameter and 1/2 inch (12.7 mm) thick, and are to be spaced such that there are 4
patties per square foot. Permanently marked instructions (see 84.1) for adding water to a fat receptacle
are to be followed when provided.

Exception: When agreeable to all parties involved, metal disks measuring 4 inches (102 mm) in diameter
and 1/2 inch (12.7 mm) thick are able to be used in lieu of the ground beef patties.
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50.5.11 COFFEE MAKERS, AUTOMATIC — When an adjustable thermostat is provided, the thermostat
is to be set for the maximum temperature that does not result in dispensing boiling water. The appliance is
to be operated as described by the following until temperatures stabilize:

a) A percolator is to be filled with the intended amount of cold water and operated until the
thermostat automatically switches to the "low" or "off" position, at which time the percolator is to be
emptied and refilled with the intended amount of water and the cycle repeated.

b) An automatic coffee maker is to be operated under standby conditions until temperatures are
constant, after which water is to be dispensed in the intended manner. Each cycle is not to proceed
until the water is at the ready temperature and the thermostat has deenergized the heater.
Decanters, or similar utensils, that are filled in the process are to be used, and when filled, replaced
with empty decanters.

50.5.12 COFFEE MAKERS, NONAUTOMATIC — The appliance is to be filled with the intended amount
of water and operated until tempernatures become stabilized. Additional water is to be added during the test
when the water level becomes lowfer than the half-full mark.

50.5.13 COFFEE MAKER STO
intended decanters. As the water i
section of the coffee maker, it is tg
(50 — 59°F).

ES — The stove is to be operated continuously warming watef in the
h a decanter reaches the temperature at which it is forced into the upper
be replaced by a fresh decanter of water at a temperature’of 10 — 15°C

50.5.14 DRINK DISPENSERS -
until temperatures become consta

The dispenser is to be operated under standby, conditions (if applicable)
ht. A second test is to be conducted dispensing‘product, as follows:

a) Automatic fill batch-typs
"ready" temperature (when
amount of liquid (per batcHh
second delay between cyq
end of the serving cycle

allowed to reach the "read
cycling is to continue until t

b) Continuous-flow and Po
be adjusted to a rate tha
opening temperature of th
design, the unit shall be op

¢) Non-automatic fill dispen
or (b) above, based upon

dispensers — The appliance is to be gperated until the water is at the
the thermostat de-energizes the heater). The maximum recommended
) is then to be dispensed. The serving cycle is to be repeated, with a 2
les, until the heating element is\reenergized by the thermostat. At the
juring which the thermostat energizes the heater, the water is to be
y" temperature again, at-which time the cycling is to be repeated. This
ne maximum measured temperatures have stabilized.

ur-Over (Instantaneous-type) dispensers — The flow or serving rate is to

maintains a maximum water temperature at a point just below the
e temperature. regulating control. When this condition is restricted by
brated as<close to this temperature as possible.

sers With reservoirs — The appliance is to be operated as specified in (a)
the, dispensing method, except that room-temperature water is to be

added when the water leve

reaches theminimunTtevetrecommended by the amnufacturer:

50.5.15 ESPRESSO MACHINES - All user-adjustable controls are to be set for maximum temperatures
and pressures. Controls intended for adjustment only by service personnel (not user servicing, see 2.32)
are to be set for the maximum temperatures and pressures specified in the installation manual. The
machine is to be operated continuously until temperatures stabilize. The users manual is to be used as a
guide for operation. All outputs of the machine are to be used in such a manner as to create the maximum
normal operating temperatures. The following sequence is an example:

a) All groups simultaneously: 20 seconds or longest pre-programmed cycle;
b) Steam: 10 — 20 seconds or longest pre-programmed cycle;
c) Repeat steps (a) and (b) five times;

d) Tea water: 20 seconds or longest pre-programmed cycle;
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e) Repeat steps (a) through (d).

The above operating sequence is to be adjusted when required. For example, a "wait" cycle is to be added
when necessary so that the water temperature and pressure values do not fall below the normal
operational values. Each group is to be tested with the recommended amount of ground coffee. The coffee
is to be changed at any convenient interval, but not used for more than 10 cycles.

50.5.16 HOT FOOD RECEPTACLES FOR STEAM TABLES - The appliance is to be operated
continuously with switches or thermostats set for maximum temperature. When a preheat position above a
mechanically definite maximum temperature position is provided on the control, the appliance is to be
operated at the preheat setting for 15 minutes or for a marked preheat period, whichever is greater. It is
then to be operated at the mechanically definite next lower setting until temperatures are constant. See

50.5.7.

50.5.17 HOT FOOD STORAGE
switch and each temperature regu
above a mechanically definite max
to be operated at the preheat settin
is then to be operated at the mech
50.5.7.

50.5.18 LIQUID HEATERS — The|

50.5.19 OVENS - The oveniis to
the maximum temperature.

50.5.20 POPCORN MACHINES
thermostat set for maximum tempe

50.5.21 RADIANT-HEAT FOOD
temperatures are constant. A food
lamps. Food containers detachablg

50.5.22 Adjustable radiant-heat f
positioned as close to the carving
are to be centered above the warn
be positioned such that they have q

Exception: When the heater(s)/lar

CABINETS — The cabinet is to be operated continuously with each
lating control set for maximum temperature. When a preheat position
imum temperature position is provided on the control, the appliance is
g for 15 minutes or for a marked preheat period, whichever is.greater. It
anically definite next lower setting until temperatures are constant. See

heater is to be operated continuously warming water.

be operated continuously with the temperature\regulating control set for

— The test is to consist of continuous operation with switches and
rature while popping corn in the intended manner.

WARMERS The food warmer is to be operated continuously until
warmer using reflector lamps is to be tested with both clear and colored
without tools are to be removed for the test. See 50.3.9.

bod warmers are to/be operated continuously with the heater(s)/lamp(s)
supporting surface as the construction permits. The heater(s)/lamp(s)
ing surface."\When two adjustable lamps are provided, the lamps are to
ne common focal point at the center of the warming surface.

hp(s)is adjustable and capable of being moved closer than 9 inches

tha hostar/ol/Inpan/al v ha fnctnd af O inabhag ad in

from the carving/supporting surfaée;

na wihan marl
TG TTICaICT (I S7TaimiorS/—hay oG tCotCU—at J- miCIHCS— wilCTT 1hiarnGa—1it

accordance with 85.4. The measurement is to be taken from the bulb surface or physical barrier that
prevents the bulb from contacting the carving or supporting surface.

50.5.23 RANGES AND TABLE STOVES - A stove plate as specified in 50.5.26 is to be placed on one
surface unit when there are not more than four surface units, and on two units when there are more than
four surface units. Each remaining surface unit is to be covered with a pan of water. The unit or units to be
covered with a plate is to be in accordance with the following order of precedence:

a) Front unit;
b) Units having highest wattage rating;
¢) Units farthest from the wall of the test booth;

d) Units having largest diameter.
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50.5.24 Ranges and table stoves provided with only one surface unit are to be tested with a stove plate
and retested with a pan of water.

50.5.25 With reference to 50.5.24, the front of a counter-mounted surface assembly is defined as the
long side adjacent to the highest-wattage unit unless the manufacturer's installation instructions or some
other feature indicates otherwise.

50.5.26 The stove plates are to be circular cast-iron or steel plates. The plate used with a 6-inch (152-
mm) or smaller surface unit is to be 7-1/2 inches (190 mm) in diameter and is to weigh approximately 3
pounds (1.4 kg). The plate used with a surface unit larger than 6 inches is to be 10-1/2 inches (267 mm) in
diameter and is to weigh approximately 7 pounds (3.2 kg). The plates are to be flat on one side and are not
prohibited from being ribbed on the other side to reduce the likelihood of warping. The plates are to be

kept free from rust and other foreign material by the use of steel wool or a wire brush.
50.5.27 The pans are to have vertical sides. The diameter of the bottom plane surface of the pan is to be
no less than the maximum diameter of the active part of the surface unit on which the pan is used, and is

to be not more than 1 inch (25.4 mm) larger than that diameter. The pans are to be of aluminum.

50.5.28 Surface units are to be gperated as indicated in 50.5.30 and 50.5.31.

50.5.29 The control for each syrface unit covered with a stove plate is to be adjusted to result in a

temperature of 275°C (527°F) at

type — intermittent input — control
surface of the stove plate will be 2
to result in this temperature, the ne

Exception: When setting the surfe
temperature less than 275°C at tf
only one setting, the test is to be ¢

50.5.30 The control for each su
setting.

50.5.31 SANDWICH TOASTER
operated continuously with the h
275°C (527°F). When a surface c
is to be set the maximum temper
which reversible grids are used.

he center of the top surface of the stove plate. Ar_automatic or cycling

is to be set so that the average temperature at\the center of the top
75°C. When a control having a definite number.of settings cannot be set
xt higher setting is to be used.

ce unit control in the position that provides maximum heat results in a
e center of the top surface of the-stove plate, or when the control has
bnducted with the control set in‘this position.

rface unit not covered witha stove plate, is to be set at its maximum

S, GRILLS, AND_GRIDDLES - A toaster, grill, or griddle is to be
pat control switeh adjusted to give a surface cooking temperature of
oking temperature of 275°C cannot be attained, the heat control switch
ture pasition. This applies also to combination grills and waffle irons in

TERNAL CSTECANM QILIDDI \/

Tho caonlear i +n Iha Ao At aAd tA o ot oan

50.5.32 STEAM COOKERS, EX

H $
TETNI N\ O T oot 1 TTICCOORCT 1o tO 0T CoOTMTIC CtC Uo7 otcartt

supply of rated pressure and is to be operated continuously until temperatures become constant. When
timers, electric valves, or similar components operate intermittently, the appliance is to be operated with
the shortest and longest cooking cycles recommended in the operating instructions as required to result in
maximum heating of components. One minute is to be allowed between cycles for unloading and
reloading the cooking chamber.

50.5.33 STEAM COOKERS, SELF-CONTAINED STEAM GENERATOR — The cooker is to be operated
as described in 50.5.32. When a fitting is provided to supply other appliances, steam is to be drawn off at
the maximum rate possible such that the highest operator-adjustable steam pressure is maintained.

50.5.34 TILTING FRYING PANS — The frying pan is to be operated continuously with all controls set for
maximum temperature until temperatures become constant. See 50.1.4.
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50.5.35 TOASTERS - The toaster is to be operated continuously toasting slices of bread to a dark brown
color. Immediately preceding the toasting, a nonautomatic toaster is to be preheated for 15 minutes.

Exception: This test is not required for a nonautomatic toaster when the results of the abnormal or burnout
test comply with the requirements with respect to normal operation.

50.5.36 WAFFLE IRONS — A waffle iron is to be operated continuously with the temperature regulating
control at the maximum heat position for the automatic type. For a non-automatic type, the switch is to be
set to a temperature closest to, but not less than 210°C (410°F) on the grids, unless a temperature less
than 210°C (410°F) is obtained with the switch in the maximum position.

50.5.37 WATER HEATERS FOR COOKING APPLIANCES — The water heater is to be operated

continuously with temperature reg
provided with a thermostat at the 1
boiling point of the water in the app,

51 Dielectric Voltage-Withstanc
51.1

General

51.1.1 To determine whether an

ulating control set at a temperature 98°C (208°F) or, for an appliance
naximum temperature setting of the thermostat when it is less than the
iance or as dispensed from the appliance.

Test

appliance complies with the requirements in 51.2¢=\51.4, it is to be

tested by means of a 500 volt-ampere or larger capacity transformer, the output voltage of which can be

regulated. The applied potential i
uniform rate as rapid as is consiste

to be held at that value for 1 minutgq.

51.1.2 When the leakage current
to maintain the required AC test {
being tested using a DC potential g

51.1.3 During the test, all conta
thermostats) shall be in the closed

51.1.4 Components providing a
discharge resistors for capacitors
test.

51.1.5 When the test equipment
occurred, the "trip" current level is

5 to be increased from zero to the required value at a substantially
ht with its value being correctly indicated by a veltmeter. The potential is

across the line, or from line to earth @round, is so large it is impossible
otential, the unit or component part (e.g. filter) is not prohibited from
f 1.414 times the appropriate AC.voltage.

ts energizing current-cdrrying parts (such as conductors, relays, and
position, or isolated circuits shall be tested separately.

Hirect current path-in parallel with the insulation to be tested, such as
and EMI filters,.are not prohibited from being disconnected during the

measures current as a means of determining whether breakdown has
notyspecified. If breakdown is indicated, the test is not prohibited from

being repeated according to 51.1.6However, whemrthetestim 5118 s used; thesame test samptestratt
be subjected to the Leakage Current Test, Section 46, or the Insulation Resistance Test, Section 53, as
applicable.

51.1.6 When a referee test is necessary in accordance with 51.1.5, an ammeter is to be placed in series
with the dielectric test circuit and the test is to be repeated. A linear increase in current with voltage is
acceptable; however, a sudden (nonlinear) increase in current is not acceptable.

51.1.7 For the dielectric voltage-withstand test of an appliance in which electrical wiring passes through
a hinged member or spring, the cover or other movable member is to be raised and lowered not less than
three times while the test potential is being applied in order to determine whether a breakdown results
from damaged insulation on the conductors with the cover in other than the closed position.

51.1.8 An appliance which employs water or other liquid is to be tested with the solution described in
46.4. Where a reservoir is provided, it is to be filled to the normal operating level.
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51.2 Primary circuits

51.2.1 While at its maximum operating temperature under conditions of intended use, an appliance shall
withstand for 1 minute without electrical breakdown the application of a 40 — 70 hertz essentially sinusoidal
potential:

a) Between live parts of primary circuits and dead metal parts;
b) Between live parts of different primary circuits;
c) Between terminals of a capacitor used across-the-line (see 30.4); and

d) Between terminals of a capacitor connected between the line and the enclosure (see 30.4)

51.2.2 The test potential shall bg 1000 volts for an appliance rate 250 volts or less, and shall be 1000
volts plus twice rated voltage for an appliance rated more than 250 volts.

