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INTRODUCTION

1 Scope

1.1
alternating-cu

1.1.1

rrent circuits rated not greater than 600 volts.

These requirements cover commercial refrigerators and freezers intended for connection to

These requirements also cover commercial refrigerators and freezers intended for installation

within motor fuel dispensing facilities as defined by the Code for Motor Fuel Dispensing Facilities and
Repair Garages, NFPA 30A.

1.2 These

equirements apply to unitary and remote commercial refrigerators and fre

zers. For the

purposes of
cases, reach
beverage coq

assemblies, laboratory refrigerators and freezers, and processing liquid coolers.

1.3 Self-co
hermetic or s
the thermoele

14 Theser
walk-in coole

1.5 Require

National Elecfrical Code, ANSI/NFPA 70, and the Safety Standard for Refrigeration Systems

2 General
21 Compo
2.1.1 Delets
21.2 Deletd
2.1.3 Delete

2.1.4 Delete

his standard, commercial refrigerators and freezers include equipment,(su

ler-dispensers, food service carts, ice cream cabinets, soda fountain™ unit

emi-hermetic refrigerant motor-compressors and air- and water-cooled conde
ctric type.

quirements do not apply to refrigeration systems sdch as those used in cold-s
, and similar places, that are fabricated in the field.

ments for the installation of commercial ‘refrigerators and freezers are in

hents
d
d
d

d

ch as display

Lin cabinets, meat cases, frozen food and merchandising cabinets~beverage coolers,

s, door panel

ntained commercial refrigerators and freezers covered by.\these requirements employ

hsers or are of

torage rooms,

cluded in the
, ASHRAE 15.

2.2 Units of measurement

2.21

approximate information.

2.3 Terminology

2.31

covered by this standard unless specifically noted otherwise.

2.4 Undated references

241

be interpreted as referring to the latest edition of that code or standard.

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

The term “refrigerator” refers to all commercial refrigerators and freezers or any part thereof

Any undated reference to a code or standard appearing in the requirements of this standard shall
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3 Glossary
3.1 For the purpose of these requirements, the following definitions apply.

3.2 ACCESSORY - An optional electrical device or other component, such as a superstructure, intended
for installation in or connection to a refrigerator for the purpose of modifying or supplementing the
functions of the refrigerator. It may be factory installed or intended for installation by the user or service
personnel.

3.3 BEVERAGE COOLERS AND BEVERAGE COOLER-DISPENSERS — Assemblies that have
provision(s) for refrigerating beverages. The dispensing means may be located remote from the beverage

cooler.

3.4 BUILT-IN
vertical surfac

3.4.1 CAPIL
and used to ra

REFRIGERATOR - A refrigerator intended to be mounted permanently. in &
b of a building or in a cabinet.

| ARY TUBE — Device made of tubing with an outer diameter of less than 3/1
pidly reduce the pressure of the refrigerant between the condenser and evay

regulates the refrigerant flow.

3.5 CASCAI
COMpressor re
achieved with

3.5.1 COMPR
standard dedi
installed (e. g
compose a de

3.6 CIRCUIT

frigeration cycles in series. This is done to acquire’low temperatures that may
A single refrigeration cycle.

ONENT — A device or fabricated part of‘the appliance covered by the scoy
ated to the purpose. When incorporated,in an appliance, equipment otherwise
luminaire) is considered to be a cémponent. Unless otherwise specified,

S, ELECTRICAL —

a) High-Voltage — A circuit involving a potential of not more than 600 volts and

charac

b) Low|

eristics in excess of.those of a low-voltage circuit.

Voltage — A circuit involving a potential of not more than 30 volts alternating

wall or other

b in. (4.7 mm)
orator. It also

DE SYSTEM — A refrigeration system that incorporates two or more indepéndent vapor-

not be readily

e of a safety
typically field
Mmaterials that

vice or fabricated part, such as thefmoplastic or copper, are not considered coimponents.

having circuit

current, 42.4

volts peak or 60 voltsdirect current, and supplied by a primary battery, a standard Class 2 National

Electrig
impedz
Electrig

al Code, CANSI/NFPA 70 transformer, or a combination of a transform
nce which, as a unit, complies with all performance requirements for a Cla
al Code, ANSI/NFPA 70 transformer.

er and fixed
ss 2 National

3.7 CONTROL, DEFROST CYCLE — A control that is intended to regulate a normal defrost cycle.

3.8 delete

3.9 DESIGN PRESSURE - The maximum acceptable working pressure for which a refrigerator is

designed.

3.10 ENCLOSURE - A part that by itself or in conjunction with barriers:

a) Renders inaccessible all or any parts that may otherwise present a risk of electric shock,

b) Reduces the risk of contact with parts that may cause injury to persons, or

c) Prevents propagation of flame due to electrical disturbances occurring within.


https://ulnorm.com/api/?name=UL 471 2019.pdf

SEPTEMBER 12, 2019

UL 471

1

A unit cabinet that serves as a sole enclosure for ignition sources is considered to be a group 1 enclosure.
Separate enclosures located within or mounted on the outer surface of the unit cabinet are considered

group 1 enclo

3.10.1

sures if they serve as a sole enclosure for ignition sources.

compression within carbon dioxide (R-744) transcritical systems.

FLASH GAS BYPASS VALVE - Enables gas from the flash gas tank to be removed for

3.10.2 FLASH GAS TANK - Provided to separate the vapor and supply liquid to evaporators for
expansion in carbon dioxide (R-744) transcritical systems. Once cooled in the gas cooler, refrigerant is
throttled to the subcritical region and enters this device.

3.1

FOOD SERVICE CART — Unitary refrigeration equipment equipped with wheels and intended to be

moved from
maintaining h

3.12 FUNC
position of fix
electrical com

3.12.1 MOT]
and dispense
including all
motor fuel di
horizontally ir]
or combustibl
Motor Fuel Di

3.12.2 GAS
transcritical s

3.12.3
systems, lays

INTE

bne place to another for delivery of food. It may include provisions for heat
pated food at the desired temperature.

TIONAL/STRUCTURAL PART — A part used to maintain the intended re
bd or moving parts, or maintain the integrity of the structure. A cabinet liner th
ponent is considered to be a functional part.

d from fixed equipment into the fuel tanks of motor vehicles or marine craft or i

spensing facility extending up to 18 in. (450:mm) above grade level an

all directions from the dispenser enclosure is‘considered to be a location wh
e gas and/or liquids may be present in combustible concentrations as noted i
spensing Facilities and Repair Garages,\NFPA 30A.

COOLER - A heat exchanger designed to remove heat from a carbon d
stem.

RMEDIATE PRESSURE STAGE — This applies to carbon dioxide (R-74
between the high side and low side pressure stages and is regulated by a fla

valve. This stéage may include a flash gas tank and gas cooler.

3.13 NONF
not serve as
spacings, or f

3.14 PRES

UNCTIONALWPART — A part, such as a thermal insulation or decorative matg
electricalyinsulation or to support or enclose electrical components, ma3
rotect against injury to persons.

bURE REGULATING RELIEF VALVE — Similar to a pressure relief valve excs

intended for k

quipment used in connection therewith. The area surrounding a fuel dispensef

ng food or for

ative physical
at supports an

OR FUEL DISPENSING FACILITY — That portion of a property where motor fuiels are stored

hto containers,
in an outdoor
d 20 ft (6 m)
ere flammable
n the Code for

oxide (R-744)

1) transcritical
sh gas bypass

rial, that does
intain electric

ept specifically

rafriaoratioan ovctamae sl Aol Al A (R744\ o ik

rd

atian atama wtilizine o i a
HSe—wWHHR rorgcraton OyOLUIIIO ULIIILIIIH Carpoi—eHOXIGe TN ad uic—1

frigerant in a

secondary loop or cascade system. The pressure relief setting of this valve is always lower than the relief
setting of a pressure relief valve. This valve may open and re-close many times during the life of the

system.

3.15
automatically

relieve excessive pressure.

PRESSURE RELIEF DEVICE — A pressure actuated valve or rupture member designed to

3.16 PRESSURE RELIEF VALVE — A pressure actuated valve held closed by a spring or other means
and designed to automatically relieve pressure in excess of its setting.

3.17 PRESSURE VESSEL - Any refrigerant-containing receptacle of a refrigerating system other than
evaporators [each separate section of which does not exceed 1/2 cubic feet (0.014 m®) of refrigerant
containing volume], evaporator coils, compressors, condenser coils, controls, headers pumps, and piping.
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3.18 PROCESSING WATER COOLER - A commercial product intended to provide cooled and/or
tempered water to remotely located equipment.

3.19

REMOTE REFRIGERATORS - Refrigerators intended to be connected to a field-installed

condensing unit located remote from the refrigerators. Such refrigerators are intended to be connected to
the condensing unit in accordance with the Safety Standard for Refrigeration Systems, ASHRAE 15.

3.19.1

REMOTE TRANSCRITICAL REFRIGERATOR — A remote refrigerator or freezer intended for use

in a transcritical refrigeration system. As the remote refrigerator is on the low pressure side, the refrigerant

is not necessa

rily in the transcritical range.

3.20 SECONDARY LOOP — A piping circuit containing a fluid circulating within the circuit. The fluid

transfers heat
circuit normal
considered to

3.21 SECTI(
be coupled tog

3.22 SELF-
assembled ar
permanently ¢

3.23 SODA
desserts or be

3.24 START

typically the priessure where the first bubbles can™be seen when a valve is immersed in water

3.25 SUPER
mounting on
shipped separ

3.26 THERN
Effect such th
creating a tem

3.26.1 TRAN

from a remote type refrigerator to a colder heat exchanger located within-th
y includes a circulating pump as well as other associated fittings,.Suc
be equivalent to the low-side parts that are located in a refrigeration system.

DNAL REFRIGERATOR - Independent assemblies, usually having an evapor
ether during field installation. A sectional refrigerator may be self-contained.