51.3 Secondary Circuits

51.3.1 Secondary circuits shall Withstand for 1 minute the application of a test potential as, specified in
Table 51.1:

a) Between primary and sefcondary circuits;

b) Between secondary cjrcuits and grounded metal with all chassis:connected components
disconnected at the chassi$; and

c) Between secondary drcuits supplied from separate transformer windings with common
connections disconnected.

The appliance is to be at its maxinmum intended operating temperattre during the test.

Exception: This test is not required for circuits that:
a) Are not safety circuits, ahd
b) Meet the requirements for one of the following types of circuits:
1) Class 2 circuits ($ee 34.3)

2) Limited voltage/currént-circuits (see 34.4)

3) Limited voltage circuits (see 34.5)
4) Limiting impedance circuits (see 34.7)

5) Safety extra-low voltage circuits (see 34.8).
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Table 51.1
Magnitude of test potential

Maximum voltage in the circuit Test voltage
90 or less Ten times maximum voltage in circuit
More than 90 but not more than 333 1000
More than 333 but not more than 1000 Three times maximum voltage in circuit
More than 1000 1750 plus 1.25 times the maximum voltage in the circuit

51.3.2 A direct current source is to be used for a direct-current circuit. A 40 — 70-hertz sinusoidal voltage
is to be used for testing alternating-current circuits.

51.4 Transformers

51.4.1 While at its maximum infended operating temperature, each power transformer shall operate
without breakdown while the potential specified in Table 49.1 is induced for 1 minute in each secondary
winding that normally operates at a higher potential than the primary winding.

51.4.2 Transformers evaluated inf accordance with the Standard for Low Voltage Transformers — Part 1:
General Requirements, UL 5085-1| the Standard for Low Voltage Transformers — Part 2:-"General Purpose
Transformers, UL 5085-2, or the $tandard for Low Voltage Transformers — Part 3: Class 2 and Class 3
Transformers, UL 5085-3, need not be subjected to this test.

51.4.3 A sinusoidal source is to be used for a transformer, and the frequency-of the source is to be in the
range of 180 to 1000 hertz when required to prevent saturation of the core.

51.4.4 Primary- and secondary-gircuit wiring connected to a transformer is to be disconnected for the
test required by 51.4.1.

52 Resistance to Moisture Test

52.1 Immediately after being opefated as described-in-52.2, an appliance having an electrical part that is
exposed to moisture produced by {he appliance, such’as a proofing cabinet, coffeemaker, or steam table,
shall comply with the following:

a) The appliance shall withstand without breakdown for 1 minute the application of the potential
specified in Section 51, Dielectrie:Voltage-Withstand Test.

b) A cord-connected appliance constructed according to 46.1 (a) or (b), shall comply with the |

requirement in 46.1 in a repeated leakage current test, except that the test is to be discontinued
when leakage current stabilizes.

c) An appliance, other than that constructed according to 46.1 (a) or (b), shall comply with the
Insulation Resistance Test, Section 53.

52.2 The appliance is to be connected to the water line, or water is to be added as intended, and the
appliance is to be operated continuously under standby conditions — heated, but not dispensing water — for
24 hours immediately after which the insulation resistance or leakage current is to be measured and the
test potential is to be applied.

52.3 An appliance, such as a hot cup, that is immersed in water for cleaning shall have a leakage current
of not more than 0.5 MIU and shall withstand a potential of 1000 volts when tested in accordance with 52.4
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and 52.5. There shall be no entrance of water into the appliance that might come into contact with
uninsulated live parts as a result of the test.

52.4 Three samples of the appliance are to be filled with cold water and are to be heated as described in
50.4.13. When the water boils, each appliance is to be emptied and is to be completely immersed for 3 —
10 seconds in a detergent solution maintained at a maximum temperature of 40°C (104°F).

52.5 The entire procedure of heating and immersion is to be repeated until 1000 hours have elapsed,
immediately after which each appliance is to be subjected to the dielectric voltage withstand test, followed
by the leakage current. The heating element terminals and insulators are to be wiped with a towel to
remove surface moisture. Each sample is then to be disassembled and the internal parts are to be visually
examined for the presence of water to determine whether the appliance complies with the requirement in

52.3.
53 Insulation Resistance Test

53.1 An appliance constructed |other than as described in 46.1 (a) or (b), shall have an insulation
resistance of not less than 50,000 phms when tested in accordance with 53.2.

53.2 Insulation resistance is to e determined as follows (see Figure 53.1) or by another method that is
equally accurate. A direct current] potential of at least 250 volts is to be applied between live parts and
interconnected dead metal parts. fwo voltmeters are to be used; one voltmeter is tobe*connected across
the supply line and the other conngcted in series with one of the leads to the appliance being tested. With
the supply voltage adjusted so thgt the difference in the voltage readings of the two meters is at least 250
volts, the insulation resistance is t¢ be calculated using the equation:

V1~ )R

Itsulation Resistance = 7
)

in which:
V/, is the measured supply line voltage, in volts.

V., is the voltage measuredl by a voltmeter ifr'series with one of the leads of the appliance heater
being tested, in volts.

R is the resistance of the oltmeter measuring V,, in ohms.
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Figure 53.1
Insulation resistance test
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54 Grounding and Bonding Teq

54.1 Grounding

t

54.1.1 The grounding blade of th¢ attachment plug and. the exposed dead metal parts mentioned in 18.1

shall be conductively connected ag

determined by the'grounding testin 54.1.3 — 54.1.4.

54.1.2 Any indicating device, such as an ohmmeter, is to be employed during testing.

54.1.3 When tested, the resistange between any point required to be grounded, as noted in 54.1.1 and

18.1, and the equipment grounding
connection; or the point on the apy

terminal in the case of an appliance intended for permanent electrical
liance where the grounding conductor of the cord is attached; shall not

be more than 0.1 ohm. The resista

nce is to be determined by any convenient method as noted in 54.1.2,

except that when unacceptable results are obtained, a reference measurement is to be taken in

accordance with 54.1.4.

54.1.4 When a reference measurement is required by 54.1.3, either a direct or alternating current equal
to the anticipated current rating of the branch-circuit overcurrent-protective device for the appliance — see
28.1.3 and 28.1.4 — is to be passed from the equipment grounding terminal or the point of attachment of
the wiring system to the dead metal part, and the resulting drop in potential is to be measured between
these 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.



https://ulnorm.com/api/?name=UL 197 2023.pdf

APRIL 7,2023 UL 197 125

54.2 Bonding

54.2.1 When required by Exception No. 2 of 18.8, a bonding connection is to be subjected to the test in
54.2.2. The bonding connection shall not open during the test.

54.2.2 The bonding connection is to be subjected to an alternating current equal to twice the current
rating of the anticipated branch circuit overcurrent protective device — see 28.1.3 and 28.1.4 — for the
period specified by Table 54.1.

Exception: When overcurrent protection complying with 28.1.1 or 28.2.1 is supplied within the appliance
such that the fault current available to the part being bonded is limited, the rating of the internal overcurrent
protective device is to be used when determining the test current.

Table 54.1
Duratjon of current for bonding conductor test
Rating of overcurrent devicep, amperes Minimum duration of current flow, minutes
30 orless 2
31-60 4
61-100 6
55 Stability

55.1 A freestanding appliance shall not overturn when tipped through an<angle of 10 degrees from the
horizontal as described in 55.2.

55.2 The appliance is not to be energized during the stability test, An appliance equipped with wheels,
casters, or the like shall be testeq with the wheels, casters, or the like locked or blocked to prevent the
appliance from moving. The test i§ to be conducted under conditions most likely to cause the appliance to
overturn. The following conditions gre to be such as to result in the least stability:

a) The position of all doors| drawers, casters,.and other movable or adjustable parts, including that
of a supply cord, if any, resfing on the surface-supporting the appliance;

b) Connection of, or omigsion of, agy-attachment made available by or recommended by the
manufacturer;

c¢) Provision of, or omissionf of;any normal load when the appliance is intended to contain a liquid
or other mechanical load; gnd

d) Direction in which the appliance is tipped.

Exception No. 1: The door of a cord-connected appliance is not required to be placed in the most
unfavorable position for this test if, with the appliance placed on a horizontal surface and with the door in
any position, the appliance does not tip when a 35 pound (156 N) force is applied to that part of the door
edge that is most likely to cause the appliance to tip.

Exception No. 2: The door of a cord-connected appliance that is on casters and weighs 250 pounds (113
kg) or less is not required to be placed in the most unfavorable position for this test if, with the appliance
placed on a horizontal surface and the door in any position, the appliance does not tip when a 15 pound
(67 N) force is applied to that part of the door edge that is most likely to cause the appliance to tip.


https://ulnorm.com/api/?name=UL 197 2023.pdf

126 UL 197 APRIL 7, 2023

Exception No. 3: The drawer of a cord-connected appliance is not required to be placed in the most
unfavorable position for this test if, with the appliance on a horizontal surface the appliance does not tip
when a 35 pound (156 N) force is applied to that part of the outer edge of a fully open drawer that is most
likely to cause the appliance to tip.

55.3 A permanently-connected appliance is to be tested when installed in accordance with the
manufacturer's instructions.

55.4 An appliance intended for use with gelled or liquid fuel shall comply with the requirements in 55.1
and 55.2 with full gelled or liquid fuel container(s) located as intended. As a result of the test, the
containers shall not be displaced from their intended location on the appliance. In addition, gelled or liquid
fuel shall not be expelled from their container(s).

56 Abnormal Heating Test
56.1 General

56.1.1 When the conditions of ngrmal operation are not representative of abnormal conditions that can
occur in actual service, an applignce shall not present a risk of fire or electric shock when-operated
continuously under such abnormaljconditions.

56.1.2 The functioning of an ovdgrload protector or overcurrent-protective device provided for a motor,
whether or not such a device is required, shall not result in a risk of fire, electric shock; or injury to persons.
See 31.4.9.

56.1.3 When operated under the|conditions described in 56.2.1, an appliance is considered to involve a
risk of fire when there is any emissjon of flame or molten metal, or whenOperation of the appliance results
in the charring, glowing, or flamirlg of combustible material upon_which the appliance is placed or on
adjacent wall surfaces.

56.1.4 An appliance is considergd to involve a risk of electric shock when the fuse in the grounding
connection opens.

Exception: The fuse in the grounding connection isnet prohibited from opening when the appliance:
a) Is provided with a grounding conduetor;

b) Is cord connected;

c) Is rated 120 volts, 20 ampeéres or less;

d) Is not normally hand held by persons and any gripping areas, such as a handle, dispensing tap,
and the like are made of a material other than metal;

e) Has dead metal parts that will not normally be in contact with other metal surfaces when used;
and

f) Complies with 56.1.5 and 56.1.6.

56.1.5 With reference to the Exception to 56.1.4, the fuse mentioned is not prohibited from opening if the
appliance complies with (a) — (e) when subjected to the procedures in 56.1.6.

a) The leakage current measured in accordance with the Leakage Current Test, Section 46, shall
not exceed 0.5 MIU immediately following the grounded condition and until the product returns to
ambient conditions.
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b) The dielectric voltage-withstand test, conducted in accordance with the Dielectric Voltage-
Withstand Test, Section 51, shall show acceptable results when tested for 1 minute within 15
minutes of the grounded condition.

c) The voltage across the 1.0 ohm resistor and the 500 ohm resistor in the tests described in 56.1.6
(a) and (b) shall not exceed 30 volts rms for the duration of the short circuit condition.

d) The duration of the ground fault shall not exceed 10 seconds; and if the line fuse opens, the
ground fault shall not exist after the line fuse opens.

e) There shall be no emission of flame or molten metal, or glowing or flaming of the combustible
material upon which the appliance is placed or on adjacent wall surfaces.

56.1.6 With regard to 56.1.5, the[two test procedures are as follows:

a) The test described in $6.2.1 is to be repeated, except exposed dead metal parts are to be
connected to ground witholit a fuse. The duration of the ground fault condition is to be indicated\by
a low impedance current|indicator through a 1.0 ohm resistance and the voltage across-the
resistance is to be monito:led. Nontime delay line fuses rated 20 amperes are to be plaged in the
supply circuit, unless the product is marked for time delay fuses, in which case time delay.fuses are
to be used.

b) The test described in §6.2.1 is to be repeated, except exposed dead métal parts are to be
connected to ground throdgh a 500 ohm resistance. The duration and maghitude of the ground
fault condition is to be indicated by a high impedance voltage indicator¢Nentime delay line fuses
rated 20 amperes are to bg placed in the supply circuit, unless the product is marked for time delay
fuses, in which case time dglay fuses are to be used.

56.1.7 When an appliance emplpys oil or grease in its normal cooking operation, or when oil or grease
can accumulate as a result of intgnded use of the appliance, neither normal nor abnormal conditions of
use shall result in sparks, flareups| and the like that will ignite the reservoir of oil or grease.

56.1.8 When an appliance is |ntended for use with ‘more than a thin film of oil or grease, the
recommended amount of vegetable oil shall be placed.on or in the appliance in the location specified by
the manufacturers instructions befpre each test.

Exception: When the manufacturdrs instructions\recommend the use of a specific type(s) of oil or grease,
the tests shall be conducted using|the type(S)of oil or grease specified.

56.1.9 A thermal cutoff shall not ppen during the abnormal heating tests.

Exception No. 1: A thermal cutoff is not prohibited from opening in a coffee maker or similar appliance
during operation without water.

Exception No. 2: A thermal cutoff, the opening of which requires replacement of a subassembly such as a
heating element, is not prohibited from opening during the abnormal heating test.