CONTAINED REFRIGERATOR - Unitary equipment, consisting of a comg
d factory tested refrigerating system in which all .of the refrigerant-contain
bnnected at the factory.

FOUNTAIN UNIT — A refrigerator that is equipped for the storing and dispen
verages, or similar items.

TO-DISCHARGE PRESSURE - Thé& pressure at which a relief valve begins

STRUCTURE - A separate(electrical assembly such as a lighting assembly 1
he tip of a refrigerator(cabinet. The superstructure may be factory installg
ately for field installation on the refrigerator cabinet.

OELECTRIC REFRIGERATOR — A refrigerator in which the air is cooled us
at a direct eurrent supply source is applied to a semiconductor thermoel
perature gradient which transfers heat from one surface to another.

SCRITICAL REFRIGERATION SYSTEM — Refrigeration system where the p

e circuit. The
N a circuit is

ator, that may

letely factory
ing parts are

s5ing of frozen

to discharge,

or permanent
d or may be

ng the Peltier
pctric module

ressure in the
can coexist in

high pressure

side iS above the pressure where the vapor and liquid states of the refrigerant

thermodynam

equitioriomT.

3.26.2 STIRLING REFRIGERATION SYSTEM — A hermetic refrigeration system based on the Stirling
gas cycle in which the refrigerant is at all times in the gas or vapor phase. The Stirling refrigeration system
may include a thermosiphon containing a different refrigerant in a saturation condition.

3.27 ULTIMATE STRENGTH - The highest stress level that a refrigerant-containing component can
tolerate without rupture.

3.28 UNITARY REFRIGERATORS — Equipment consisting of a complete factory assembled and factory
tested refrigerating system comprising one or more assemblies that may be shipped separately but are
intended to be used together.
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3.29 DISPLAY REFRIGERATOR OR FREEZER — An open or closed refrigerator or freezer intended to
display foods, either frozen or non-frozen, in a controlled ambient location.

3.30 TYPE | DISPLAY REFRIGERATOR OR FREEZER — An open or closed display refrigerator or
freezer intended for use in an indoor location where the environmental conditions are controlled and
maintained such that the ambient temperature does not exceed 24°C (75°F).

3.31 TYPE Il DISPLAY REFRIGERATOR OR FREEZER - An open or closed display refrigerator or
freezer intended for use in an indoor location where the environmental conditions are controlled and
maintained such that the ambient temperatures does not exceed 27°C (80°F).

3.32 OPERATING CONTROL — A control intended to start, regulate, or operate the appliance during
normal operation. An example would be a thermostat or temperature controller.

3.33 PROTIECTIVE (SAFETY) CONTROL — A control intended to prevent the risk' of electric shock, fire,
or injury to pefsons, typically during abnormal operation of the appliance. An example would|be a pressure
limiting contrdl (pressure cut-out) or a temperature limiting control (thermal cut-out).

3.34 LABORATORY REFRIGERATOR OR FREEZER - A refrigerator_or freezer for usg in a building,
space, room ¢r group of rooms intended for medical storage or to serve-activities involving procedures for
investigation, [diagnosis, or treatment.

3.35 LIMITED CHARGE SYSTEM - A system in which, witR*the compressor idle, the dgsign pressure
will not be exgeeded when the refrigerant charge has completéely evaporated.

3.36 CONTROL, TYPE 1 ACTION — The actuation.of an automatic control for which the manufacturing
deviation and|the drift (tolerance before and after gertain conditions) of its operating value, ¢perating time,
or operating sequence has not been declared and‘tested under this standard.

3.37 CONTROL, TYPE 2 ACTION — Theyactuation of an automatic control for which the manufacturing
deviation and|the drift (tolerance before and after certain conditions) of its operating value, ¢perating time,
or operating sequence have been declared and tested under this standard.

3A Definitigns Relating to-Classes of Control Functions

3A.1  For the evaluation of protective measures for fault tolerance and avoidance of| hazards it is
necessary to ¢lassify(control functions with regard to their fault behavior.

3A.2 At the|classification of control functions their integration into the complete safety ¢oncept of the
appliance shall be taken info account.

3A.3 A control function consists of the entire loop beginning with the sensing means through the
processing circuitry (hardware and software if used) and including the actuator drive.

3A.4 For the purpose of evaluating the design of a control function, present requirements recognize
three distinct classes:

3A.5 CLASS A CONTROL FUNCTION - Control functions which are not intended to be relied upon for
the safety of the application. Examples are: room thermostats, temperature control.

3A.6 CLASS B CONTROL FUNCTION - Control functions which are intended to prevent an unsafe state
of the appliance. Failure of the control function will not lead directly to a hazardous situation. Examples
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are: temperature limiting control (thermal cut-out), pressure limiting control (pressure cut-out). This
equates to Software Class 1 in UL 1998.

3A.7 CLASS C CONTROL FUNCTION — Control functions which are intended to prevent special

hazards such as explosion or whose failure could directly cause a hazard in the appliance. Examples are:
burner control systems, thermal cut-outs for closed water systems (without vent protection).

CONSTRUCTION
4 General

4.1 Ferrous metal parts used to support or retain electrical components in position shall be protected
against corrosjon by metallic or nonmetallic coatings, such as plating or painting.

Exception: Thfs requirement does not apply to parts, such as washers, screws, bolts; and| similar parts,
where corrosipn of such unprotected parts would not affect compliance with/the requiregments of this
standard.

4.2 Exposed unimpregnated asbestos material shall not be used in air handling or|food storage
compartments. The unprotected edge of a gasket sandwiched between two parts is considered to be
exposed.

4.3 When a superstructure may be employed as an optional . accessory, the refrigerator is tq be evaluated
with and without the superstructure to determine compliance with the requirements of this stgndard.

4.4 A superstructure intended to be shipped .separately for field installation shall| comply with
requirements for accessories as specified in 6.1 — 65.

4.5 Unless provided with other means. of “exit, door (s) intended for entrance of pergons into the
refrigerated cqmpartment of a refrigerator(or freezer; including a door panel assembly door) shall be able
to be opened from the inside by a force applied outwardly to the door or to a release actuatgr. Doors shall
comply with the Door Opening Test of .Section 75.2. In addition, doors with an interior latch release device
shall comply with the Door Latch-Release Test of Section 75.1.

4.5.1 If the dpor is provided with a key lock, it shall be constructed such that the lock can be opened from
the interior without using’ a-key or tool.

4.6 Interior lptch release actuators shall function with the refrigerator in its intended openating position
and shall be operable from all spaces that are directly accessible when the door(s) is opened

4.7 Alatch release device shall not depend on an electrical source for operation.

4.8 A latch release device shall be constructed so that spillage of foods or beverages, cleaning or
defrosting in accordance with the manufacturer's recommendations, or condensation will not affect
compliance with the requirements of the Door Latch Release Test, Section 75.1.

4.9 A component shall:
a) Comply with the safety standard covering that component;
b) Be used in accordance with its rating(s) established for the intended conditions of use;

c) Be used within its established use limitations or conditions of acceptability;
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d) Comply with the applicable requirements of this end product standard; and

e) Not

contain mercury.

Exception: A component of a product covered by this standard is not required to comply with a specific
component requirement that:

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

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

c) Is separately investigated when forming part of another component, provided the component is

used

410 A con
protection, g
combination t
products that

Exception: W|
markings, ins
applied.

5 Assembly
5.1

Genera

51.1 If auq

constructed t¢ be used together, and the requirements of this standard are based on the u

assemblies. |
system.

512 Anas
condensing u

a) Kin}

b) Pin

ithin its established ratings and limitations.

ponent that is also required to perform other necessary functions, such as overcurrent

ound-fault circuit interruption, surge suppression, any other similar fung
hereof, shall comply additionally with the requirements of the applicable standa
provide those functions.

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

itary refrigerator is provided in more than one assembly, the separate assen

hterconnection of the assemblies shall result in a complete factory-charge

sembly incorporating~a condensing unit of the pull-out type shall be construc
hit can be pulled-out and reinserted without:

ing or otherwise damaging the refrigerant tubing; and

hing,.abrading, or stressing electrical wires and cords.

5.1.3 A reftigetator shall be assembled sa that removal and replacement of tanks al

tions, or any
rd(s) covering

fied as part of
5) need not be

hblies shall be
se of matched
d refrigerating

ed so that the

nd containers,

replenishment of the product, and similar actions, will not result in damage to electrical components and
wiring, or to refrigerant-containing components.

5.1.4 A refrigerator having provision for the storage of carbon dioxide cylinders or the like shall be

provided with

means for retaining the cylinders in position.

5.1.5 When a product employs food warming capabilities, that portion of the product shall comply with
applicable requirements in the Standard for Commercial Electric Cooking Appliances, UL 197, including
surface temperature limitations.

5.2 Pressurized product system

5.21
application.

A gas pressure regulator or reducing valve shall either comply with 4.9 or be tested for the
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5.2.2 A pressure-relief valve shall be installed in the pressurized product system of the refrigerator.
There shall be no shutoff valve between the relief valve and any parts of the system under pressure. See
68.2.2.

Exception: A pressure relief valve is not required when:
a) The system consists only of tubing or hose, or both, with or without dispensing valves,
b) The system complies with the strength requirement in 68.2.2, and

¢) The refrigerator is marked in accordance with 87.3.10.

5.2.3 Press or baffled so

that moisture ¢

LRI -a~

ischarged through the relief device will not wet uninsulated live parts.

5.2.4 A pressurized beverage product system shall comply with the tests in 68.2.

5.3 Mechanical protection

5.3.1 Each npartments of

chest-type uni

norizontally-hinged door that provide access to the refrigerated storage con
s and that may cause injury to persons upon unintentienal closing shall be:

a) Coupterweighted,
b) Spripg loaded, or
c) Provided with an automatic latch to retain them in the open position. Action mempers, such as
springqd and latches that may cause injury to-persons due to pinching or the like, shall be enclosed
or guarded.

5.3.2 A slidqout food storage component;:such as a drawer or shelf, shall be restrained|to prevent its

being unintent

5.3.3 When
openings in th
unintentional ¢
that exceed th
of such openi
such as cover

a) Tool

onally pulled free of its supporting means. See Component Restraint Test, Seq

installed in its intended manner (see Installation and Operating Instructions
e refrigerator shall be constructed or located to reduce the risk of injury to p
ontact with moving parts, such as fan blades, blower wheels, gears, and belts
e temperatures permitted by subitems 2 and 3 of item D of Table 44.1. The mi
ngs shalknot exceed 3 inches (76.2 mm). In evaluating openings, parts of t
5, panels;’and grilles are to be removed unless:

tion 73.

Section 90),
ersons due to
and surfaces
hor dimension
he enclosure,

5 are required for their removal, or

b) When exposed, a moving part is made inoperative through the use of interlocking devices. See

7.2.1.

Exception: Openings may be larger than 3 inches if the part is unlikely to be contacted because of the
location of fixed components, including baffles, water and refrigerant tubing, drain tubes, and similar parts.

5.3.4 Parts such as covers, panels, or grilles that serve as guards may be removable without tools if a
warning marking as described in 87.3.6 identifies the guarded moving or hot part, and

a) The guard is located in an area not exposed to persons using or attending the refrigerator, or

b) The guard is not less than 2 square feet (0.18 m?) in size, is retained in position by gravity,
channels, or similar means, is unlikely to be removed by other than an attendant or service
personnel, and is not removed for replenishing the product, or
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c) The guard is unlikely to be removed other than by an attendant or service personnel, is not
removed for replenishing the product, and is secured by fasteners or a combination of fasteners
and hinges, tabs, or the like. Disengagement of any one of the fasteners, hinges or tabs of a guard
shall not result in exposure of moving or hot parts.

5.3.5 The fasteners reference in 5.3.4(c) shall require manual operation, such as a push, pull, or turning
action to disengage. Magnetic catches and friction-type fasteners such as clips are not acceptable. Mating
parts of the fastening means shall be metal.

5.3.6 Components of a sectional refrigerator, such as end closures, are to be in place when judging

compliance wi

th 5.3.3 and 5.4.1, when they are:

a) Red

b) Seg

5.3.7 The r¢tor of a motor, a pulley, a gear, a belt, a fan blade, or other maving parts th
ons shall be guarded or enclosed so that the minor dimension”of any ope

injury to pers
exceed the v4
means requiri

5.3.8 Afan
inch (25.4 m
fan blade or

Exception: Th
between weig
is such that K|

is less than 1

uired to make the section tunctional, and

ured by means requiring tools for removal.

hg tools for removal unless functioning of the refrigerator reguires the guard to

blade or moving part employing a guard with openings/having a minor dimens

e probe illustrated in Figure 5.1 may contact the trailing edge of a fan blade if t
ht (w) in pounds, radius (r) in inches afid speed (n) in revolutions per minute o

0.

lues indicated in 5.3.8 or 5.3.9. Except as indicated in 5.3.4; each guard shall

) shall be guarded such that the probe illustrated.in\Figure 5.1 cannot contact
oving part when inserted through openings in¢the guard with a force of 2.5 poy

in the equation:

K= 6x10"(wr’n?)

at may cause
ning does not
be secured by
be in place.

on less than 1
any part of the
nds (11.1 N).

he relationship
f the fan blade
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Figure 5.1
Probe for fan blades
Any Convenient Length —e=
1/8"R (3.2 mm)
LN " fDio.
j1/2 'DIO. (12.7 mm) (25’,} mm)
} i
3-1/2" (88.9 mm)———=
PA 160
5.3.9 A fan lade employing a guard with opgnings having a minor dimension 1 inch (25.4 fnm) or larger,

and any other
accordance wi
opening havin
from the open
the correspon
determined b
opening with g

moving part shall be guarded\such that the distance from an opening to the mg

th Table 5.1. The minor dimension shall not, in any case, exceed 3 inches (76.

j @ minor dimension intermediate between two of the values shown in the table

ng to the moving part.shall not be less than that found by appropriate interpol

ding values in the“right column of the table. The minor dimension of th
the largest hemispherically tipped cylindrical probe that can be inserted

force of 2.5.pounds (11.1 N).

Table 5.1

Clearance from openings

ving part is in
P mm). For an
, the distance
ation between
e opening is

through the

Minor dimension of opening®¢ Minimum distance from opening to moving part®
inches (mm) inches (mm)
1/4 (6.4) 3/8 (9.5)
3/8 (9-5) 1-1/4 (31.8)
1/2 (12.7) 2 (50.8)
3/4 (19.1) 3-5/8 (92.1)
1 (25.4) 5-1/4 (133.4)
1-1/2 (38.1) 8-3/8 (212.7)
2 (50.8) 11-5/8 (295.3)

Table 5.1 Continued on Next Page
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Table 5.1 Continued

Minor dimension of opening®¢

inches (mm)

Minimum distance from opening to moving part®

inches (mm)

Over 2° (Over 50.8)

30 (762.0)

@ Openings less than 1/4 inch (6.4 mm) are not to be considered.
b But not more than 3 inches (76.2 mm). See 5.3.9.
¢ Also applies to hot parts. See 5.3.11 and 5.3.12.

9 For fan blade guards that have openings with minor dimensions less than 1 inch (25.4 mm), see 5.3.8.

5.3.10 A moving part is not to be considered when determining compliance with 5.3.7 — 5.3
a) Thl part is unlikely to be contacted through the opening because of the\loq

compqgnents, including baffles, or
b) The

c) Thel

part is made inoperative, when exposed, through the use of interlocking devic

.9 when:

ation of fixed

114

S.

injurie
Machi

5.3.11

Exception: T}
inside the reff

tools for rem
outside of the

Whe
temperature r

moving part is part of a mixer or blender assembly that complies with the pro
5 to persons section of the Standard for Motor Operated Commercial F
nes, UL 763.

h tested according to Sections 44 — 47, surfaces having temperatures th
se of items 2 and 3 of item D of Table 44.1 shall be guarded as specified in 5.3

is requirement does not apply to compressors, condensers, or refrigerant
jgerator enclosure (regardless of whether these components are accessible w
bval of covers, panels, grilles, and similar parts) or to fittings for refrigerant
refrigerator enclosure, such as those used for the interconnection of a conden

ection against
bod Preparing

At exceed the
.7 —5.3.10.

fubing located
thout requiring
tubing located
5ing unit and a

remote refriggrator.

5.3.12 Whe
the limits pern
in accordancs

Exception: TH
temperature [

a) The
heater

heater*is in direct contact with the fins of

e sheath of a:defrost heater not guarded in accordance with 5.3.7 — 5.3.10 m
ermitted by-subitem 2 or 3 of item D of Table 44.1, when:

n the temperature on the _sheath of a heater element, as installed in the refriggrator exceeds
hitted by subitem 2 or 3 of item D of Table 44.1, whichever is appropriate, it sh
with 5.3.7 — 5.3.10:to reduce the risk of injury to persons coming in contact wit

all be guarded
h it.

ay exceed the

the evaporator coil for the exposedl length of the

b) The lowest part of the exposed heater is 7 feet (2.1 m) or more above floor level, and

¢) The refrigerator is marked in accordance with 88.25.

5.4 Electrical protection

5.41

Louvers and other openings in the enclosure shall be constructed and located to reduce the risk of

unintentional contact with uninsulated live parts. Parts of the enclosure, such as covers, panels, or grilles

are to be removed unless:
a) Tools are required for their removal, or

b) An interlock is provided. See 5.4.2 and 7.2.1.
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54.2

If an opening in the enclosure will not permit the entrance of a 3/4 inch (19.1 mm) diameter rod:
a) The probe illustrated in Figure 5.2 shall not touch any uninsulated live parts, and
b) The probe illustrated in Figure 5.3 shall not touch any film-coated insulated wire when the probe

is inserted through the opening. The probe shall not pass through grilles, screens, louvers, or
similar parts, when a force of 5 pounds (22.3 N) is applied.

Figure 5.2
Probe

MD = 3/8" (9.5mm)
i
Ve

R = 3/16" (4.8mm)

4
(101.6mm)

— Any Convenient
Length

3/4"
(19.1mm)

PA170A
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Figure 5.3
Probe

— - —=— ANY CONVENIENT LENGTH

3/4" (19.1mm) DIA.
o

I 3

Vi
~s— 4" (101.6mm) ‘Pl \

1/4” (6:4mm) RAD.

(T2-7mm) DIA.

PA140A

5.4.3 When|an opening in the enclosure permits the entrance of a 3/4 inch (19.1 mm) digmeter rod, the
conditions described in Figure 5.4 are to*he used to determine compliance with the requirements. The
minor dimensjon of the opening shall netiexceed 1 inch (25 mm) in any case.



https://ulnorm.com/api/?name=UL 471 2019.pdf

22 UL 471 SEPTEMBER 12, 2019

Figure 5.4
Opening in enclosure

B ~———

.

B————

ENCLOSURE OPENING
SECTION A—A
/S /A | /S /
\ /
\ /
AN Y
N - -
LIVECPART __~a
SECTION B-B
SDNDOINNNNNNN\NN\N\NT T /S

\ ‘\% /)
N ? Y
N~ g
LIVE PART __~ia

EC100A

The opening is acceptable when, within the enclosure, there is no uninsulated live part or film-coated insulated wire (1) less than X
inches (mm) from the perimeter of the opening, as well as (2) within the volume generated by projecting the perimeter X inches (mm)
normal to its plane. X equals five times the diameter of the largest diameter rod which can be inserted through the opening, but not
less than 4 inches (102 mm).
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544 In addition to the requirements of 5.4.2 and 5.4.3, uninsulated live parts located inside the
enclosure that are likely to be contacted by a person performing operations, such as refilling, relamping,
replacing fuses, resetting manual-reset devices, oiling motors, or other such service operations shall be
located, guarded or enclosed to prevent unintentional contact, unless tools are required to expose the live
part. See 87.3.6.