56.2 Procedure

56.2.1 To determine whether a risk of fire or electric shock exists, a separate burnout or abnormal
heating test is to be conducted for each abnormal condition with the appliance operating continuously until
the ultimate result has been determined. Unless otherwise indicated, the test is to be conducted with the
applied voltage, method of mounting, and thermostat setting in accordance with 50.4 and 50.5, except
that:
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a) All grounding connections are to be disconnected and the appliance is to be isolated from
ground (for example, water pipes disconnected, appliance mounted on a nonconductive surface);

b) Exposed dead metal parts are to be connected to ground through a 3-ampere fuse; and

¢) Adjustable temperature limiting controls are to be set to the maximum temperature.

In most cases, continuous operation for 7 or 8 hours is required to make sure that the ultimate result has
been observed.

56.3 Test conditions — disabled thermostat

56.3.1 The temperature-regulatingcontrol (See 2.30) IS 1o be defeated by short-circuiting the control at Its
output(s), removing the temperature sensor from the heated area, or other equivalent means. When more
than one temperature-regulating dontrol is provided to separately control different elements, a separate
test is to be conducted for each glement or group of elements by defeating the temperature regulating
control(s) for that element or group| In such cases, all other independent temperature-regulating contrel(s)
are to be set to their maximum uger-adjustable setting and are to function as intended. Where multiple
temperature-regulating controls cgntrol the same element or group of elements, the controls_aré to be
defeated together; however, temperature-limiting controls, see 2.29, are not to be defeated.

56.3.2 A temperature-regulating [control that is provided with multiple sets of switching contacts or
outputs is to have all such sets of qontacts or outputs short-circuited or otherwise defeated simultaneously
prior to starting the test.

Exception: When disabling all sets|of contacts does not represent the worst‘everheating condition, the test
is to be conducted with those conftacts defeated that will present the worst overheating condition. More
than one test may be required to de¢termine the worst condition.

56.3.3 A single-pole double-throy temperature regulating control’is to be short-circuited by connecting
the common contact terminal to either the control's normally-open contact terminal or the normally-closed
contact terminal, whichever results|in maximum heating conditions.

56.4 Test conditions —locked rotor

56.4.1 An appliance having a mgtor in which:the lack of motion of that motor causes overheating of the
appliance or of the motor (from a Heat source external to the motor) is to be operated with the rotor of the
motor locked. Examples include byt are notlimited to a motor controlling a fan or belt. An appliance having
multiple motors is to be tested withjone motor locked at a time.

56.4.2 In addition to the criteria specified in 56.2.1, an impedance-protected motor shall comply with the
applicable requirements in the Standard for Overheating Protection for Motors, UL 2111, with the rotor
locked. See 56.4.3.

Exception: If a temperature control external to the motor (including a thermal cutoff) in the appliance
operates when the rotor is locked, the applicable temperature limits in the Standard for Overheating
Protection for Motors, UL 2111 may be applied. Such temperature controls and thermal cutoffs shall
comply with the requirements in UL 2111 with respect to the number of samples to be tested and the test
time

56.4.3 With reference to 56.4.2, when a motor has been previously tested in accordance with the
Standard for Overheating Protection for Motors, UL 2111, testing is to be discontinued when the stabilized
winding temperature is no higher than the previous test results.
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56.5 Stalled fan test — control compartment fan

56.5.1 Except as noted in 56.5.2, when tested as described in 56.5.3 and 56.5.4, an appliance provided
with a control compartment cooling fan or fans shall not exceed the temperature rises specified in Table
50.1 by more than 10°C (18°F).

56.5.2 With reference to 56.5.1, when an appliance exceeds any of the temperature rises specified in
Table 50.1 by more than 10°C (18°F), a means such as an indicator light or audible signal shall be
provided to alert the user that the appliance is not operating normally. The means to alert the user shall
comply with 56.5.5 and 56.5.6.

Exception: An alert means is not required when it is shown that malfunction of the fan results in the

operation of a temperature-limitini control to open ungrounded conductors to the heating elements and to
render the appliance inoperable until the appliance is serviced by a qualified serviceperson.

56.5.3 The testis to be conductgd as described in the Normal Temperature Test, Section 50, exceptthat
the cooling fan, or any combinatioh of cooling fans as described in 56.5.1, is to be stalled or de-energized
when stabilized temperatures are pbtained. The test is to be continued after the fan has been stalled or de-
energized, and the maximum tempgeratures are to be recorded.

56.5.4 If, after the fan has been|stalled or de-energized, the operation is interrupted-by. a temperature-
limiting device, the maximum temperatures are to be recorded at that time. When required, the test is to be
restarted from ambient temperajure with the fan stalled or de-energized to determine whether the
temperature limits are exceeded bgfore the temperature-limiting device operates:

56.5.5 With regard to 56.5.2, when an indicator light is provided to alert the“user that the appliance is not
operating normally, the following cpnditions apply:

a) The light shall have a minimum rated life of 20,000 caentinuous hours at the operating voltage
and shall be connected in & circuit in which the increased-voltage incident to switching or any other
operational characteristic| of the appliance does\not exceed 120 percent of the voltage
recommended to provide the required life.

b) The light shall be readily|visible to the user-during normal operations of the appliance.

¢) The marking and instructions described in 85.8 and 91.9 shall be provided.

56.5.6 With regard to 56.5.2, when an audible signal is provided to alert the user that the appliance is not
operating normally, the following cpnditians apply:

neatoct coancictin af

a) The signal shall withstahd—without-malfunetion-orbreakdewn—an-en
6000 cycles of 1 minute on and 30 seconds off.

ane 4
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b) The signal shall withstand, without malfunction or breakdown, a durability test consisting of 72
hours of continuous energization while in an ambient 10°C (18°F) higher than the maximum
operating temperature of the device under normal operating conditions, but not less than 70°C
(158°F).

¢) The marking and instructions described in 85.9 and 91.9 shall be provided.
56.6 Abnormal dry operation test
56.6.1 An appliance which employs water or other liquid in its normal cooking operation and is not

subjected to dry operation under the Normal Temperature Test per Exceptions No. 1 and No. 2 to 50.5.7
shall be subjected to the tests in 56.6.3 — 56.6.5.
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Exception: This requirement does not apply when the level sensing device specified in the Exceptions to
50.5.7 has been evaluated to the Standard for Limit Controls, UL 353, and the sensing means is suitably
protected from physical abuse and corrosion, and is unlikely to be defeated by an accumulation of food.

56.6.2 In addition to the requirements of 50.1:
a) There shall be no wetting of live parts;

b) The appliance shall comply with the Leakage Current Test, Section 46, and the Dielectric
Voltage-Withstand Test, Section 51.

56.6.3 The appliance is to be filled with water and operated continuously with the level sensing device

bypassed and the thermostat set t
then to operate dry until the ultimat

56.6.4 Starting from room tempe
the level sensing device bypassed

56.6.5 Upon completion of the co
56.7 Test conditions — specific

56.7.1 The variety of appliances
abnormal operation of every type
are given in 56.7.2 — 56.7.11.

56.7.2 COFFEE MAKERS - Th

thermostat set to give maximum teTn

56.7.3 HOT FOOD RECEPTA(Q
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b result has been observed. See 56.2.1.

rature, the appliance is to be operated continuously without water with
pnd the thermostat set to give maximum temperature.

hditioning, the appliance is to be filled with water in the normal manner.
appliances

is such that it is impractical to detail the test conditions representing
bf appliance. However, some specific examples-of such test conditions
coffee maker is to be operated continuously without water with the

perature.

LES FOR STEAM TABLES-- The appliance is to be operated

continuously without water and with the switch or thermostat-setto give maximum temperature.

56.7.4 OPEN BROILERS - The

roiler is to be operated continuously with the controls set for maximum

temperature. The grease pan is to|be one-half full of lard at the start of the test. When temperatures have
stabilized, commercial ground beef patties with a 50/percent fat content, 4 inches (100 mm) in diameter by
1/2 inch (13 mm) thick, are to be bfoiled. A sufficient number of patties are to be broiled, two or three at a
time, to determine that ignition of fhe lard-is<unlikely. The beef patties are not to be pressed or mashed
deliberately while cooking on the drill. Any instructions for adding water or similar materials to the grease
pan or fat receptacles are to be digregarded. Flare-ups from the griddle surface or meat during broiling or
manipulation of the beef patties arg to'be disregarded, but ignition of the grease in the grease pan is not

acceptable.

56.7.5 RANGES - The range is to be operated continuously as described in 50.5.23 except that the heat
controls or switches are to be set to give the highest temperature.

56.7.6 GRIDDLES — When the temperature control permits a surface temperature higher than 275°C
(527°F), the griddle is to be operated continuously under the same conditions described in 50.5.32 but
with the heat controls or switches set to give the highest temperature on each griddle plate.

56.7.7 SANDWICH TOASTERS AND GRILLS — The toaster or grill is to be operated dry and with the
cover — if any — closed.

56.7.8 TABLE STOVES — The stove is to be operated continuously with each heating unit covered with a
circular stove plate as described in 50.5.27.
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56.7.9 TOASTERS — The toaster is to be operated without toast and with doors or the equivalent closed.

56.7.10 RADIANT HEATING TYPE WARMING APPLIANCES - The warmer(s) are to be placed in any
position the construction permits to result in maximum heating of the alcove walls or the supporting
surface. When the position of maximum heating is not obvious, testing is to be repeated to evaluate
multiple positions of the heating lamps. Each test is to be conducted for 7 hours.

56.7.11 APPLIANCES WITH ADJUSTABLE PUMPS — An appliance with an adjustable pump which is
operated at less than the maximum setting in accordance with the Exception to 50.5.6 shall be operated
with the pump adjusted to its maximum setting.

56.7.12 APPLIANCES WITH MULTIPLE HEATING ELEMENTS — Where necessary to determine

compliance with 27.13, an appliange is to be operated with any one heating element disabled.
57 Breakdown of Components| Test

57.1 Capacitors, diodes, resistors, or other solid state components are to be short- or open-circuited. As
a result, there shall be no emissipn of flame or molten metal, nor ignition of cotton when loosely’placed
over all openings of ventilated equjpment or totally around open type devices. For a discrete device having
more than two terminals (such as a transistor, SCR, triac, or similar device), any combination of two
terminals shall be open- or short-¢ircuited. For an integrated circuit device, the following*combinations of
terminals are to be tested, one combination per trial:

a) Each pair of adjacent tefqminals shorted;

b) Each input terminal shorted to (referenced) ground terminal;
c¢) Each output terminal shqrted to (referenced) ground terminal;
d) Each input terminal shorted to each power supply;

e) Each output terminal shgrted to each power supply;and

f) Each terminal open-circujted.

Exception No. 1: The test is not rgquired:

a) When circuit analysis indlicates that-no other component or portion of the circuit is overloaded as
a result of the assumed opén circuiting or short circuiting of another component;

b) For components in Clas$ 2 circuits (see 34.3);

¢) For components in Limited Voltage/Current Secondary Circuits (see 34.4), Limited Energy
Secondary Circuits involving open circuit potentials less than or equal to 30 V ac or 42.4 V peak
(see 34.6), and Limiting Impedance Secondary Circuits (see 34.7);

d) For solid state devices located within a component complying with the requirements applicable
to the component; or

e) For solid state devices in circuits that have been found to be reliable in accordance with the
Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991.

Exception No. 2: A resistor investigated for compliance with respect to end-use conditions, and
incorporating insulation or spacings to reduce the risk of a short circuit or reduction in resistance, is not to
be open- or short-circuited.
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Exception No. 3: A capacitor, capristor (parallel combination of a capacitor and resistor), or similar circuit
component, complying with requirements for antenna coupling and line bypass components described in
the Standard for Capacitors and Suppressors for Radio- and Television-Type Appliances, UL 1414, and
investigated for compliance with respect to end-use conditions, is not to be short-circuited.

57.2 During and after the test of 57.1, any malfunction, such as short-circuiting or changing of
impedance of a pilot light or indicating lamp, shall not affect the proper functioning of a temperature-control
system.

57.3 For the purposes of the test, the series resistor of a gaseous discharge lamp is to be left in the
circuit.

58 Wiring Endurance Test

58.1 An appliance in which the
wiring or other insulated live parts
shall be no electrical or mechan
appliance shall comply with the req

normal cooking or cleaning function results in movement of electrical
shall withstand an endurance test as described in 58.3 and 58.4. There
cal malfunction of the appliance and, after the endurance test, the
uirements in the Dielectric Voltage-Withstand Test, Section 51

58.2 The appliance is to be enefgized during the test when the motion of the appliance-occurs while
energized. The voltage supply cifcuit and the temperature conditions shall be in accerdance with the
normal temperature test.

58.3 The endurance test required by 58.1 is to consist of:

a) 30,000 cycles of operat
electrical parts occurs durin

on for an appliance such as a waffle iron, in which the movement of
j the intended cooking operation; or

b) 6000 cycles of operation
operation.

for an appliance in which the movement occurs only during a cleaning

58.4 For the endurance test de
operate the movable member at
member is to be operated so that it

Exception: For an appliance, suc
hinged cover, 5000 operations off

scribed in 58.3, any mechanical arrangement is to be employed to
b rate of approximately’ 12 cycles per minute. The cover or movable
will reach the limjtsyof travel in both directions during each cycle.

) as a sandwich toaster, that has two different stop positions for the
the 30,000 total are to be with the cover moved to the wide open

position.

59 Cord Endurance Test — Hand-held Appliances

59.1 To determine whether the cord mentioned in 17.1.8 is acceptable, the tests described in 59.2 and
59.3 are to be conducted. Additionally, for appliances employing a thermoplastic cord guard, the tests of
59.4 and 59.5 are to be conducted. During the test, the cord shall not develop an open circuit, and there
shall be no exposure of an uninsulated conductor strand.