5.4.5 Electrical components shall be located or enclosed so that uninsulated live parts will not be wetted
by liquids due to accumulation, overflow, splashing, leakage, cleaning, or defrosting.

5.4.6 Pressure relief devices in a pressurized product system shall be positioned, located, or baffled so
that moisture discharged through the relief device will not wet uninsulated live parts.

5.4.7 A conglensate pan shall be constructed and located so that overflow due to a block

wet live parts
(19.1 mm) die
blockage.

548 Ano
dripping of w
conducted wh

549 A swi
position and S

Exception No|
conditions:

a) The
toggle

operafjon of the switch.

b) Mea3
c) Eleg

d) Opgd

Exception Noj
indicator light]
when rotation

meter and located at the lowest level to which water may drain is not(consid

erflow spout, drain hole, cutout, or the like, in the condensate pan is acqg
bter on electrical parts is not likely to occur. An overflowdest, see 52.1 and
en it is not evident that the refrigerator complies with the requirements of 5.4.7

ch, lampholder, an attachment-plug receptacle, ér similar component shall
hall be prevented from turning. See 5.4.10.

1: A switch need not be prevented fromcrotating upon compliance with all g

switch shall be of a plunger or other type that does not tend to rotate whe
switch is considered to be subject to forces that tend to rotate the swi

ns of mounting the switchmake it unlikely that operation of the switch will loos,
trical spacings shallnot be reduced below the minimum required values if the

ration of the switch shall be by mechanical means rather than direct contact by

2: A lampholder of a type in which the lamp cannot be replaced, such as
in whiéh the lamp is sealed in a nonremovable jewel, need not be prevente
canriot reduce electrical spacings below the minimum acceptable values.

ed drain will not
or film-coated insulated wire. A waste outlet having a clear opening of nof'les$ than 3/4 inch

red subject to

eptable when
52.2, is to be

be secured in

f the following

n operated. A
ch during the

en it.

switch rotates.

persons.

h neon pilot or
d from turning
See Spacings,

D4

Sections 30 a

OO T,

5.4.10 The means for preventing rotation mentioned in 5.4.9 shall consist of more than friction between
surfaces. A toothed lock washer that provides both spring take up and an interference lock is acceptable
as means for preventing a small stem-mounted switch or other device having a single-hole mounting from
rotating.

5.4.11 An uninsulated current-carrying part, or a part that supports a live part shall be secured to the
base or mounting surface so that it will be prevented from turning or shifting in position when such motion
results in a reduction of electrical spacings below the minimum acceptable values. See Spacings, Sections
30 and 31. Friction between surfaces is not acceptable as a means to prevent shifting or turning of a live
part, but a lock washer as described in 5.4.10 is acceptable.

5.4.12 Flammabile or electrically conductive thermal or acoustical insulation shall not contact uninsulated
live parts. See 65.2.1.
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5.5 Refrigerators and freezers intended for installation within a motor fuel dispensing facility

5.5.1

comply with one of the following:

Refrigerators and freezers intended for installation within a motor fuel dispensing facility shall

a) All electrical components, including wiring and electrical connections, shall be located a
minimum of 18 in. (450 mm) above grade level when the unit is installed as intended; or

b) The unit shall be intended to be permanently mounted such that the entire unit is located a
minimum of 18 in. (450 mm) above grade level.

5.5.2 The unit shall be provided with a complete metal base complying with the thickness requirements

4

in paragraph 7

5.5.3 When
5.5.2 shall be
components W

5.5.4 With rg
bottom of the
requirements.

5.5.5 When
securely faste
Section 54.

5.5.6 When
of the electrica

I1G T;IUIU bild“ IUU no Upcll;llgb ;II ti 1< lUdDU.
the unit is constructed in accordance with 5.5.1(a), the complete metalbbas|
located a minimum of 18 inch (450 mm) above grade level and underneat
hen the appliance is installed as intended.

gards to 5.5.1(b), when a minimum 18 inch (450 mm) standuis)provided to rais
unit or the top of the base shall serve as the barrier and\shall comply with

a minimum 18 inch (450 mm) stand is provided;. the stand shall have provis
ned to the unit, and the combination of the unitand stand shall comply with the

he unit is intended for permanent connection to the source of electrical suppl
| connections shall be a minimum of 48 inches (450 mm) above grade.

6 Accessories

6.1 A refrige
be constructec
to persons. Se

6.2 The refr
installed.

6.3 Installat

Fator having provisions for the use of electrical accessories to be attached in
so that the use of these accessories will not introduce a risk of fire, electric s
e 87.4.1 and 87.4.2.

onof accessories by the user shall be restricted to an arrangement

e specified in
n all electrical

te the unit the
all the barrier

ons for being
Stability Test,

y, the location

the field shall
hock, or injury

gerator shatl:comply with all requirements of this standard with or without the accessory

that can be

accomplished

6.4

hy means. of mrnp’rnplne and p'l |g-in connectors

connectors, insulated wire connectors, or by connection to existing wiring terminals.

Installation of accessories by service personnel shall be by means of receptacles, plug-in

6.5 Accessories intended for connection to a source of field power supply independent of that of the
equipment shall comply with the requirements:

a) Specified in Section 9.3 when intended to be a cord-connected accessory.

b) Specified in Section 9.2 when intended to be a permanently connected accessory. A
permanently connected accessory shall not be used with supply cord connected equipment.


https://ulnorm.com/api/?name=UL 471 2019.pdf

SEPTEMBER 12, 2019 UL 471 25

6.6 When an accessory is powered from a source of supply separate from that supplying the equipment,
disconnection of any one supply shall automatically cause de-energization of all circuits within the
equipment and accessory.

Exception: Automatic de-energization may be omitted when the equipment and accessory are marked in
accordance with 87.4.5.

6.7 Installation of accessories shall not require the cutting of wiring or the soldering of connections by the
installer. Installation shall not require cutting, drilling, or welding either in:

a) Electrical enclosures, or

b) Othrer—areas—where—such—operations—mayresutt—m—damage—to—etectricat—or refrigeration

compgnents and wiring within the enclosure.

6.8 Strain-r¢lief means shall be provided for the wiring in the accessory whennthetre is @ possibility of
transmitting sjress to the terminal connections during installation. See Strain Relief Test, Segtion 56.

6.9 Each tefminal and wiring intended to be field connected shall be identified on the:
a) Accessory,
b) Reffigerator when connections are to be made between’the accessory and the reffigerator, and

¢) Wiring diagram(s).
6.10 The m@unting location of the accessory shall be indicated on the refrigerator.

Exception: When the mounting location is fixeddue to the function of the accessory and grrangement of
the refrigeratqr, and instructions are provided-specifying the installation and location for the faccessory, the
mounting locgtion of the accessory need notbe indicated on the refrigerator.

6.11 As partjof the investigation, accessories are to be trial-installed to determine that:
a) Their installation is feasible,
b) The instructions:are detailed and correct, and

c) The|use of.the accessories does not introduce a risk of fire, electric shock, and injury to persons.

7 Enclosures

7.1 General

7.1.1  An enclosure shall be formed and assembled so that it will have the strength and rigidity necessary
to resist the conditions of intended use without increasing the risk of fire or injury to persons due to total or
partial collapse and the resulting reduction of spacings, loosening or displacement of parts, or other
defects. Enclosures for individual electrical components, outer enclosures, and combinations of the two
are to be considered in determining compliance with this requirement.

7.1.2 Among the factors that are to be taken into consideration when judging the acceptability of an
enclosure are mechanical strength, resistance to impact, moisture-absorptive properties, flame resistance,
resistance to distortion at temperatures to which the material may be subjected under conditions of use,
and resistance to corrosion. For a nonmetallic enclosure or part of an enclosure, all of these factors,
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including the effect of exposure to weathering if for outdoor use, are to be considered with respect to
aging.

7.1.3 A nonmetallic outer enclosure or part of an outer enclosure having in any single unbroken section,
a projected surface area greater than 0.93 m? (10 ft?) shall have a maximum flame-spread rating of 200 as
determined by the requirements in the Standard for Test for Surface Burning Characteristics of Building
Materials, UL 723. The radiant-panel test in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94, may be used optionally to determine the flame spread
characteristics of materials that are 0.93 m? (10 ft?) — 2.32 m? (25 ft?).

Exception: Thin fabrics and films such as awnings and night shades may instead comply with Test Method

1 or 2 of Standard Methods of Fire Tests for Propagation of Textiles and Films, NFPA 701.

714 There
with other reft]
square feet (2

7.1.5 For the
when there is
between secti

7.1.6 With rd
outer enclosur

7.1.7  Additid
internal wiring
control boxes.

7.1.8 The en
components, 4§

7.1.9 The €
particles, or si
the refrigerato

7.1.10 Elect
individually en
result in a risk

quirement in 7.1.3 also applies to a refrigerator that is intended for end-to-e
gerators that may result in a continuous unbroken section of nonmetallic m3
32 m?) in area.

purpose of the requirement in 7.1.3 and 7.1.4, the surface area.is considereq
an air gap at least 12 inches (305 mm) wide or a metallic.material at least 1
bns of nonmetallic material.

ference to 7.1.3, the interior liner of an open typelrefrigerator is not consider
e.

nal flammability tests may be needed :on~nonmetallic outer enclosure m
is not enclosed by means such as conduit, electrical metallic tubing, meta
See Nonmetallic Materials, Section.§:

closure(s) of a refrigerator shall:reduce the risk of mechanical damage to wi
nd refrigerant tubing.

nclosure shall reduce’ the risk of emission of molten metal, burning insul
milar materials, through openings onto flammable material, including the surfa
[ is mounted.

rical components, such as controls, solenoids, starting relays, and switc
closed (except terminals unless it can be determined that failure of a comp
of fire--See Burnout Tests — Electromagnetic Components, Section 60.