59.2 To conduct the flexing test referred to in 59.1, three assemblies of the cord or cord and cord guard
combination are to be assembled to the appliances, simulated mounting surfaces, or test-fixtures, so as to
not interfere with the test procedure. Each assembly is to be mounted so that rotation is centered at the
point where the guard enters the unit. See Figure 59.1. For the start of the test, the axis of the cord guard
is to be positioned vertically with the cord end down. The cord is to be passed through a horizontal bushing
having a smoothly rounded 1-inch (25-mm) diameter opening, located 2 feet (610 mm) below the cord
guard entry to the appliance. The free end of the cord is to be attached to a 1/2-pound (220-gram)
unsupported weight. The supply end of each cord is to be connected to a circuit of rated voltage, protected
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by a time-delay fuse suitable for the attachment plug cap on the appliance, but rated not less than 20 A. A
mechanism shall be provided to shut down the machine if a conductor opens. Half of the maximum rated
load is to be passed through the conductors of the power supply cord. The three assemblies are to be
flexed for 30,000 cycles through an angle of approximately 180 degrees, as illustrated in Figure 59.1, by a
machine at a rate of approximately 20 cycles per minute, unless faster cycling is agreeable to those
concerned.

59.3 With reference to 59.2, one cycle consists of 90-degree rotation of the test assembly in one
direction, 180-degree rotation in the opposite direction and then return to the starting point. Flexing
through an angle of 90 degrees in one direction only and return to the starting point is acceptable if the
number of cycles is doubled and the flexing is changed to the opposite direction after each 10,000 cycles.

assembled to the appliances, simplated mounting surfaces, or test-fixtures so as to not interfere with the
test procedure and subjected to the conditioning and flexing test described in 59.5. During the test, the
cord shall not develop an open cirguit, and there shall be no exposure of an uninsulated conductor strand.
Following the test there shall be ng visible cracks in the cord or cord guard.

59.4 For appliances employing]::a thermoplastic cord guard, three additional samples are to be

59.5 To conduct the test requirdd by 59.4, the samples are to be conditioned for 96 hourshin’ an oven
maintained at a temperature of 20fC (36°F) more than the maximum temperature observedon the cord or
cord guard during the temperaturg test, but not less than 100°C (212°F). Following the\conditioning, the
assemblies are to be flexed for 5000 cycles in the manner described in 59.3.
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Figure 59.1

Cord endurance test
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60 Strain Relief Test

60.1 When tested in accordance with 60.2, the strain relief shall withstand for 1 minute, without
displacement resulting in stress on internal connections, a direct pull of 35 pounds (156 N) applied to the
cord with the connections within the appliance disconnected. The means of affording strain relief is not
acceptable when, at the point of disconnection of the conductors, there is such movement of the cord as to
indicate that stress would have resulted on the connection.

60.2 A 35-pound (15.9-kg) weight is to be suspended on the cord and supported by the appliance so that
the strain-relief is stressed from the angle that is permitted by the construction of the appliance and is most
likely to cause movement of the cord or strain relief means.

61 Push-Back Relief

61.1 When required by reference to 17.2.3, a cord-connected appliance shall be tested in accordance
with 61.2 without occurrence of any of the conditions specified in 17.2.3.

61.2 The supply cord or lead is tp be held 25 mm (1 inch) from the point where the cord or lead'emerges
from the product and is then to |pe pushed back into the product. When a removable bushing which
extends further than 25 mm (1 inch) is present, it is to be removed prior to the test. When thé-bushing is an
integral part of the cord, the test|is to be carried out by holding the bushing. The cord“or lead is to be
pushed back into the product in 2%-mm (1-inch) increments until the cord buckles orthe force to push the
cord into the product exceeds 27 [N (6 pounds-force). The supply cord or lead within the product is to be
manipulated to determine compliapce with 61.1.

62 Thermal Shock Test — Glasg/Ceramic Cooking Surfaces

62.1 The cooking surface of a glass/ceramic-top appliance shall"not crack or break when tested as
described in 62.2.

62.2 The largest surface unit is [o be operated for 1/2 hourat its maximum heat setting. Then, 1/2 liter
(0.13 gallons) of tap water at ropm temperature is to be poured over the hottest area of the cooking
surface over a period of 15 seconds.
63 Strength of Enclosures, Frgmes, and Guards Test

63.1 General

63.1.1 An external enclosure of ‘frame shall comply with 63.2 — 63.5 without permanent distortion,

reducing spacings below the values specified in 37.1.9, or transient distorion that results in contact with
live parts. Except as noted in 63.4, any opening that occurs during application of the force, from the
impact, or from damage or breaking of a glass enclosure is to be judged under the requirements in 10.1.3
—10.1.6.

63.1.2 A guard required by 10.3 or 11.1 shall comply with 63.3 — 63.5 to the extent that:

a) A moving part involving a risk of injury to persons cannot be contacted by the probe illustrated in
Figure 10.3; and

b) The appliance complies with Section 51, Dielectric Voltage-Withstand Test.
Exception No. 1: This requirement does not apply to a part known to be acceptable for the application.

Exception No. 2: This requirement does not apply to a component such as a lens or control knob.
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63.2 Static force test

63.2.1 The external enclosure shall withstand a force of 20 pounds (89 N). The force is to be applied by
means of a 1/2-inch (12.7-mm) diameter rod with a hemispherical end.

63.2.2 When a 20 pound (89 N) force is applied for 1 minute over a 2-inch (50.8 mm) diameter area to
any part of a guard for moving parts, spacings shall not be permanently reduced to the degree that the
probe shown in Figure 10.3 contacts a portion of a moving part when inserted through any opening in the

guard.

63.3

Impact test — frames, guards, and metal enclosures

63.3.1 A frame, guard, or extern
a solid, smooth, steel sphere 2 inc
g). The sphere is to fall freely from
to be struck from above by the fregd
to fall as a pendulum through a verf

Exception No. 1: This test is not re
with the Standard for Polymeric Mg
63.4 Impact test — glass/cerami

63.4.1 Each glass/ceramic panel
enclosure shall withstand the tests

Exception: Breakage or cracking o

|

il enclosure of live parts shall withstand an impact applied by means of

es (51 mm) in diameter and weighing approximately 1.18 pounds (535
rest through a vertical distance of 51 inches (1.3 m). For a part not able
ly falling sphere, the sphere is to be suspended by a cord and allowed
ical distance of 51 inches (1.3 m).

nuired for a polymeric enclosure that has been evaluated in<accordance
terials — Use in Electrical Equipment Evaluations, UL 746€!

-cooking surfaces

of a glass/ceramic-top appliance that constitutes a part of the electrical
described in 63.4.2 and 63.4.3 without cracking or exposing live parts.

f the glass/ceramic panel as a result'of this test is acceptable provided

uninsulated live parts do not become wet when tested in accordance.with 63.4.4 — 63.4.6.

63.4.2 With reference to 63.4.1,
dropping a steel sphere, 2 inches
distance of 20-1/4 inches (514 mm

pach glass/ceramic panel.is(to be subjected to the impact produced by
(50.8-mm) in diameter @@and weighing 1.18 pounds (535 g), through a
. The test is to be conducted with the panel at room temperature.

63.4.3 Following the test describ
produced by dropping a 3.96 pou

d in 63.4.2, each glass/ceramic panel is to be subjected to ten impacts
(1.8 kg) weight through a distance of 6 inches (152 mm). The weight

is to be shaped as a cooking utensil, is todave a flat bottom of copper or aluminum, and is to have a
diameter of 4-1/4 to 5-1/8 inches (108 to 130 mm) with a corner radius of 3/8 inches (9.5 mm). Each panel
is to be subjected to ten impacts, gnd the impacts are to be equally distributed over the panel. The weight
is to be dropped so that it strikes the panel as flatly as possible. The test is to be conducted with the panel

at room temperature.

Exception: Concave glass/ceramic cooking surfaces are to be tested with a weight having the same
curvature as the surface to be tested. The diameter of the weight shall be the minimum diameter of
cooking pan (wok) intended to be used with the appliance.

63.4.4 With reference to the Exception to 63.4.1, to determine whether a broken or cracked panel is
acceptable, a solution of 1/2 liter (0.13 gallon) of distilled water containing 1/4 gram (0.009 ounce) of
calcium sulphate (CaSQ,) is to be spilled over the broken or cracked area of the panel.

63.4.5 Determination of whether uninsulated live parts have become wet as a result of testing is to be
done by visual inspection and the following means:

a) The appliance shall withstand without breakdown for 1 minute the application of the potential
specified in Section 51, Dielectric Voltage-Withstand test;
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b) A cord-connected appliance constructed according to 46.1 (a) or (b) shall comply with the
requirement in 46.1 in a repeated leakage current test, except that the test is to be discontinued

when leakage current stabi

lizes; and

c) An appliance, other than that constructed according to 46.1 (a) or (b), shall comply with the

Insulation Resistance Test,

Section 53.

These tests are to be conducted as soon after the water-salt solution has been poured on the

ceramic/glass panel as is possible

63.4.6 The tests noted in 63.4.5 are to be conducted between the following locations;

a) Between live parts and t

b) Between live parts and g
is to be covered with a 1-i
fiber insulation. A 10 inch
pounds (4.54 kg) isto be p

63.5

63.5.1 An exposed glass part, in

a) The glass shall be a n
performance specifications
Glazing Material Used in B

1 ]
IC CIICIVSUIT, dalilu

layer of metallic foil that is placed over the glass/ceramic panel. The folil
nch (25-mm) thick layer of 1 pound-per-cubic-foot (16 kg-per m®) glass
254 mm) diameter pan filled with sufficient water to make it weigh 10
aced on the insulation directly over the broken or cracked area.

Impact — exposed glass pfarts other than glass/ceramic cooking surfaces

Cluding a guard, shall comply with one of the following:

onshattering or tempered type that, when broken, complies with the
5 in the Performance Specifications and Methods of Test for Safety
Lildings, ANSI Z297.1; or

b) The glass shall withstgnd an impact from a 2-inch (51-mmj-diameter, smooth steel sphere,

weighing 1.18 pounds (5
cracking or breaking to the
63.1.1.

Exception: The requirement does
less than 0.115 inch (2.92 mm) thi

64 Mounting Means Test

64.1 When required by Conditi
described in 64.2 and 64.3. The te

B5 g) falling through a distance 0f*25-1/2 inches (646 mm) without
extent that a piece is released.or'dropped from its normal position. See

hot apply to glass that does not enclose uninsulated live parts and is not
bk, when no dimension. of the glass is greater than 12 inches (305 mm).

bn F incTable 43.1, a surface mounted appliance shall be tested as
5t result.is not acceptable when:

a) The appliance, separabl

b mounting bracket, or screws are pulled from the mounting surface:

b) The appliance becomes

detached from the separable mounting bracket; or

¢) The appliance is damaged to the extent that internal wiring, splices, a switch or uninsulated live
parts are exposed. Wireways or decorative parts are not prohibited from being bent.

64.2 Each test is to be conducted using the hardware provided by the manufacturer and with the
appliance mounted in accordance with the instructions provided. An adjustable appliance is to be adjusted
to the position that results in the most severe test.

Exception: When the instructions do not specify a minimum mounting surface, the tests shall be conducted
using 3/8 inch (9.5 mm) trade size plaster board securely attached to studs on 16 inch (406 mm) centers.
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64.3 A weight equal to three times the maximum normal weight of the appliance (including food or liquid
load, if applicable), but not exceeding 400 pounds, is to be gradually applied at the point of the maximum
projection of the appliance and maintained for 1 hour.

64.4 When an appliance is intended to be mounted to more than one surface, each combination shall be
tested.

65 Reservoir Tests
65.1 General

65.1.1  An automatic fill or manu
shall be investigated by subjecting jpt least one sample to all applicable tests described in this Section.

65.1.2 As a result of testing, liqu|d overflowing from the reservoir or chamber shall not wet uninsulated
live parts or film-coated wires, and shall not wet electrical insulation that is likely to be adversely affected
by the liquid used in the reservoir of chamber.

65.1.3 The test water for the test ppecified in 65.2 is to be tap water. The test water for the tests specified
in 65.3 and 65.4 is to be a hard water solution of 1/2 gram of calcium sulphate (CaSO,) per liter of distilled
water (0.07 ounces CaSo, per gallpn of distilled water).

65.1.4 Determination of whether|uninsulated live parts have become wet as a result of testing is to be
done by the following means:

a) Visual inspection;

b) The appliance shall withstand without breakdown for 1 minute the application of the potential
specified in Section 51, Dielectric Voltage-Withstand Test;

c) A cord-connected applignce constructed according-to 46.1 (a) or (b), shall comply with the
requirement in 46.1 in a repeated leakage current test, except that the test is to be discontinued
when leakage current stabiljzes; and

d) An appliance, other thap that constructed-according to 46.1 (a) or (b), shall comply with the
Insulation Resistance Test, Section 53.

65.2 Overflow test for automatit fill appliances

65.2.1 With the level sensing deyice)bypassed, water is to be allowed to overflow the reservoir for one

minute.

Exception No. 1: The duration of the test is to be extended when uninsulated live parts, film-coated wire,
or electrical insulation are likely to be adversely affected by the liquid when flooding is allowed to continue.

Exception No. 2: This test is not required when the level sensing device has been evaluated to the
Standard for Limit Controls, UL 353, and the sensing means is suitably protected from physical abuse and
corrosion and is unlikely to be defeated by an accumulation of food.

Exception No. 3: This test is not required when an appliance employs a plumbed overflow drain of
sufficient capacity to carry the maximum anticipated overflow rate of fill water of the appliance.
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65.3 Overflow test for manual fill appliances

65.3.1 The test water is to be poured into the reservoir through an orifice 3/8 inch (9.5 mm) in diameter.
The reservoir is to be filled until the reservoir begins to overflow. Then an additional amount of water, equal
to 50 percent of the volume required to reach overflow or 16 fluid ounces (0.47 liters) whichever is less, is
to be poured into the reservoir.

65.4 Removable container test
65.4.1

An appliance that incorporates a removable container shall be tested as specified in 65.4.2.

Exception: An appliance that is n
removable container test.

¥ : th 856 i . ected fo

65.4.2 With the cooking contain
poured into the appliance throug
wetting of live parts and wiring.

br removed, 16 fluid ounces (0.47 liters) of test water solution is to,be
n a 3/8-inch (9.5-mm) diameter orifice in the locations likely to cause

65A Door Latch Release Test

65A.1 An interior latch release device of a walk-in appliance, or door panel assembly door (see 5A.9.1)

shall release with a force of 15 po
N) per second.

65A.2 When the force required t
or similar actuator, the force is to b

65A.3 Components of a latch rq

unds (66.7 N) or less, applied at the rate of 3 to.4‘pounds (13.4 to 17.8

b release the door latch is intended to be applied to an interior bar, lever,
e applied to this actuator.

lease mechanism that permit the door to open as a result of a force

applied to an actuator shall not brg¢ak, crack, or permanently deform from the application of 50 successive

20 pounds (88.9 N) pushing ope
either or both are applicable, depe]

65B Door Opening Test

65B.1 The door of a walk-in app|
50 pounds (220 N) is applied.

65B.2 The force is to be applied

rations followed by 50 succéessive 20 pound pulling operations (when
hding on the component{construction).

iance, or deor.panel assembly (see 5A.9.1) shall open when a force of

at avrate of 3 —4 Ibs (13.4 — 17.8 N) per second until the door opens.

65B.3 When a door latch release mechanism is employed, the force is to be applied to the door within 12
inches (30 cm) of the interior latch release mechanism. The door opening test is conducted after the Door
Latch Release Test, 65A.

65B.4 When a door latch release mechanism is not employed, the release force measurements are to be
made by means of a force gauge at each of three points on the inside of the door or door liner edge on the
side opposite the hinges. One point is to be near the top of the door, one point near the bottom of the door,
and one point midway between these two points. The force measurements may be made at points on the
outer door surface corresponding to the three internal points.

65B.5 When the test in 65B.1 is applied to a door with an adjustable spring closing or counterbalancing
mechanism, the mechanism is to be adjusted to the position requiring maximum opening force.
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PERFORMANCE - COMPONENTS

66 General

66.1

The tests in Sections 67 — 79 are to be conducted in any order on components outside the

appliance, or, with the consent of all concerned, in the appliance.

67 Transformer Burnout Test

67.1

The overcurrent protection is not required to be included in the primary of a transformer as specified

in Exception No. 3 to 28.3.3, when the transformer is operated as described in 67.2 or 67.3, and when:

a) There is no emission of flame or molten metal from the enclosure of the appliance; and

b) The fuse in the ground cgnnection does not open.

67.2 The circuit on which the trapsformer is tested is to be protected by fuses rated not less thanthat

required for the appliance. Expos

fuse. Each accessible fuse provi
inaccessible fuses are to remain in
frequency. The load connected to
continued until constant temperat
burnout occurs.

67.3 The burnout test is to be ¢
resistance of such value that thrg
winding, except that the output is t
rated current being drawn from t
connected to a motor with the rg
solenoid, relay, or the like — the lar
blocked open is to be determined.

the coil.

dead metal parts are to be connected to ground through a.3-ampere
ed with the transformer is to be replaced with a dummy-fuse, and
the circuit. The test voltage is to be as specified in 50.4.14and at rated
the output terminals is to be as described in 67.3. Operation is to be
ires are indicated by a thermocouple on the transfermer coil or until

bnducted with the output terminals of the transformer connected to a
e times the full-load rated current will be*drawn from the secondary
b be short-circuited when such condition'results in less than three times
ne secondary. The test may be conducted with the output terminals
tor locked. The load imposed, on the transformer by the coil of any
jest of such devices when maore than one is present — with its armature
he test is to be conducted with an equal resistance load substituted for

68 Endurance Test for Tempergture-Regulating/Controls

68.1 A temperature-regulating cg
of cycles specified in Table 27.1.
mechanically and electrically operg

ntrol shall be\subjected to an endurance test consisting of the number
At the cempletion of the test, the temperature control shall remain
ble.

68.2 The temperature-regulating

control or_switching device is to be cycled while operating at the

maximum rated load of the controlled circuit.

69 Endurance Test for Interlock Switches

69.1

An interlock system as specified in 14.1.5 shall function as intended after 100,000 cycles of

operation controlling a load not less than that controlled in the appliance.

70 Motor Switch Overload Test

70.1

A switch that controls a motor and that does not have a horsepower rating for that motor shall be

subjected to an overload test consisting of 50 cycles of making and breaking the stalled-rotor current of the
motor. There shall be no electrical or mechanical malfunction of the switch, nor any undue pitting or
burning of the contacts.
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70.2 To determine whether a switch complies with the requirement in 70.1, it is to be tested with the rotor
of the motor locked and with exposed dead metal parts of the appliance grounded. The appliance is to be
connected to a supply circuit of rated frequency and maximum rated voltage. Electrical connections are to
be such that a single-pole switch is connected in the ungrounded conductor of the supply circuit. An
appliance intended for use on direct current is to be tested with a direct-current supply.

71 Components Containing Liquid Metal Test

71.1 Liquid metal escaping due to the deliberate rupture by overpressure or deliberate puncture of a
bellows, diaphragm, or other liquid-metal-containing part shall not enter an oven or food handling
compartment, or contact food handling hardware. Mercury, sodium, and potassium shall be contained in

the switch body or control enclosure. There shall be no resulting risk of fire.

Exception: A temperature-regulat
when it has previously been eval
Indicating and -Regulating Equip
Controls for Household and Simila
Part 2 standard from the UL 607 3(

72 Printed-Wiring Board Abno

72.1  Where required by Exceptig
72.3 —72.8. As a result of this test

a) The overcurrent protect
open;

b) When a wire or a printe
test continued until ultimate

ng or -limiting control is not required to be evaluated according to 71.1
Jated to the applicable requirements in the Standard for Temperaturé
ment, UL 873. Compliance with the Standard for Automatic Electrical
I Use, Part 1: General Requirements, UL 60730-1, and/or the applicable
series fulfills these requirements.

rmal Operation Test

n No. 2 of 37.1.1, printed-wiring boards are to be testéd as described in

on in the branch circuit to which the equipfment is connected shall not

j-wiring board trace opens, the gapis‘to be electrically shorted and the
results occur;

c) A flame shall not be emitted from the overall enclosureof the equipment;

d) The cheesecloth or tissu

e) The 3-ampere fuse conn

72.2 Operation of an overcurren
device, before any abnormal co
opens, the marking specified in 89

e paper shall not glow or flame; and

ected in the equipment grounding circuit shall not open.

t protectiontdevice, other than the branch circuit overcurrent protection
ndition results is acceptable. When an overcurrent protective device
|11 shallbe provided.

72.3 With respect to the limiting

imppdanr‘p circuit rpqnirpmnnte in 34 7 a circuit ellpplind hy a Iimiting

impedance shall comply with the following:

a) The supply to the device

shall be as specified in the Normal Temperature Test, Section 50.

b) Starting at the input to the circuit, the maximum wattage available to the secondary circuit under
consideration is to be measured by connecting a variable resistive load between the load side point

of each component in line

with the source and the supply return. The variable resistance is to be

adjusted to a value which maintains a level of 15 watts as measured by a wattmeter. Each
component capable of maintaining 15 watts or more for a period of 5 seconds is to be identified.

c) That portion of the circuit that is supplied by a maximum power availability of 15 watts is
considered as a derived low voltage circuit.

72.4 A sample of the equipment employing the printed-wiring board is to be wired as intended to an

electrical supply circuit sized and

protected to simulate end-use conditions. When the live parts on the
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printed-wiring board have spacings between them that are less than those specified in Table 37.1, they are
to be short-circuited one at a time.

72.5 A 3-ampere fuse is to be connected between the supply circuit pole least likely to arc to ground, and
the outer enclosure (if any) and grounded or exposed dead metal parts.

72.6 During the abnormal test, the equipment is to be placed on a softwood surface which is covered
with white tissue paper. A single layer of cheesecloth is to be draped loosely over the entire enclosure.
Open equipment is to be tested in an enclosure judged to be representative of that likely to be
encountered in service. When agreeable to those concerned, tests are not prohibited from being
conducted without an enclosure and are determined to be representative of tests conducted using an
enclosure. When tests are to be conducted without an enclosure, cheesecloth is to be placed on a wire

cage surrounding and in close prpximity to the equipment under test in order to simulate the intended
enclosure.

72.7 The test is to be continued for 1 hour or until one of the conditions described in 72.1 occurs.
However, if at the end of 1 hour npne of the conditions described in 72.1 have occurred, and indicatiens

are such that a condition will eventgially occur, the test is to be continued until ultimate results are ebtained.

72.8 When the circuit is interrupted by the opening of a component, the test is to be repeatéd twice using
new components.

73 Secondary Circuits Tests
73.1 General

73.1.1 The following tests are to| be conducted as specified in Sectiory 34, Secondary Circuits. Unless
otherwise specified, the tests are tp be conducted with the supply for'the secondary circuit connected to a
circuit of rated voltage.

73.2 Maximum voltage

73.2.1 The maximum available vpltage between anytwo of the source terminals of the secondary circuit
shall be measured, with or without any combination ofinterconnected secondary terminals.

Exception: The secondary terminals are not{fequired to be interconnected during the test when all of the
following are met:

a) No more than one seconglary,circuit is accessible outside the appliance enclosure; and

b) Separation is maintained between the secondary circuits in accordance with Section 40,
Separation of Circuits.

73.2.2 The voltage is to be measured in an open-circuit condition. When solid-state limiting circuitry or
other considerations result in the maximum voltage being obtained under another loading condition, the
voltage is also to be measured with a variable resistive load to determine the maximum available voltage.

73.2.3 Voltage measurements are to be made using a voltmeter having an internal impedance of not less
than 3,000 ohms per volt.

73.2.4 The results are determined to comply when the maximum available voltage for a limited
voltage/current circuit, a limited voltage circuit, or a limited energy circuit is not more than 30 V rms/42.4
volts peak, or 60 V dc. See 34.1.9 and 34.1.10.
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73.3 Maximum current test for

73.3.1

inherently limited circuits

The maximum available current in a secondary circuit intended to be inherently current limited

shall be tested as described in 73.3.2 — 73.3.7. Multiple secondary windings, if any, shall be
interconnected to produce maximum current.

Exception: Multiple secondary windings are not required to be interconnected during the test when all of

the following are met:

a) No more than one secondary circuit is accessible outside the appliance enclosure; and

b) Separation is maintained between the secondary circuits in accordance with Section 40,

Separation of Circuits.

73.3.2 A resistance load that prg
determined. The secondary circulif
to the source of that secondary is
current is to be measured as follow

a) When a separate curr
temperature coefficient de
or

b) When no separate curre
minutes of operation.

duces the largest initial value of current (including short circuit) is to be
to be tested is to be loaded with this value of resistance, and the input
to be energized at the rated voltage while at room temperature-/The
s:

ent-limiting impedance is provided [such as a resistor ‘or a positive
ice (PTC)], the current is to be measured after 5 seconds-of operation;

nt-limiting impedance is provided, the current is:te be measured after 2

73.3.3 The results are in compliaince when the measured current does_not exceed 8 amps for a limited

voltage/current circuit.
73.3.4 The impedance of the shq

73.3.5 For a transformer, only on
a time, and all other secondaries
measurements can be made dire
tapped transformer winding is use|
either end of the winding to the
supply, the voltage and current m
rectification means.

rt circuit measuring circuit in thé.secondary is to be limited to 0.03 ohm.

e secondary circuit of a multiple secondary transformer is to be tested at
not under test are to be loaded as intended. The voltage and current
ctly across the secondary output terminals of the transformer. When a
d to supply a full;lwave rectifier, the measurements are to be made from
fap. When the ‘transformer is used as part of a switching-type power
easurements‘are to be made after the transformer secondary winding

73.3.6 When the current is interlupted by a resettable or replaceable protective device, the test is to be

chortad

repeated with the protective devic

<

STTOTTCUTT

73.3.7 When the current is interrupted by a nonresettable, nonreplaceable protector or by coil burnout,
other samples are to be tested by continuously adjusting the resistance load to hold the current just above
the value specified in 73.3.3 for two minutes. The results are acceptable when the circuit is not able to
maintain the current given in 73.3.3 for two minutes or when the current is interrupted.

73.4 Limited power point determination test

73.4.1 With reference to 34.7.1(b), a determination shall be made as to which points in the circuit are
capable of delivering a power greater than 15 watts for more than 5 seconds into an external variable
resistor connected singly between each point in the circuit and its supply return (circuit common). See
73.4.2.
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73.4.2 To determine the points capable of delivering a power of more than 15 watts, the external resistor
is to be set for maximum resistance before being connected to the circuit under investigation. The external
resistor is to be adjusted until the maximum wattage is consumed as indicated by a peak reading of the
wattmeter. A reading of greater than 15 watts indicates that the points are capable of delivering greater
than 15 watts. The external resistor is to then be moved, point by point, from the point farthest from the
load to other points toward the load side of the circuit until a point is reached where the maximum power
consumed by the external resistor (as indicated by a peak reading of the wattmeter) is not more than 15
watts. During the test, the appliance is to be connected to a source of supply and operated as specified in
the Normal Temperature Test, Section 50.