Nd installation
terial over 25

to be broken
P inches wide

led part of the

aterials when
raceways or

ing, electrical

htion, flaming
ce over which

hes, shall be
pnent will not

7.1.11  Elect

fcat-parts, see 7. 1. 10, withimthe outer cabimetare ot Tequiredtobeindivid

when the assembly complies with (a) — (c):

ally enclosed

a) Their design and location with respect to openings in the outer cabinet will not result in the
emission of flame or molten metal through openings in the cabinet, or it can be shown that failure of
the component would not result in a risk of fire,

b) There are no openings in the bottom of the compartment in which the part is located that would
permit dropping of molten metal, and similar materials, on flammable material, and

¢) The partis not in proximity to flammable material other than electrical insulation.

7.1.12 A built-in refrigerator shall be constructed and assembled to reduce the risk of fire due to the
emission of molten metal, burning insulation, flaming particles, or similar materials, into the wall space or
floor area enclosing the refrigerator.
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7.1.13 The requirement of 7.1.12 necessitates the use of totally enclosed fan motors and complete
enclosures for controls, starting relays, capacitors, and other electrical components, including wiring,
unless these parts are installed in an overall enclosure.

7.1.14 An overall enclosure that has no ventilating openings that will permit the entrance of a 3/8 inch
(9.5 mm) diameter rod, except in the front of the refrigerator, has all ventilating openings located or
provided with a barrier, baffle, or louver to reduce the risk of expelling molten metal, burning insulation, or
similar materials, and has a noncombustible solid bottom without openings may be employed in lieu of the
individual enclosures referred to in 7.1.13.

7.1.15 Glass panels used for the enclosure of electrical parts or subject to contact during intended use or
maintenance of the refrigerator, or both, shall have acceptable strength (see 74.1 — 74.4) and shall be

supported or

7.1.16 A sh
thickness, an
live parts sha
galvanized, a
small areas o

7.1.17 Shee
a) Not
b) Not

c) Not

7.1.18 Whe
an equivalent

becured in place.

cet metal enclosure is to be judged for acceptability with respect to fits size
| use in a particular application. Sheet steel for use as an electrical, enclosure
| be not less than 0.026 inch (0.66 mm) thick when uncoated or 0,029 inch (0
nd nonferrous sheet metal shall be not less than 0.036 inch (0.91 mm), excef
for surfaces which are curved or otherwise reinforced.

t metal to which a wiring system is to be connected in-the field shall be:
less than 0.032 inch (0.81 mm) thick when uncoated steel,
less than 0.034 inch (0.86 mm) thick when galvanized steel, and

less than 0.045 inch (1.14 mm) thick when nonferrous.

n threads for the connection of conduit are tapped through a hole in an enclo
construction is employed, there'shall be not less than three nor more than five

metal, and thg construction shall permit a conduit bushing to be attached. When threads for

of conduit are
less than 3-1
that shall:

a) Affg

b) Ha
rigid ¢

not tapped through a hale,in an enclosure wall, conduit hub, or similar part, th
2 threads in the metal, and there shall be a smooth, rounded inlet hole for t

rd protection to\the conductor equivalent to that provided by a standard condui

bnduit.

7119 Akn

shape, metal
of uninsulated
74 mm) when
bt for relatively

sure wall, or if
threads in the
he connection
ere shall be no
he conductors

t bushing, and

e an interfral diameter approximately the same as that of the corresponding trade size of

pbckout in_a sheet metal enclosure shall be secured in place, but shall be ca

pable of being

removed without deformation of the enclosure that would result in damage to electrical components,
reduction in electrical spacings, or both. See 7.1.21.

7.1.20 A knockout shall remain in place when a force of 10 pounds (44.5 N) is applied at right angles to
the knockout by a 1/4 inch (6.4 mm) diameter mandrel with a flat end. The mandrel shall be applied at the
point most likely to cause movement of the knockout.

7.1.21 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing and
shall be located so that installation of a bushing at any knockout likely to be used during installation will not
reduce spacings between uninsulated live parts and the bushing to less than those required.

7.1.22 In measuring a spacing between an uninsulated live part and a bushing installed in a knockout, it
is to be assumed that a bushing having the dimensions indicated in Table 7.1 is in place, in conjunction
with a single locknut installed on the outside of the enclosure.
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Table 7.1
Knockout or hole sizes and dimensions of bushings

Bushing dimensions
Overall

Trade size of conduit Knockout or hole diameter Diameter Height
inches (mm O.D.) inches (mm) inches (mm) inches (mm)
1/2 (21.3) 7/8 (22.2) 1 (25.4) 3/8 (9.5)
3/4 (26.7) 1-3/32 (27.8) 1-15/64 (31.4) 27/64 (10.7)
1 (33.4) 1-23/64 (34.5) 1-19/32 (40.5) 33/64 (13.1)
1-1/4 (42.3) 1-23/32 (43.7) 1-15/16 (49.2) 9/16 (14.3)
1-1/2 (48.3) 1-31/32 (50.0) 2-13/64 (56.0) 19/32 (15.1)
2 (60.3) 2-15/32 (62.7) 2-45/64 (68.7) 5/8 (15.9)

7.1.23 Steellenclosures shall be protected against corrosion by metallic or nonmetallic coatings, such as

plating or pain
7.2 Doorsa

7.21 A doo
required interl

a) Mus

b) Seciires the cover in the closed position when engaged.

7.2.2 A hing
position falling

a) The
b) Mov|

¢) Unin

7.2.3 The ag
replaced and ¢

ing. See 7.3.1-7.3.5.
nd covers

, cover, or panel may be provided with an interlogk.in accordance with 5.3|3 or 5.4.1. A
bcking mechanism shall be one that:

be engaged in the closed position of the coyer before parts are energized and

ed or pivoted panel or cover shall be positioned or arranged so that when it|is in an open
or swinging due to gravity or vibration will not cause injury to persons from:

panel or cover,
ng parts, or

sulated live partsthat can cause a risk of electric shock.

sembly shall be arranged so that an overcurrent protective device, such as 3 fuse, can be
manual-reset device can be reset:

a) With

out removing parts other than a service cover(s) or panel(s), and

b) By o

7.24 Arequ
door or cover.

Exception: Th

pening the cover or door enclosing the device.

ired protective device shall not be accessible from outside the enclosure without opening a

e operating handle of a circuit breaker, the reset button of a manually resettable motor

protector, the reset button of a manually resettable pressure switch, and similar parts may project outside

the enclosure,

provided that the clearance between the control member and the edge of the opening in the

outer enclosure is not more than 1/8 inch (3.2 mm) for any setting or position of the control member.

7.2.5 Covers for enclosures of fuses in high-voltage circuits shall be hinged. Covers for manual-reset
overload protective device enclosures shall be hinged when it is required to open the cover to reset the

device.
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Exception: A hinged cover is not required when the only fuses enclosed are:

a) Supplementary type control circuit fuses, provided that 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) Supplementary type fuses of 2 amperes or less for small auxiliary resistance heaters, such as
crankcase heaters, with a maximum rating of 100 watts; or

c) Extractor-type fuses with their own enclosure; or

d) Fus

es in low-voltage circuits.

7.2.6 A cover required to be hinged shall not depend solely upon screws or other similar means to hold

them closed,

7.2.7 Withr
mechanical a
acceptable.
described in 7

7.2.8 Adoo
against a 1/4
angle strips f4
shall overlap
enclosure, lo
equivalent pr(

7.2.9 Strips
not less than
between thes

7.3 Enclost

7.3.1 Sheef

protected against corrosion by the means specified in Table 7.2 or by other metallic

coatings that

Exception: Th
for conformari

but shall be provided with a latch or the equivalent.

pference to the requirements of 7.2.6, a spring latch, a magnetic latch, ‘a dimpl
rangement that holds the cover closed and requires some effort onythe user's
Vhen provided as the sole means for securing the cover an interlocking 1
.2.1 is also acceptable.

inch (6.4 mm) rabbet or shall have either turned flanges for the full length of
stened to it. Flanges or angle strips shall fit closely.with the outside of the wall
the edges of the box by not less than 1/2 inch:(42.7 mm). A construction, s
cated within an outer enclosure, or a flange.;~and rabbet combination tha
tection is acceptable.

used to provide rabbets, or angle strips fastened to the edges of a door shall
two points, not more than 1-1/2 inches (38 mm) from each end of each strig
b end fastenings, not more than«6-inches (152 mm) apart.

res exposed to weather

steel cabinets and-electrical enclosures exposed to the effects of weath

brovide equivalent protection.

ese requirements do not apply to a metal part, such as a decorative grille, that
ce with'this standard.

B, or any other
part to open is
nechanism as

I or cover giving direct access to a fuse in other than low-voltage circuits shall shut closely

four edges or
of the box and
uch as a fuse

provides the

be secured at

and at points

ering shall be

br nonmetallic

is not required

Table 7.2
Corrosion protection means

Thickness 0.053 inch (1.35 mm) Thickness less than 0.053 inch
and heavier as specified by (1.35 mm) as specified by
Type of cabinet and enclosure paragraph paragraph
QOuter cabinets which protect motors, 7.3.2 7.3.3
wiring or enclosed current-carrying
parts
Inside enclosures which protect 3.2 3.3
current-carrying parts other than
motors
Outer cabinets which are the sole 7.3.3 7.3.3
enclosure of current-carrying parts
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7.3.2

To comply with the requirements of 7.3.1 and the second column of Table 7.2, one of the following

coatings shall be used:

7.3.3

a) Hot-dipped mill-galvanized sheet steel conforming with the Coating Designation G60 or A60 in
Table 1 of the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40 percent
of the zinc on any side, based on the minimum single spot test requirement in the ASTM
Specification. The weight of zinc coating may be determined by any recognized method; however,
in case of question, the weight of coating shall be established in accordance with the Test Method
of the Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or

Zinc-Alloy Coatings, ASTM A90/A90M. An A60 (alloyed) coating shall also comply wit

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet st

h7.3.4.

el, uniformly

applied to an average thickness of not less than 0.00041 inch (0.0104 mm) on each
minimym thickness of 0.00034 inch (0.0086 mm). The thickness of the coating shall &
by the [Metallic-Coating Thickness Test, Section 79, or by the Measurement of ,Coat

by X-Rpy Spectrometry, ASTM B568.. An annealed coating shall also comply-with 7.3[

c) Two| coats of an organic finish of the epoxy or alkyd-resin type or, other outdoor
surfacgs. Unless acceptability of the paint can be determined by,censideration of itg
corrosipn tests are required.