Exception: When the portion of the appliance in question is tested separately from the main body of the
appliance, the source of supply and loading are to be equivalent to those supplied to the circuit within the

appliance when the appliance is o

73.4.3 With reference to 73.4.1,

erated as speciiied in the Normal lTemperature [esl.

when a thermal or overcurrent protective device operates during the

test, a shorting switch is to be conpected across the protective device in the closed position. The exterhal

resistor is to be adjusted for max
resistor is to then be adjusted so
reading. The switch across the p
protective device to open is to be
less while the resistor is dissipatin
watts has been located. See 89.11

73.5 Component failure

73.5.1 A power supply or other
under single-fault conditions (see 3

imum resistance before being connected in the circuit. The external
that the power it dissipates is 15 watts as indicated by the wattmeter
Fotective device is to then be opened and the time required for the
ecorded. When the protective device opens the circuit in/5'seconds or
j 15 watts, the first circuit point not capable of deliveritg more than 15

source that is required to limit current or'power to a secondary circuit
4.4.7 and 34.7.2), shall limit the currentor power as required with each

resistor, capacitor, or other circu
considered part of the limited volta
circuited one at a time. For a discr
triac, or similar device) any com
integrated circuit device, the follow

t element connected between the power supply and the first point
ge/current circuit or limiting impedance circuit is to be open- or short-
bte device having more than«two terminals, (such as a transistor, SCR,
bination of two terminalssshall be open- or short-circuited. For an
ng combinations of terminals shall be tested:

a) Each pair of adjacent terminals shorted;

i

¢) Each output terminal sho

b) Each input terminal shorted to (referenced) ground terminal;

rted to (referenced) ground terminal;

d) Each input terminal shorted.to each power supply;

e) Each output terminal shorted to each power supply; and

f) Each terminal open-circuited.

Exception No. 1: A resistor investigated for compliance with respect to end-use conditions and
incorporating insulation or spacings to reduce the risk of a short circuit or reduction in resistance is not to
be short-circuited.

Exception No. 2: A capacitor, capristor (parallel combination of a capacitor and resistor), or similar circuit
component, complying with requirements for antenna coupling and line bypass components described in
the Standard for Capacitors and Suppressors for Radio- and Television-Type Appliances, UL 1414, and
investigated for compliance with respect to end-use conditions, is not to be short-circuited.

Exception No. 3: Testing of an integrated circuit is to be reduced when the location of points capable of
delivering more than 30 Vac, 42 V peak, 60 V dc, or 8 amps after 2 minutes for limited voltage/current
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circuits or 15 watts for limiting impedance circuits under the conditions in (a) — (f) is capable of being
determined by circuit analysis.

73.5.2 With respect to 34.4.7 and 34.7.2, the tests mentioned in 73.5.1 shall be used to modify the
determination of the first point of the limited voltage/current circuit or the limiting impedance circuit, when
required.

73.5.3 Circuit components which, when taken together are relied upon to limit power in connection with
the requirements in this section, shall be of the fixed type and shall be investigated as a unit with respect to
end-use conditions.

73.6 Maximum power test

73.6.1 The maximum obtainablg output power is not to exceed 200 VA for limited energy circuits (see
34.6) or limited voltage/current cirguits (see 34.4). Protective devices are to be shorted out during this test!
Multiple secondary windings are tp be interconnected to produce maximum output power. The maximum
output power is to be determined py the steps described in (a) — (g). Different samples are to be used for
each condition.

a) The full load secondary Yoltage (Vg ) is to be measured at rated secondary current (I, ).

b) Using the value of the open circuit secondary voltage (Voc) determined as déscribed in 73.2, the
internal resistance (R)) of the transformer is to be calculated using the formula:

R =Voc— Vi) ! gy

c¢) The load resistance (R, )[required in (d), (f), and (g) is to be caleulated using the formula:

R o—R—2
Lo 11.0-%

In which % is the percent of open circuit secondary voltage (for example, for the value 50, % would

be equal to the value 0.5).

d) Starting with the transformer at room.temperature, the transformer is to be loaded with a
resistance load (R.), calcylated as described in (c), with the percent of open circuit secondary
voltage (%) equal to 0.65. [The ampere rating of the resistance load (R, ) shall be not less than the
maximum secondary output current (lp). At the end of 2 minutes of operation, the secondary
voltage (Vo) and secondgry.eutput current (Iy) are to be measured. Once the transformer is
energized there shall be nd adjustment of the resistance load (R, ).

e) The maximum output power (VAp) is to be calculated using the formula:

VAp = Vo x 1,

f) When the output power (VAp) calculated in (e) exceeds 200 VA, the result is unacceptable. When
the output power (VAp) calculated in (e) is not more than 160 VA (80 percent of 200 VA), the result
is acceptable. When the output power (VAp) calculated in 73.6.1(e) is within 40 VA (20 percent) of
200 VA, additional secondary voltage (Vo) and current (Ig) measurements are to be made and the
maximum output power (VAp) is to be calculated with the percent of open circuit secondary voltage
(%) equal to 0.6 and 0.7. The results are unacceptable when the calculated output power (VAp)
exceeds 200 VA.

g) When the maximum output power (VAo) calculated at either the 0.6 or 0.7 level in (f) is greater
than that calculated in (e), additional measurements are to be made. The resistance load (R,) is to
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be set to the value calculated with the percent of open circuit secondary voltage (%) in (f) which
resulted in a calculated maximum output power greater than that calculated in (e).Successive 0.05
increments are to be used to calculate R, and measurements are to be taken until the calculated
output power (VAp) starts to decline. The results are acceptable when the maximum calculated
output power (VAg) does not exceed 200 VA.

73.7 Power dissipation test

73.7.1 With respect to 34.7.1(a),

the power dissipated by the limiting impedance shall not exceed the

power rating of the impedance when tested in accordance with 73.7.2.

73.7.2 With the circuit connected and loaded as intended in use, the voltage across the limiting

impedance and the current throug
multiplied together to obtain an a
values vary based upon control ¢
taken to determine the maximum p

74 Parts Subject to Contact wit

74.1 When the deterioration of a
fire, electric shock, or injury to pe
resistant to deterioration from the
member, strain relief, or similar g
determine whether it is resistant to

Exception No. 1: When the maxim|
exceed the previously determined
subject to additional degradation
required to be further investigated.

Exception No. 2: Tubing which ¢
(104°F) during normal operation, is
of at least 200 psig, is not required

74.2 To determine whether a ¢
complies with the requirement in
requirements for tensile strength,
157. The material under test is &
minimum values specified in Table

h the limiting impedance are to be measured. These values are to be
bproximation of the power dissipation of the impedance. When these
ositions, mode of operation, etc., sufficient measurements are to be
bwer dissipation.

h Oil or Other Liquids

liquid container, seal, tubing, hose, or similar item increases the risk of
sons, the part in question shall be investigated to determine that it is
iquid intended to be used in contact with it. An enclosure, supporting
art, which is subject to contact with hot oil, shall be investigated to
deterioration caused by exposure to hot oil.

L/m temperature measured during normal operating conditions does not
mechanical temperature index of the>material, and the material is not
by the liquid with which it comes\in contact, the component is not

pntains water at or below,water line pressure, and at or below 40°C
provided with a reinforcing outer braid, and has a manufacturer's rating
fo be further evaluated.

art made of, elastomers, flexible cellular, or thermoplastic material
74.1, an~investigation is to be conducted in accordance with the
elongation; and hardness in the Standard for Gaskets and Seals, UL
cceptable when these properties are found to be not less than the
7420\

Exception: When parts are subject to contact with cooking oil, the tests in UL 157 are to be modified to
include conditioning in cooking oil at the temperatures specified in the oven aging table of UL 157 rather
than in an air oven. The maximum service temperature shall be determined by measuring the maximum
temperature on the part, or surfaces in contact with the part, during the Normal Temperature Test, Section
50. However, when hot cooking oil is the major source of heat, the maximum service temperature is
allowed to be 204°C (400°F) without further temperature measurement. The cooking oil is to be changed
every 7 days during the test.

74.3 To determine whether a composite gasket complies with the requirement in 74.1, an investigation is
to be conducted in accordance with the requirements for tensile strength in the Standard for Gaskets and
Seals, UL 157. Test samples shall be taken from sheets in both the traverse and longitudinal directions.

Exception: When parts are subject to contact with cooking oil, the tests in UL 157 are to be modified to
include conditioning in cooking oil at the temperatures specified in the oven aging table of UL 157 rather
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than in an air oven. The maximum service temperature shall be determined by measuring the maximum
temperature on the part, or surfaces in contact with the part, during the Normal Temperature Test, Section
50. However, when hot cooking oil is the major source of heat, the maximum service temperature is
allowed to be 204°C (400°F) without further temperature measurement. The cooking oil is to be changed
every 7 days during the test.

Table 74.1
Artificial aging tests
Maximum temperature Minimum percent of Maximum change
on component during original (unaged) value for | from unconditioned
normal temperature test samples value (units)
Duration ¢f test and temperature of air Tensile Indentation
°C (°F) oven strength Elongation hardness
60 (140) Air oven agjng for 70 hours at 100 +2°C 60 60 15
(212 £3.6°H)
75 (167) Air oven agjng for 168 hours at 100 +2°C 50 50 15
(212 £3.6°H)
90 (197) Air oven agjng for 168 hours at 121.0 50 50 +10
+1.0°C (249.8 £1.8°F)
105 (221) Air oven agjng for 168 hours at 136.0 50 50 +10
+1.0°C (276¢.8 £1.8°F)
Above 105 (Above Air oven agjng for 168 hours at 31°C 50 50 +10
221) (55.8°F) higher than the temperature
attained in pormal use

74.4 To determine whether a $train relief bushing or other strainyrelief means complies with the
requirement in 74.1, an investigation is to be conducted in accordance with 74.2. However, instead of
performing tensile strength, elondation, and hardness tests, the<Strain Relief Test, Section 60, is to be
repeated after the aging of part.

74.5 To determine whether a paft constructed of a thermoset material (such as phenolic) complies with
the requirement in 74.1, an invesjigation is to be conducted in accordance with 74.2 for tensile strength
only. The tensile strength test is tq be conducted as described in the Standard for Gaskets and Seals, UL
157, except the rate of travel of thg power actuated.tip is to be 1/10 inch (2.54 mm) per minute.

75 Hydrostatic Pressure Test

75.1 When required by 41.1.7, fwo.samples of each part subject to pressure are to be filled with any
nonhazardous liquid, such as wate -
The pressure is to be raised gradually to the reqwred test value and is to be held at that value for 1 mlnute
during which time the sample shall not burst or leak. Leakage is to be determined visually by examination
of the sample for release of the test medium or as evidenced by a decreasing hydrostatic gauge pressure.

Exception: Leakage at a gasket or seal meets the intent of the requirement when it does not occur at a
pressure lower than 40 percent of the required test value. The component is to be capable of withstanding
the required test pressure even though leakage occurs at the gasket or seal.

76 Start-To-Discharge Test

76.1 When required by 41.1.8 or 41.3.3, the setting of a pressure-relief device, determined in
accordance with 76.2, shall not exceed the value marked on the device. See 89.15.
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76.2 Two samples of the device are to be tested. Each sample is to be connected to a gas source, such
as air, carbon dioxide, or nitrogen. Oxygen or any flammable gas is not to be used. The sample is to be
immersed in water, and the pressure is to be gradually increased until the device starts to discharge as
evidenced by the occurrence of bubbles in the water. The test is to be repeated for a total of three
operations of each sample. The highest value obtained in tests of the two samples is determined to be the
setting of the device.

77 Relief Device Maximum Pressure Test
77.1 When required by 41.3.4(d), two samples are to be subjected to the test described in 77.2 and 77.3.

77.2 The appliance is to be operated continuously at rated input, with all controls that limit the pressure

in the system bypassed or disabled. Operation is to be continued until ultimate results have occurred. The
pressure in the system shall not exgeed the pressure setting of the pressure relief device.

77.3 When agreed upon by all inJolved parties, the pressure vessel/pressure relief device combinatien\is
not prohibited from being tested s¢parately, using an external pressure source of sufficient pressure and
capacity to simulate the appliance.
78 Pressure Controls Endurange Test

78.1  Where required by 41.4.1, 3
the number of cycles indicated in Tj

pressure control shall be subjected to an endurance test consisting of
hble 78.1. At the completion of the test:

a) Both pressure controls shall remain operable; and

b) When reinstalled in the
exceeding 90 percent of the
Normal Temperature test, S

78.2 Two samples of the device,
connected to a gas source, such a
be used. A pressure measuring de
The sample is to be immersed in
operates to open the control circuit

appliance, both pressure controls shall prevent the pressure from
relief-device setting when the appliance is operated as specified in the
ection 50.

including the sensing means, are to be tested. Each sample is to be
5 air, carbon dioxide, or nitrogen. Oxygen or any flammable gas is not to
ice is to be placed.in\the source line as close to the device as possible.
water, and the pressure is to be gradually increased until the device

Table 78.1
Cycling for pressure controls

Number ot cycles

Maximum Maximum
cycles per cycles per
Type of control Total First minute Last minute
An automatically reset 100,000 75,000 6 25,000 12
control

@ The test is to be conducted with 50 +20 percent on time. The control is to be tested using a slow rate of change

79 Permanence of Marking Test

79.1 Labels

79.1.1
the intended application are to be

When required by 84.2 or the Exception of 84.1, three sample labels applied to test surfaces as in

conditioned for 24 hours in a controlled atmosphere maintained at 23
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1+2°C (73 +4°F) and at a 50 £5 percent relative humidity, followed by immersion in corn oil at a temperature
of 200 £2°C (392 +4°F) for 48 hours. After the conditioning, the labels shall comply with 79.1.3.

Exception: The oil temperature is to be 23 +2°C (73.4 £3.6°F) when the label is:
a) Used on an appliance that does not employ oil or grease in the cooking operation; or

b) Located inside the enclosure or otherwise shielded from spillage of hot oil.

79.1.2 When required by 84.3, three sample labels applied to test surfaces as in the intended application
are to be conditioned for 24 hours in a controlled atmosphere maintained at 23 £2°C (73 +4°F) and at a 50
15 percent relative humidity. The labels are to then be immersed for 48 hours in a liquid representative of

service use, maintained at the ten
conditioning, the labels shall comp

79.1.3 After being immersed ag
accordance with the tests descri
Marking and Labeling Systems, |
removal from the test liquid. Howe
samples are dried for at least 24 h
50 5 percent.