To comply with 7.3.1 and the third column of Table 7.2, on€)ofthe following coatings s

a) Hotdipped mill-galvanized sheet steel conforming.with the Coating Designation G
of the $tandard Specification for Steel Sheet, ZinccCoated (Galvanized) or Zinc-Iron
(Galvapnealed) by the Hot-Dip Process, ASTM*A653/A653M, with not less than 40

zinc or] any side, based on the minimum single‘spot test requirements in that ASTM
ight of zinc coating may be determined by any recognized method; howev

surface with a
e established
ng Thickness
4.

paint on both
composition,

hall be used:

590 in Table 1
Alloy-Coated
bercent of the
Specification.
er, in case of
lethod of the
Zinc Or Zinc-

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly

applied to an average thickness of not less than 0.00061 inch (0.0155 mm) on each

minimym thickness of 0.00054 inch (0.0137 mm). The thickness of the coating shall &
by the Metallic-Coating-Thickness Test, Section 79, or by the Measurement of Coat
by X-Rpy Spectrometry, ASTM B568. An annealed coating shall also comply with 7.3,

surface with a
e established
ng Thickness
Y.

¢) A cadmium:coating of not less than 0.001 inch (0.025 mm) thick on both surfaces
where [thereis no likelihood of food contact.) The thickness of coating shall be

(only in areas

Tstablished in
accordgnee with the Metallic-Coating Thickness Test. Section 79.

d) A zinc coating conforming with 7.3.2 (a) or (b) with one coat of outdoor paint as specified in 7.3.2

(c).

e) A cadmium coating of not less than 0.00075 inch (0.0191 mm) thick on both surfaces with one
coat of outdoor paint on both surfaces or not less than 0.0005 inch (0.013 mm) thick on both
surfaces with two coats of outdoor paint on both surfaces (only in areas where there is no likelihood
of food contact.) The thickness of the cadmium coating shall be established in accordance with the
Metallic-Coating Thickness Test, Section 79, and the paint shall be as specified in 7.3.2(c).

7.3.4 An annealed zinc coating that is bent or similarly formed after annealing shall be painted in the bent
or formed area if the bending or forming process has damaged the zinc coating, as evidenced by flaking or
cracking of the zinc coating at the outside radius of the bent or formed section visible at 25 power
magnification.
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7.3.5 With reference to the requirements of 7.3.4, simple sheared or cut edges and punched holes are
not considered to be formed, but extruded and rolled edges and holes shall comply with 7.3.4.

7.3.6  With reference to the requirements of 7.3.1, other finishes, including paints, special metallic
finishes, and combinations of the two, are acceptable when comparative tests with galvanized sheet steel
without annealing, wiping, or other surface treatment complying with 7.3.2(a) or 7.3.3(a), as applicable,
indicate that they provide equivalent protection. Among the factors to be taken into consideration when
judging the acceptability of such coating systems are exposure to salt spray, to moist carbon dioxide-
sulphur dioxide-air mixtures, to moist hydrogen sulphide-air mixtures, and to ultraviolet light and water.

7.3.7 Copper, bronze, brass containing not less than 80 percent copper, or stainless steel may be used
without additional protection against corrosion. Sheet, extruded, or cast aluminum, die-cast zinc, and other
metals shall e of a grade or alloy known to be resistant to atmospheric corrosion, or shall. He subjected to
the appropriafe tests, or shall be additionally protected against corrosion.

7.3.8 Gaske
held in place

ts required to seal electrical enclosures against the entrance of rain and condgnsate shall be
by mechanical fasteners or adhesives, except as indicated in 7.3.9,.and shall gomply with the

requirements

of 78.1 — 78.4. Sealing compounds required to seal electricakenclosures shall comply with

the requirements of 78.5. Adhesives required to secure gaskets shall.coemply with the reg
78.6. Gasketg shall be neoprene, rubber, or thermoplastic. Other materials may be used w
equivalent properties. Gaskets and Seals that comply with the Standard for Gaskets and §
are considered to comply with Section 78.

7.3.9 Gaskets that are prevented from displacement either by their location or place]

quirements of
hen they have
beals, UL 157,

ment of other

h the intended
or adhesives.

components in the enclosure when the cover is remoyediand that would be reengaged i
manner wher] the cover is replaced are not required to be held by mechanical fasteners
Consideration shall be given to the intended mounting of the gasket in the application.

7.3.10 Meta] shall be used in combinations that are galvanically compatible.

8 Nonmetallic Materials

8.1 Genera
8.1.1  The fequirementsin-8.1.2 — 8.3.6 cover polymeric and wood materials used [to form outer
enclosures, nonfunctionalier functional parts, and miscellaneous parts for indoor use only. Nonmetallic

materials for utdoor use shall comply with the requirements in the Standard for Polymeric Materials — Use
in Electrical Bquipment Evaluations, UL 746C. Table 82.1 indicates the properties to be evaluated. These
requirements| donot apply to materials used as electrical insulation, or as a direct support of an
uninsulated li i i ting bushings,
resilient mounts, clamps and wiring straps. As a guide, small nonfunctional parts may be considered as
those having an area of less than 1 square foot (0.0924 m?).

8.1.2 Nonmetallic materials that serve as electrical insulation or direct support of live parts shall comply
with the requirements for electric insulation in the Standard for Polymeric Material — Use in Electrical
Equipment Evaluations, UL 746C.

8.1.3 Wood or wood composite materials used to form outer enclosures, structural or functional parts
shall be evaluated for the equivalent flammability characteristics as described in 8.2.1 and shall be
separated from ignition sources.

Exception: Wood or wood composite materials having a minimum thickness of 0.5 inch (12.7 mm) are
considered to comply with the HB flammability rating.
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8.1.4

Ignitions sources within the unit are considered to be:

a) High voltage uninsulated terminals,

b) High voltage printed circuit board traces,

¢) High

voltage open coils/windings,

d) High voltage open contacts, and

e) High voltage wiring not employing VW-1 insulation.

Exception No. 1: High voltage Type S, SE, SO, SOO, ST, STO, STOO, SJ, SJE, SJO, SJOO, SJT, SJTO,

AND SJTOO

Exception No
need not be s
Protected Mot

Exception No.
as indicated in

Exception No.

8.1.5 Polym
thermoplastic
material, unles
specific part.

Exception: Pa
8.2 Classifig
8.2.1
specified in t

Appliances, U
flame and are

8.3 Application

Materials are classified with-respect to flammability characteristics that are establishq

ower cords not located within the group 1 enclosure are not considered ignitio

2: Impedance protected motors employing open-coil or exposed winding
pparated as indicated in 8.3.1 and 8.3.3 if they comply with the Burnout Test|
brs, Section 81.

3: Thermally protected motors having openings in their enclesures need not
8.3.1 and 8.3.2 if they comply with the requirements in 17.3.

4: Transformers complying with the requirementsn Section 28 need not be sg

regrind by weight and that has been dry blended by the molder with the same
s the material complies with these requirements to indicate acceptable perfor|

ts that are formed from HB or HBF materials need not comply.
ation
ne Standard for Fests for Flammability of Plastic Materials for Parts in

| 94. Materials.are assigned flammability ratings based on greatest to least
dentified.as>5VA, 5VB, V-0, V-1, V-2, HF-1, HF-2, HB, and HBF.

h sources.
constructions
— Impedance

be separated

bparated.

pric parts shall not be molded from polymeric ‘material that contains more than 25 percent

yrade of virgin
mance for the

d by the tests
Devices and
resistance to

8.3.1

A nonmetallic enclosure isolating an ignition source(s) shall be evaluated in accordance with Group

1 of Table 82.1. A nonmetallic enclosure not isolating an ignition source shall be evaluated in accordance

with Group 2.

8.3.2 Nonmetallic functional and nonfunctional parts located within or mounted to the outer unit cabinet
shall be evaluated in accordance with Groups 3 and 4 of Table 82.1.

8.3.3 With respect to footnotes c, d, and h of Table 82.1 a nonmetallic material located below the ignition
source and within Space A of Figure 8.1 shall be isolated by means of a barrier, extending at least to the
boundary surface of the space. A V-2, V-1, or V-0 nonmetallic material located above the ignition source
and within Space B of Figure 8.1 shall be isolated by means of a barrier, extending at least to the boundary
surface of the space and so located that the minimum distance between the nonmetallic material and
ignition source is 4 inches (102 mm).
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Exception: When the only ignition source is wiring not employing VW-1 insulation the minimum distance
between the nonmetallic material and the ignition source may be 2 inches (61 mm). See 8.3.5.

Figure 8.1
Separation of ignition sources from nonmetallic materials
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wiring.

S2534

Notes:

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

Space B — Represents the volume above the ignition source determined in the same manner as Space A, except that the angle is 30
degrees from the vertical.
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8.3.4 With respect to footnotes c, d, and h of Table 82.1 a nonmetallic material located in the vertical
plane is considered isolated from the ignition source if it is separated by a distance of 4 inches (102 mm).
A barrier shall be used for isolation when the size of the barrier is such that the minimum straight-line
distance between the nonmetallic material and ignition source is 4 inches (102 mm).

Exception: When the only ignition source is wiring not employing VW-1 insulation the minimum distance
between the nonmetallic material and the ignition source may be 2 inches (51 mm). See 8.3.5.

8.3.5 When required by 8.3.3 or 8.3.4, a barrier shall be formed from a minimum 0.005 inch (0.13 mm)
thick metal, a minimum 0.5 inch (12.7 mm) thick fiberglass, a 5VA material, or a material that complies with
the 5-inch end product flame test described in UL 746C. The barrier shall be secured in place to the
mounting surface.

8.3.6 Thermial insulation located between an outer metal cabinet or metal door and.inper liner of a
refrigerator nepd not be tested for flammability when:

a) All eptrance and exit holes for wiring, foaming, and the like, located within this volufne are sealed
with caps, permagum, foil tape, or the like, and

Excepftfon: Holes in the outer metal enclosure need not be sealed when there are mot more than
two, when wiring is not routed through the hole, and when The total area is no morg than 1 inch?
(645.2|mm?). For unsealed holes larger than 1 square inch.{645.2 mm?) the thermal ipsulation shall
be rated HF-1

b) Either the securement of the outer cabinet surfaces is inherent in the constfuction or the
maximpm spacing between screws, spot welds;cor’ other securement means on the outer metal
enclosyire does not exceed 6 inches (152.4 mm).

8.3.7 deleteq
ELECTRICAL SYSTEM

9 Field Supply Connections
9.1 General

9.1.1 When|a refrigefator is intended to be connected to the conductor identified as the grounded
conductor of g power'supply circuit, a lampholder with a screwshell base shall be wired so {hat the screw
shell will be cdnnected to that conductor. See 23.1 and 23.2.

9.2 Permanently connected refrigerators

9.2.1 Refrigerators of the following types shall have provision for permanent connection to the power
supply:

a) Refrigerators rated in excess of 250 volts.

b) Refrigerators having a rated-load current exceeding 40 amperes, 250 volts. The largest sum of
concurrent rated loads shown on the nameplate is to be used to determine the rating.

c) Remote refrigerators, sectional refrigerators, and unitary refrigerators other than of the self-
contained type.

Exception: For remote refrigerators that consist of a remote dispensing unit (that is intended to be
moved for sanitation) along with the associated condensing unit, the remote dispensing unit is not
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prohibited from being cord connected. The marking specified in 88.25 is required for dispensers
that are electrically connected to the condensing unit.

d) A built-in refrigerator.

9.2.2 Asusedin 9.2.3 — 9.2.20, field-wiring terminals are considered to be the terminals to which power
supply, control, or equipment grounding connections will be made in the field when the refrigerator is
installed.

9.2.3 A refrigerator shall have provision for connection of one of the wiring systems that is in accordance
with the National Electrical Code, ANSI/NFPA 70.

Exception: Lgads provided for power-supply connection of a door panel assembly are not grohibited from
being brought out through factory-attached flexible conduit 3 — 6 feet (0.91 — 1.83 m) lorig. An outlet box or
conduit fitting|shall be provided at the free end of the conduit.

9.2.4 A kngckout intended for connection of a field-wiring system to a fieldswiring compartment shall
accommodatg conduit of the trade size determined by applying Table 9.1.

Table 9.1
Trade size of conduit in inches (mm OD)

Wire s|ze Number. of wires

AWG (mm? 2 3 4 5 6
14 2.1) 12 @3 | 112 @3 [z @3 | 12 @3 | 12| @13

12 (3.3) 12 (21.3) 12 (21.3) 12 @1.3) | 34 @67 | 34| (287)
10 (5.3) 12 (21.3) 12 (213) 12 @1.3) | 34 @67 | 34| (287)

8 (8.4) 34 (267) | 34, M26.7) 1 (33.4) 1 (334) | 1-1/4  (42.3)
6 133) | 314  (267) 1 (33.4) 1 (334) | 1-1/4  (42.3) | 1-14  (42.3)
4 21.2) 1 (33.4) 1 (334) | 1-1/4  (42.3) | 1-14  (42.3) | 112 (483)
3 26.7) 1 (3340 1-14  (42.3) | 114 (42.3) | 112 (483) | 1112 (483)
2 33.6) 1 (334) | 1-1/4  (42.3) | 1-14  (42.3) | 112 (483) 2 (60.3)
1 42.4) | 1-14% @23) | 1-1/4  (42.3) | 1-14  (48.3) 2 (60.3) 2 (60.3)

NOTE — THis table is based on the assumption that all conductors will be of the same size and there will be ng more than
six conductors in the,conduit. When more than six conductors are involved or when all of them are not of the $ame size,
the interna| cross=settional area of the smallest conduit that may be used is determined by multiplying by 2.5 fthe total
cross-sectipnal area of the wires, based on the cross-sectional area of Type THW wire.

9.2.5 Space shall be provided in the field-wiring compartment or outlet box for installation of conductors
of the number and size required by 9.2.8. The space provided shall permit the required number and size of
at least 6-inch (150-mm) lengths of Type TW or THW wire brought into the wiring compartment. When
required, a trial installation is to be made.

Exception: Conductors other than Type TW or THW may be used when specified in the installation
instructions.

9.2.6 A terminal box or compartment in which power supply connections are to be made shall be located
so that these connections may be inspected after the refrigerator is installed. The connections shall be
accessible without removing parts other than a service cover or panel and the cover of the outlet box or
compartment in which the connections are made.
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9.2.7 A terminal compartment intended for the connection of a supply raceway shall be secured in
position and shall be prevented from turning.

9.2.8 The refrigerator shall be provided with field-wiring terminals or leads for the connection of
conductors having an ampacity of not less than that indicated in 88.10. It is to be assumed that branch
circuit conductors rated 60°C (140°F) will be used when the required circuit ampacity is 100 amperes or
less and that conductors rated 75°C (167°F) will be used when the required ampacity is more than 100
amperes.

9.2.9 A field-wiring terminal shall be secured in position and prevented from turning or shifting by means
other than friction between surfaces. This may be accomplished by two screws or rivets; by square
shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent
part; or by sonpje equivalent method.

9.2.10 For 8
AWG (5.3 mm
of clamps or W
position.

9.2.11
except that a |
smaller condu

9.2.12 Acco
conductor that
be anticipated

9.2.13 Atemn
fora 14 AWG

AWG (8.4 mm?) and larger conductors, pressure wire connectors shall be
P) and smaller conductors, the parts to which wiring connections are to.be mad
ire binding screws with cupped washers, terminal plates, or the equivalent to h

A wire binding screw at a field-wiring terminal shall not be smaller than No. 8 (4.2 1

No. 6 (3.5 mm diameter) screw may be used for the centection of one 14 AWC
Ctor.

ding to the National Electrical Code, ANSI/NFPA 70, 14 AWG (2.1 mm?) is
the installer may use for branch circuit wiring and thus is the smallest condu
at a terminal for the connection of a powersupply wire.

ninal plate for a wire binding screw-shall be of metal not less than 0.030 inch (C
2.1 mm?) or smaller wire and ndtless than 0.050 inch (1.27 mm) thick for a w

14 AWG. In eifher case, there shall be not less than two full threads in the metal.

9.2.14 A tem
hole tapped fo

Exception: Tw
which the thre

hinal plate formed from stock of the required thickness may have the metal e
I the binding screw<o provide two full threads.

o full threads.are not required when a lesser number of threads results in a
bds will not,Strip when tightened in accordance with the torques indicated in the

Wire Connectrs, UL 486A-486B.

9.2.15 Uptur

used. For 10
e may consist
pld the wire in

hm diameter),
b (2.1 mm?) or

the smallest
ctor that may

.76 mm) thick
re larger than

xtruded at the

connection in
e Standard for

9.2.8, but no

hed, ldgs or a cupped washer shall retain a conductor of the size mentioned ir
2

smaller than 14-AWG2 4 mm=,urderthehead-efthe serewerthewasher———M——

9.2.16 A wire binding screw shall thread into metal.

9.2.17 A field-wiring terminal intended for the connection of a grounded conductor shall be of a metal, or
plated with a metal, substantially white in color and shall be readily distinguishable from the other
terminals, or identification of that terminal shall be shown in some other manner, such as on an attached
wiring diagram. A lead intended for the connection of a grounded conductor shall be finished to show a
white or gray color, shall be readily distinguishable from other leads, and no other lead shall be so
identified.

9.2.18 The length of a lead inside an outlet box or wiring compartment shall be 6 inches (152 mm) or
more if the lead is intended for field connection to an external circuit.
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Exception: The lead may be less than 6 inches in length when it is evident that the use of a longer lead
might result in a risk of fire or electric shock.

9.2.19 Leads intended for connection to field-installed conductors shall be provided with strain relief if
stress on the lead may be transmitted to terminals, splices, or internal wiring. See Strain Relief Test,
Section 56.

9.2.20 Leads provided for spliced connections to an external high-voltage circuit shall not be connected
to wire binding screws or pressure wire connectors located in the same compartment as the splice unless
the screws or connectors are rendered unusable for field-wiring connections or the leads are insulated at

the unconnected ends.

9.2.21 When a refrigerator for end-to-end installation employs a wireway, such as ayg¢artrail, that is
intended to epclose supply conductors for more than one refrigerator, the wireway shall. comply with the
applicable requirements specified in the Standard for Wireways, Auxiliary Gutters, and Assogiated Fittings,
UL 870.
9.3 Cord-cqnnected refrigerators
9.3.1 A -refrigerator intended for cord connection to the power supply shall be provided with:
a) A flexible cord of a type, length, and ampacity and<@nvattachment plug of a type and rating
complying with the requirements of 9.3.3 — 9.3.8; or
b) An pppliance inlet for connection of a detachable power supply and either a detachable power
supply| cord or instructions for selection of a suitable detachable power supply cord.
9.3.2 A cordset or power supply cord shall comply with the Standard for Cord Sets and [Power Supply
Cords, UL 817.
9.3.3 The marked rating of a cord-connected refrigerator, see 89.1, shall not exceed 80 [percent of the
rating of the aftachment plug.

9.34 A cor

the Standard [for Wiring Devices-Dimensional Requirements, ANSI/NEMA WD6. See Tablg

plugs used.