79.2 Cord tags

79.2.1 A tag used for a marking

% ) L H T H H ol 1 ) D L0 ALy )
MTTaturc Uic YUl atlaitio M st vile, diriu TIU TCoo UldlT 29 L4 U ATICT UIT

ly with 79.1.3.

specified in 79.1.1 and 79.1.2, the samples are to be evaluated in
pbed in the table titled Permanence and Legibility in the Standard) for
L 969. The evaluation is to be made while the samples are_wet" after
ver, the Adhesion Test specified in UL 969 is to be conducted, after the
burs at a temperature of 23 +2°C (73.4 £3.6°F) and a relative humidity of

as described in 84.9 shall comply with the, requirements in 79.2.2 —

79.2.5, the requirements for permanence and legibility in the Standard for Marking and Labeling Systems,

UL 969, and with 79.1, when appli

79.2.2 Three as-received sampl
that have been subjected to the
subjected to the test described
requirements:

a) The tag shall not tear for

b) The tag shall not separa

cable.

bs of the tag/cord assembly andsix samples of the tag/cord assembly
conditioning specified in 79:2.4, three for each condition, are to be
n 79.2.5. After testing, the’samples shall comply with the following

more than 1/16 inch:(1.6 mm) at any point;

e from the pewer-supply cord;

¢) The tag shall not slip or move aleng the length of the power-supply cord more than 1/2 inch (12.7

mm);

Exception: The tag is not p

rohibited from slipping when no cautionary markings are provided on the

tag.

d) There shall be no permanent shrinkage, deformation, cracking, or any other condition that will

render the marking on the t

ag illegible; and

e) Overlamination shall remain in place and not be torn or otherwise damaged. The printing shall

remain legible.

79.2.3 Each sample is to consist of a length of power-supply cord. The tag is to be affixed to the power-
supply cord in the intended manner. If tags are applied by an adhesive, tests are to be conducted no
sooner than 24 hours after application of the tag.

79.2.4 The conditioning required by 79.2.2 is to consist of the following:
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a) The samples are to be conditioned for 24 hours in an air-circulating oven maintained at a uniform
temperature of 87.0 £1.0°C (188.6 +1.8°F). Following removal from the oven, the samples are to
remain at a temperature of 23.0 £2.0°C (73.4 £3.6°F) and a relative humidity of 50 +5 percent for
30 minutes before testing.

b) The samples are to be conditioned for 72 hours in a humidity of 85 +5 percent at 32.0 +2.0°C
(89.6 £3.6°F). The samples are to be tested within 1 minute after the conditioning.

79.2.5 The power-supply cord, with the attachment plug pointing up, is to be held tautly in a vertical
plane. A force of 5 pounds (22.3 N) is to be applied to the uppermost corner of the tag farthest from the
power-supply cord, within 1/4 inch (6.4 mm) of the vertical edge of the tag. The force is to be applied
vertically downward in a direction parallel to the major axis of the cord and maintained for 1 minute. In

determining compliance with 79.2.¢_(d), Illdllipu:atiull s pucai'uic, suchas atlaigiltcllillg ofthe tag Iuy frand:
MANUFACTURING AND PRODUCTION TESTS
80 Dielectric Voltage-Withstang

80.1 Each appliance shall withstand without electrical breakdown, as a routine production-line’test, the
application of a potential at a frequéncy within the range of 40 — 70 hertz, or a dc potential:

a) Between the primary wiring, including connected components, and accessible dead metal parts
that are likely to become enprgized; and

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

80.2 The production-line test shall be in accordance with either Conditionh A or Condition B of Table 80.1.

Table 80.1
Production-line test conditions
Condition A Condition B
Potential, volts . Potential, volts .
. . Time, Time,
Appliance rating ac dc seconds ac dc seconds

250 volts or less 1000 1414 60 1200 2500 1
Rated more than 250 1000 + 2V 1414 H22\2 60 1200 + 2.4\° - 2
volts

@ Maximum rated voltage.

80.3 For equipment employing secondary circuits, the test is to be conducted with the low-voltage circuit
connected to the cabinet, chassis, or other dead metal part so that the potential applied between the high
voltage live parts and dead metal parts will simultaneously be applied between high-voltage live parts and
low voltage circuits.

80.4 The test is to be conducted when the appliance is fully assembled. The appliance is not to be
unwired, modified, or disassembled for the test.

Exception No. 1: The test is not required on a part, such as a snap cover or friction-fit knob, that interferes
with performance of the test is not required to be in place.

Exception No. 2: The test need not be performed with the appliance fully assembled when the test
represents that for the complete product. Any component not included shall not affect the results with
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respect to determination of the risk of electric shock resulting from mis-wiring, defective component,
insufficient spacings, and the like.

80.5 Solid-state and similar components that have the potential to be damaged by a secondary effect of
the test (such as an induced voltage surge or excessive heating) are to be short-circuited by means of a
temporary electrical jumper or the test is to be conducted without the component electrically connected.
The wiring and terminal spacings are to be maintained. Additionally, components providing a direct current
path in parallel with the insulation to be tested (primary to dead-metal) are not prohibited from being
disconnected during the test. Examples of such components are discharge resistors for filter capacitors
and voltage limiting devices such as transient voltage suppressors (other than capacitors).

80.6 Where an appliance contains multiple heating elements, such that a false indication of breakdown is

possible due to cumulative leaka
from being tested individually or in

80.7 The test equipment shall hg
of electrical breakdown, and eith
breakdown or an automatic rejec
applied, the test equipment shall in

80.8 When the output of the teg
shall include a voltmeter in the out

80.9 When the output of the tes
shall be indicated:

a) By a voltmeter in the prin
b) By a selector switch mar

c) For equipment having a
indicate the test potential.

ge currents and/or capacitive effects, the elements are not prohibited
smaller groups.

ve a means of indicating the test potential, an audible or visual indjcator
er a manually reset device to restore the equipment after electrical
feature for any unacceptable appliance. When an ac test potential is
clude a transformer having an essentially sinusoidal output.

t-equipment transformer is less than 500 volt-amperes, the equipment
put circuit to directly indicate the test potential.

-equipment transformer is 500 volt-amperes or-more, the test potential

nary circuit or in a tertiary-winding circuit;
ked to indicate the test potential;or

single test-potential output,(by a marking in a readily visible location to
When a marking is used without an indicating voltmeter, the equipment

shall include a positive means, such as an indicator lamp, to indicate that the manually reset switch

has been reset following a

80.10 Test equipment other thar
found to accomplish the intended f

80.11 During the test, the primar

Hielectric breakdown:-

that describedin 80.7 — 80.9 is not prohibited from being used when
actory control

y switch is to be in the "on" position, both sides of the primary circuit of

the appliance are to be connected

tagether and to one terminal of the test equipment, and the second test-

equipment terminal is to be conne

tedtotheaccessibte dead metat:

Exception: An appliance having circuitry — resistive, high-impedance winding, or the like — not subject to
excessive secondary-voltage build-up in the case of electrical breakdown during the test may be tested:

a) With a single-pole primary switch, if used, in the "off" position; or

b) With only one side of the primary circuit connected to the test equipment when the primary
switch is in the "on" position, or when a primary switch is not used.

81 Grounding Continuity

81.1

Each cord-connected appliance shall be tested as a routine production-line test to determine that

continuity exists between the grounding blade of the attachment plug and the exposed dead metal parts

described in 18.1.
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81.2 Any indicating device such as an ohmmeter or a low-voltage battery-and-buzzer combination, is to
be employed to determine compliance with the grounding continuity requirement in 81.1.

82 Pressure Vessels and Parts Subject to Pressure

82.1 Unless it is certified by the American Society of Mechanical Engineers (ASME) and eligible to be
covered by the National Board of Boiler and Pressure Vessel Inspectors, each pressure vessel and
pressure-relief device shall be examined and tested as specified in 82.2 — 82.4 to determine that it is
acceptable.

82.2 Each pressure vessel shall be visually examined to determine that the welds, pipe connection
fittings, and general assembly details are acceptable. Each weld shall be continuous, smooth, uniform,

and with penetration and fusion f
voids or impurities, undercuts, ove

82.3 Each pressure vessel shall
the vessel. The pressure is to b
acceptable when it ruptures or leak

82.4 Each automatically reset pr

its entire length. The weld shall be free of scale or slag, and without
laps, abrupt ridges, or valleys.

withstand a pressure of 1-1/2 times the maximum marked pressure ‘of
b gradually increased to the specified test value. The vessel'is not
s during the test.

bssure-relief device shall be tested at its marked setting-to determine

that it functions as intended. The dgvice is to be tested with air or a similar pneumatic source.

APPLIANCE RATINGS
83 Electrical Ratings

83.1 An appliance shall be rated
number of phases when the app
intended for a 3-phase 4 wire "Y" ¢
The rating shall include the nu
ungrounded and grounded supply

the appliance is designed for use o

Exception: In place of a frequency
not contain a component such as é
rating is required.

83.2 When the input currents o
overcurrent protection or supply wi

in volts, amperes or watts, and frequency. The rating shall include the
iance is designed for use on a-polyphase circuit, and an appliance
onnection shall include "Y" in the voltage rating (such as 208Y, 480Y).
mber of current-carrying .. power supply conductors (including both
conductors, but not including the equipment grounding conductor) when
h a circuit with more than two current-carrying conductors.

rating, an applianeeé is not prohibited from being rated ac, when it does
motor, relay:cail, or other control device for which a specific frequency

f different ungrounded supply conductors vary sufficiently to require
Fingydifferent from that which would be calculated assuming a balanced

load, see 28.1.3, the current rati

19— of eachmdividuatungrournded —suppty conductor shatt—be—stated

separately (for example, L1: _ amperes, L2:  amperes).

Exception: The current ratings of
stated separately when:

the individual ungrounded supply conductors are not required to be

a) The appliance is rated in watts and the maximum ampere rating (the maximum current drawn
from any individual ungrounded supply conductor) is specified; and

b) One of the following is true:

1) The requirements of this Standard (for instance, the short-circuit and ground-fault
protection requirements in Section 28) would be met if all ungrounded supply conductors
were protected by protective devices rated in accordance with the maximum ampere rating

given (see 28.1.3); or
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2) The appliance is marked to specify the use of a protective device with a specific rating, in
accordance with the Exception to 28.1.3, and the requirements of this Standard are met
when the appliance is protected at that rating. See also 28.1.4.

83.3 The voltage rating shall be in accordance with any appropriate single voltage or range of voltages
such as 110 — 120, 120/208Y, 220 — 240, 120/240, 277/480Y, 254 — 277, 416, 440 — 480, 550, 575, and
600.

83.4 A nominal 120/208Y, 120/240, 120/208Y, 208 volt single or three phase, or a 120/240 appliance is
considered to involve a potential to ground of less than 150 volts. A two-wire, single-phase, or a three-
wire, three-phase appliance with a rating in the range from 220 — 240 volts is assumed to involve a

potential to ground of more than 150 volts.

Exception: A two-wire, single-pha
220 — 240 volts is assumed to invg
accordance with 86.11, 86.12, 88.

be or a three-wire, three-phase appliance with a rating in the range from
lve a potential to ground of 150 volts or less if the appliance is marked in
B, or 88.9.

83.5 An appliance intended for a

83.6 The added load that may bg
plug receptacle that serves as a

percent of the current rating of a
(see 86.15) —is to be taken into co

83.7 The added load that may b
or accessories, see Section 6, is
the appliance.

83.8 The rated power of an appl
heating elements that operate sim
appliance shall not be less than th
of any resistive heating elements t

Exception: When, under normal cq
its rated voltage, the power or c
following formulas:

ternating current only or direct current only shall be rated accerdingly.

imposed on an appliance and its supply connections by an attachment-
jeneral use outlet — 80 percent of the current rating-ef.a single or 100
duplex receptacle, unless the receptacle is marked for a specific load
nsideration when determining the electrical rating:of the appliance.

b imposed on an appliance and its supply.connections by an accessory
fo be taken into consideration when determining the electrical rating of

ance shall not be less than the‘sum of the rated power of any resistive
ultaneously during any condition of normal use. The rated current of an
e sum of the calculatedcurrents (rated power divided by rated voltage)
hat operate simultaneously during any condition of normal use.

nditions of use,a-heating element is operated at a voltage different from
irrent rating of ‘that element is to be adjusted in accordance with the

Where:

W, is the rated power of the element, in watts

W, is the actual power of the element, in watts

I, is the rated current of the element, in amperes

I, is the actual current of the element, in amperes

V., is the rated voltage of the element

V, is the voltage applied to the element in normal use
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83.9 When two power supply cords are provided, the electrical rating for each cord shall be considered
separately. When the two cords are connected to the same branch circuit in accordance with 17.5.1(d), the
total electrical rating shall also be calculated. See 86.19.

MARKING

84 General

84.1 A marking required to be permanent shall be molded, die-stamped, paint-stenciled, stamped or
etched on metal, or indelibly stamped on pressure-sensitive labels secured by adhesive. Pressure-

sensitive labels secured by adhesive shall comply with the requirements in the Standard for Marking and
Labeling Systems, UL 969. Pressure-sensitive labels shall be rated for the maximum temperature and

type of surface to which the label if applied and shall be suitable for occasional exposure to cooking oil.

Exception: A pressure-sensitive label is not required to be rated for exposure to cooking oil in accordance
with UL 969 when it complies with 19.1.1.

84.2 A pressure-sensitive label which is:
a) Used on an appliance thgt employs oil or grease in its normal cooking operation;
b) Required to be permanent; and

¢) Not located inside the englosure or otherwise shielded from spillage of hetoil
is to be tested in accordance with 79.1.1.

Exception: This test is not required|for a label that has been evaluated for'exposure to cooking oil at 200°C
in accordance with UL 969.

84.3 Pressure-sensitive labels eqposed to unusual service conditions shall be tested in accordance with
79.1.2.

Exception: This test is not required for a label that has been evaluated for the intended service conditions
in accordance with UL 969.

84.4 A marking that is required tg be permaneént shall be located on a part that is not removable without
the use of tools or on a part that capnot be.removed without impairing the operation of the filter.

845 A Waming marking shall be bermanent and Ingihlp’ shall contrast with its har‘kgrmmd’ and shall he
located on a part that cannot be removed without impairing the operation or appearance of the appliance.

Exception: A marking is not required to be of contrasting colors when it complies with 84.8.

84.6 A warning marking shall be visible from the operator's position or from the position in which a
specific risk of injury to persons exists.

84.7 In a warning marking, the words "CAUTION," "WARNING," or "DANGER" shall be in letters not less
than 3/32 inch (2.4 mm) high and displayed in all capital letters.

84.8 When a warning marking, that is not colored in a manner contrasting with the background, is
stamped or molded into a surface the signal word — "CAUTION", "WARNING", or "DANGER" - shall be at
least 1/2 inches (12.7 mm) high. The remaining words in the marking shall be at least 7/64 inches (2.8
mm) high. The lettering shall be either raised or have a depth of at least 0.02 inches (0.51 mm).
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84.9 When necessary due to the

limited space on the appliance, the markings for a cord connected hand

held appliance are not prohibited from being provided on a cord tag. See 84.10.

84.10 The tag specified in 84.9 shall:

a) Be permanently affixed to the power-supply cord;

b) Be located not more than 6 inches (152.4 mm) from the attachment plug;

c) Be made of substantia

I material such as cloth, plastic, or the equivalent that provides the

necessary mechanical strength and prevents easy removal,

d) Comply with the requirements in Subsection 79.2;

e) Be sized so that the requ
f) Be a flag-type tag having

1) A hole to permit

ired markings are legible; and

securement to the power-supply cord by a plastic strap or equivalent

means which shall po be removable without cutting; or

2) An adhesive bac
power-supply cord.
The required markin

85 Visible to Operator

k. The tag shall be wrapped tightly once around and is-to~adhere to the
The ends of the tag are to adhere to each other and\project as a flag.
gs shall be positioned on the projecting flag portion.ofthe tag.

85.1 The marking required by 85.2 — 85.9 shall be permanent and shall be plain, legible, and readily

visible from the operator's position

85.2 When the temperature of th
be marked with the words "CAUT
following symbol may be used in li

e surface exceeds the limits_specified in Table 50.2, the appliance shall
ON — HOT", "CAUTION - HOT SURFACE" or equivalent wording. The
bu of the above wording:

CAUTION

Y))

HOT

SM218

See 50.2.1. The marking shall be located on or adjacent to the surface in question and shall be readily
visible and legible from any anticipated user or observer locations within 3 feet from the surface. When the
symbol is used, the equilateral triangle shall have a height not less than 1-1/2 inches (38 mm). The symbol
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and words contained within the triangle shall be scaled proportionately to the height of the equilateral
triangle.

Exception No. 1: When a surface is marked in accordance with 85.5, the marking in 85.2 is not required.

Exception No. 2: The wording "Warning" is not prohibited from being substituted for the wording "Caution”
when the risk associated with a product is such that the use of the word "Warning" is appropriate.

85.3 When required by 11.1.6, the following marking or equivalent shall be provided: "WARNING — Burn
Hazard — Do Not Handle The Lever Without First Inserting The Filter Holder With Ground Coffee." The

marking shall be located in front of

each handle.

85.4 When required by the Exce
following or equivalent: "Risk of
supporting) Surface". When the ap
visible from all anticipated operatorn

85.5
temperature rise of 65°C (117°F)
"CAUTION: Risk of Fire or Burn H
shall be visible to a user while accdg

85.6 When required by the Exce
be marked with the word "CAUTIC
appliance: "To Reduce the Risk of

85.7 With regard to the Exceptio
"CAUTION - Risk of Fire or Elect
part) In Place". The marking shall b
part that is permanently attached g
the part.

85.8 An appliance that employs

consist of the word "WARNING" a
Disconnect From Power Supply. S

permanent marking, located adjacI

85.9 An appliance that employs
permanent marking, located in an

btion to 50.5.23, the warmer(s) are to be marked "WARNING" and the
Fire — Do Not Position Closer Than 12 Inches To the Carving (or
bliance is accessible from more than one direction, the marking shall be
locations.

In accordance with footnote j of Table 50.1, a storage cabinet or drawer shall not ‘€xeceed a

during the normal temperature test, unless it is marked. as follows,
azard. Do Not Store Combustible Material In This Area."This marking
ssing the storage area.

btion to 65.4.1, an appliance with a removable ¢ooking container shall
N" and the following or equivalent on the internal surface of the basic
Flectric Shock, Cook Only In Removable Container."

n to 45.5, the following marking, or.the equivalent, shall be provided:
ric Shock. Only Operate This Appliance With the (name of removable
e directly adjacent to or behind’the removable part, and be located on a
r requires a tool for removal;-and be visible by the user when removing

an indicator light_in~accordance with 56.5.5 shall be provided with a
nt to the light, thatidentifies the function of the light. The marking shall
d the following“et equivalent: "Appliance Is Malfunctioning, Turn Off or
e instruction:manual before operating.”

an audible signal in accordance with 56.5.6 shall be provided with a

area‘readily visible to the user during the operation of the appliance.
'Crd MAIARDMNINOCY and tha fallavaginea Ay A~ golamt: WL Sl ens o ool (far

The marking shall consist of the

example, a bell or buzzer) sounds,

PN
VNN O anta— e ToOnowWinTg— U CuivaiC Tt i ararti orgrar \(TO1

appliance is malfunctioning. Turn off or disconnect from power supply

and see instruction manual before operating."

86 Visible After Installation

86.1

The marking required by 86.2 — 86.23 shall be permanent and shall be plain, legible, and readily

visible after the appliance is installed in the intended manner.

86.2 An appliance shall be marked with:

a) The manufacturer's name, trade name, trademark, or other descriptive marking by which the
organization responsible for the product is capable of being identified — hereafter referred to as the

manufacturer's name;
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b) A distinctive catalog number or the equivalent;
c¢) The electrical rating; and

d) The date or other dating period of manufacture not exceeding any three consecutive months.

Exception No. 1: The manufacturer's identification is not prohibited from being in a traceable code when
the appliance is identified by the brand or trademark owned by a private labeler.

Exception No. 2: The date of manufacture is not prohibited from being abbreviated or in a nationally
accepted conventional code or in a code affirmed by the manufacturer, when:

a) The date code does not

apnaatinloss than 20 vaars
POAt-H-oSStHE

=o -y oorror

b) The date code does nof
product was manufactured,

require reference to the manufacturer's records to determine when the

86.3 A permanently-connected @ppliance having one motor and other loads, or more than one ‘motor
with or without other loads, shall bg marked with:

a) The minimum supply-cCi
with 47.2; and, the maximy
delay fuse, and the like — @
or

rcuit conductor ampacity based on the maximum input in ‘accordance
m rating and type — for example, nontime-delay fuse.dual-element time-
f supply-circuit overcurrent-protective device in accordance with 28.1.3;

Exception: This requireme
and maximum rating of the

pt does not apply to an appliance in which both the minimum circuit size
circuit overcurrent-protective device are hot more than 15 amperes.

b) The rating of the larggst motor in volts and amperes, and’the additional load in volts and
amperes, or volts and watts.

Exception: The ampere rat|
load of 1 ampere or less m

ng of a motor rated 1/8 horsepower (94 W output) or less or a nonmotor
by be omitted unless such leads constitute the principal load.

86.4 When a manufacturer prod
appliance shall have a distinctivg
capable of being identified as the [

86.5 When required by 16.2.4,
"WARNING - Risk of Fire — Do N
surface, or other surface)". When

Lices or assemblestappliances at more than one factory, each finished
marking, which\is not prohibited from being in code, by which it is
roduct of a partieular factory.

or the Exception to 50.4.3 or 50.4.7, the appliance shall be marked,
ot Install Closer Than Inches To a Back Wall (side wall, warming
the\appliance has been tested at different clearances from combustible

h ~lao ahall ha ol AA

and noncombustible surfaces, bot

PP
rorcarancC s oSran o TTarcc U

86.6 Where required by 50.4.3 or 50.4.7, a non-adjustable radiant heat food warmer shall be marked
"WARNING" and the following or the equivalent: "Risk of Fire install not closerthan __ inches above the
food support surface." When the warmer has been tested at different clearances from combustible and
non-combustible surfaces, both clearances shall be marked. See 85.4 for adjustable radiant-heat food
warmers.

86.7 An appliance having provision for permanent connection to multiple power supplies shall be marked
with the word: "CAUTION" and the following or the equivalent: "This appliance has more than one power
supply connection point. Disconnect all power supplies before servicing," or the appliance shall be marked
as specified in 89.13.

86.8 An appliance that incorporates a part or parts subject to pressure other than municipal water line
pressure shall be marked to specify the normal operating pressure(s). See 41.4.1.
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86.9 Where required by the Exception to 17.1.4, the appliance shall be marked: "For use on individual
branch circuit only" or the equivalent.

86.10 Where required by the Exceptions to 16.3.2 or 28.1.3, the appliance shall be marked to indicate
the maximum branch circuit overcurrent protective device current rating. When the marked overcurrent
protective device current rating is 20 amperes or less, the marking shall also indicate that the appliance is
to be connected to a dedicated branch circuit.

86.11 A two-wire, 220 — 240 volt cord-connected appliance intended for connection to a circuit operating
at 150 volts or less to ground shall be marked: "Do not connect to a circuit operating at more than 150 volts

to ground" or with equivalent wording. See 83.4.

86.12 A three-wire, three-phase,
branch-circuit conductors operatin
circuit operating at more than 150

220 — 240 volt cord-connected appliance intended for connection to
j at 150 volts or less to ground shall be marked: "Do not connect to a
volts to ground" or with equivalent wording. The marking shall identify

the plug pins that are to be supplied by circuit conductors of 150 volts or less to ground. See 83.4.

86.13 When required by 2.32(b),

10.4.1, 140.2, or the Exception to 10.1.6, the cover of the compartment

shall be marked "WARNING" and
not remove or open cover. No use
marking shall be located on or adja|

86.14 An electrical accessory intg
name or identifying symbol of the n
which it is intended to be used.
equivalent designation of such an
accessory. See 6.12.

86.15 When required by 21.1, 8
marked with the load, in amperes g
user when plugging in an attachme

86.16 A receptacle intended only
accessories, see 21.2, shall be ma
marking shall include the model n
ratings.

86.17 When required by 17.5.1(h
contains two power supply cords:

he following or the equivalent: "To reduce the risk of electric:shock, do
r-serviceable parts inside. Refer servicing to qualified personnel." The
cent to the cover of the compartment.

nded for field installation in or on an appliance shall be marked with the
hanufacturer or private labeler, with a catalog number or equivalent with
The appliance shall be marked to indicaté the catalog number or
accessory and the name of the manufacturer or private labeler of that

B.6, or the Exception to 47.5, an’attachment plug receptacle shall be
r watts, on or adjacent to theteceptacle where it is clearly visible to the
nt plug to the receptacle,

for the connection«of'a part of the appliance or a specific accessory or
rked to specify the part, accessory or accessories to be connected. The
umber(s) of the-accessory or accessories, or the maximum electrical

, thedfollowing permanent markings shall be provided on a product that

a) "CAUTION — This unit
servicing this appliance."

has two power supply cords. Unplug both cords before moving or

b) The appliance nameplate electrical rating shall be as shown in 86.19.

86.18 When required by Exception No. 1 of 17.5.1(d), the appliance shall be marked, "CAUTION — This
Product has Two Power Supply Cords. Connect Each Plug to a Receptacle that is Connected to an
Individual Branch Circuit."

86.19 When two power supply cords are provided, an electrical rating for each cord shall be provided on
the appliance. When the appliance does not meet the requirements for Exception No. 1 or Exception No. 2
of 17.5.1(d), the total electrical rating shall also be marked on the appliance as follows:
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(Example)
ELECTRICAL RATING
Warmer 120V, 10 A, 1200 W*, 60 Hz
Refrigerator 120V, 7 A, 60 Hz
Total 120V, 17 A, 60 Hz

* Wattage rating is not required

86.20 The markings in 86.17 and 86.18 are not prohibited from being combined into the following:

"CAUTION - This product
connected to an individua
appliance."

86.21 When required by 17.5.2,
of appliance:

a) "Caution — This group
supply cords before moving

b) Each appliance shall be

86.22 In accordance with the Ex
each disconnect switch or contro
equivalent wording.

86.23 Where required by 10.4.7
Do Not Obstruct Access to this P4
adjacent to the panelboard where

87 Graphical Symbols and Suy
87.1

87.1.1 The combination of the
equilateral triangle, and an exclan
—"WARNING — RISK OF FIRE OHR

has two power supply cords. Connect each plug to a receptacle that is
I branch circuit. Unplug both cords before moving or servicing this

the following permanent markings shall be provided on a bank orstack

of appliances has multiple power supply cords. Disconféct all power
or servicing this appliance."

provided with a separate, individual nameplate inraccordance with 86.2.

ception to 17.5.1(f), the following marking shall be provided adjacent to
: "CAUTION - This unit has more than ‘ehe disconnect switch", or an

[d), the appliance shall be markéd: "CAUTION — Risk of electric shock.
nelboard. No Storage in this\Area." The marking shall be located on or
Visible from the direction of.access.

plemental Markings

No user-serviceable parts compartmentwarning

two graphical symbols (a lightning flash with arrow point within an
ation-point within an equilateral triangle) and the supplemental marking
ELECTRIC SHOCK — DO NOT OPEN" depicted in Figure 87.1 may be

provided on the surface of the

pplinnr‘n enclosure thro |gh which the user mighf g:\in access to the

interior, as an alternative to the marking required by 86.13.
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