Exception: Refrigerators rated 250 volts or less and intended for connection to circuits rateq
hertz, or oth¢r than the voltages specified in the first column of Table 40.1, or both,
grounding-tyde attachment plug acceptable for the circuit involved.

-connected refrigerator shall employ a grounding-type attachment plug that

complies with
| 9.2 for typical

other than 60
nay employ a

Table 9.2
Attachment plugs

Nameplate rating Attachment plug
Volts Phase Amperes? Rating ANSI designation®
110-120 1 12.0 15 amperes, 125 volts 5-15P
110-120 1 16.0 20 amperes, 125 volts 5-20P
110-120 1 24.0 30 amperes, 125 volts 5-30P
110-120 1 40.0 50 amperes, 125 volts 5-50P

Table 9.2 Continued on Next Page
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Table 9.2 Continued

Nameplate rating Attachment plug
Volts Phase Amperes? Rating ANSI designation®
200 -240 1 12.0 15 amperes, 250 volts 6—15P
200 - 240 1 16.0 20 amperes, 250 volts 6 —20P
200 - 240 1 24.0 30 amperes, 250 volts 6 —30P
200 - 240 1 40.0 50 amperes, 250 volts 6 —50P
110 — 120/200 — 240 1 12.0 15 amperes, 125/250 volts 14 - 15P
110 — 120/200 — 240 1 16.0 20 amperes, 125/250 volts 14 - 20P
110 — 120{266—246 4 24-6 30-amperes+25/256-voits +4—30P
110 — 1204200 - 240 1 40.0 50 amperes, 125/250 volts 14 =40P
200+ 240 3 12.0 15 amperes, 250 volts 15 — 15P
200 ¢+ 240 3 16.0 20 amperes, 250 volts 15-40P
200 + 240 3 24.0 30 amperes, 250 volts 15-30P
200 + 240 3 40.0 50 amperes, 250 volts 15-40P
@ The ampefre rating is the maximum permitted to be marked on the refrigerator nameplate for the attachment plug
indicated. Jee 9.3.3.
b Standard for Wiring Devices — Dimensional Requirements, ANSI/NEMA WD§.

9.3.5 A cordiconnected refrigerator shall employ Type S, SE,)SO, SOO, ST, STO, STOO,
SJOO, SJT, SYTO, or SITOO power supply cord rated for@use at a voltage not less than the
of the refrigergtor. The ampacity of the cord as given in*the National Electrical Code, ANSI/N
be not less than that required by the ampere inputimeasured in the Temperature and H
Section 44, qr the Defrost Test, Section 47. {Fhe ampere input value shall include
utlets and the current drawn by, accessories intended for use with the ref|

convenience
87.3.1 and 87)3.2.

9.3.6 The ampacity of a power supply.cord on a refrigerator intended for connection to a
which exceeds the limitations specified in the Exception to 18.4.2 shall be not less than 80
maximum confinuous current of-the' motor-compressor determined in accordance with Protq
ntinuous Currént-Test, Section 67, plus the sum of all other loads, including

— Maximum

which may opégrate concurrently.

Exception: The ampagity of the power supply cord is not required to be greater than the am

the attachmeny plug.

5J, SJE, SJO,
rated voltage
FPA 70, shall
ressure Test,
he loads for
rigerator. See

branch circuit
pbercent of the
ctive Devices

accessories,

pere rating of

9.3.7 A power supply cord for an outdoor use refrigerator shall be one of the types specified in 9.3.5 and
recognized for outdoor use. Such cords are identified by the letters “W” or “W-A” following the cord type
designation marked on the jacket. A cord that is marked “Outdoor” in addition to the letters “W” or “W-A”

shall be used only on refrigerators that have been found acceptable for outdoor use.

9.3.8 The length of a power supply cord shall be not less than 6 feet (1.8 m) nor more than 10 feet (3.0
m). The length is to be measured between the attachment plug and:

a) Any point at which the cord exits the refrigerator cabinet, or

b) The last strain relief, whichever is shorter.

9.3.9 The power supply cord shall be provided with strain relief means so that a stress on the cord is not
transmitted to terminals, splices, or internal wiring. See Strain Relief Test, Section 56. A metallic strain
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relief shall not contact uninsulated live parts or reduce spacings within the enclosure when the cord is
moved inward. The cord shall not be subject to damage by moving parts when it can be moved inward.

9.3.10 The edges of the entry hole for the power supply cord, including the cord entry hole in a bushing,
shall be smooth and rounded without burrs, fins, or sharp edges that might damage the cord insulation.
The power supply cord shall be routed to prevent damage to the cord insulation.

9.3.11 Cord connected equipment may be provided with more than one power supply cord when all of
the following conditions are met:

a) The equipment consists of two separate units joined together, two of the same unit in a single
structure, or a unit with separately supplied convenience receptacles.

b) Not|more than two cords are provided.

c) Each cord is of the type, size and rating required or permitted for the type of produ¢t and the load
supplie¢d to each unit. See 9.3.5.

d) Eagh attachment plug cap is sized based on the load supplied to each unit.
e) Both cords shall carry the system ground.

f) Whegn both cords provide power to the same control box.or electrical panel, the eiuuipment shall
be provided with a mechanical or electrical interlock“system that results in aJl ungrounded
condugtors of the supply being disconnected in the event that either cord is disconnegted.

g) Thel marking specified in 89.3(a) and 89.3(c) shall be provided.

h) The instructions shall contain informationcas indicated in 90.3.

9.3.12 With|regard to 9.3.11, where the combined rated current input to both supply cordls exceeds 80
percent of the branch circuit to which the-equipment will be connected, the unit or cord wjth the highest
rated current {nput shall be marked adjacent to the supply cord in accordance with 89.3(b).

9.3.13 The femote dispensing head of a beverage cooler/dispenser may be cord and plyg connected .
See the Excgption to 9.2.1 (d).The requirement of 9.3.11 shall also apply when the bgverage cooler
dispenser is glso cord connected.

9.4 Groundjng

9.4.1 A refrigerator shall have provision for grounding as follows:

a) For a permanently connected refrigerator, there shall be an equipment grounding terminal or
lead.

b) For a cord-connected refrigerator, there shall be an equipment grounding conductor in the power
supply cord terminating in an identified grounding terminal as specified in 9.4.2.

9.4.2 On a cord connected refrigerator, the grounding conductor of the flexible cord shall be finished with
a continuous green color or with a continuous green color with one or more yellow stripes, and no other
conductor shall be so identified. The grounding conductor shall be secured to the frame or enclosure of the
refrigerator by a positive means, see 13.5, that is not likely to be removed during any servicing operation
not involving the power supply cord. The grounding conductor shall be connected to the grounding blade
of the attachment plug.
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9.4.3 On a permanently connected refrigerator, a terminal intended solely for connection of an
equipment grounding conductor shall be capable of securing a conductor of the size required by the
National Electrical Code, ANSI/NFPA 70.

9.4.4 A soldering lug, a push-in connector, a screwless connector, or a quick connect or similar friction fit
connector shall not be used for the grounding terminal.

Exception: An internal connection for bonding internal parts of the enclosure for grounding, but not for a
field-installed grounding conductor or for the grounding wire in a power supply cord, may employ a quick
connect terminal of the specified dimensions, when:

a) The connector is not likely to be displaced; and

b) The vice rated as

shown

component is limited to use on a circuit having a branch circuit protective-d
in Table 9.3.

Table 9.3
Internal terminal connections for bonding

Terminal dimensions, inches (mm) Rating of protective device, amperess
0.020 by 0.187 by 0.250 (0.51 by 4.75 by 6.4) 20 or less
0.032 by 0.187 by 0.250 (0.81 by 4.75 by 6.4) 20 or less
0.032 by 0.205 by 0.250 (0.81 by 5.2 by 6.4) 20 or less
0.032 by 0.250 by 0.312 (0.81 by 6.4 by 7.9) 60 or less

nection of an

9.4.5 On pe

equipment grounding conductor shall have a_green-colored head that is hexagonal, slo

Except as indi
be plainly ider
on a wiring dig
be secured to
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motors.
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by a green col

manently connected refrigerators, awire binding screw intended for the cor

cated in 9.4.6, a pressure wire connector intended for connection of such a ¢
tified such as by being marked “G,” “GR,” “GROUND,” or “GROUNDING,” or]
gram provided on the refrigerator. The wire binding screw or pressure wire ¢
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tted, or both.
bnductor shall
by a marking
bnnector shall
unlikely to be
ces, or oiling
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pr identification, or by both.
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solely for the

connection of an equipment grounding conductor shall be finished in a continuous green color or a
continuous green color with one or more yellow stripes, and no other lead shall be so identified.

10 Internal Wiring And Wiring Methods

10.1 General

10.1.1 Wiring shall have insulation for the potential involved and the temperatures to which it may be
subjected. Compliance is to be determined on the basis of the temperatures measured during the
applicable temperature tests specified in Sections 44 — 47.

Exception: If it can be determined that the wiring will not be exposed to heat from radiating sources or
heated components, and if the ampacity of the conductors is in accordance with Table 10.1, the
temperature tests on the wiring may be waived.
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10.1.2  With reference to the Exception to 10.1.1, high-voltage circuit conductors supplying one motor
shall have an ampacity not less than 125 percent of the motor full load current rating. Conductors
supplying more than one motor shall have an ampacity not less than 125 percent of the full load current
rating of the largest motor plus the full load current rating of any other motors supplied. Conductors
supplying a motor load and other loads shall have an ampacity not less than 125 percent of the motor full
load current rating plus the marked current ratings or measured inputs of the additional loads supplied.
See also 10.5.1.

10.1.3 Wiring that is color-coded green or green with one or more yellow stripes shall be used only for
grounding conductors. Wiring used for other purposes shall not be identified with the color codes
mentioned in the previous sentence.

Table 10.1
Wiring materials ampacities

Wire size
mm? AWG Ampacity
0.41 22 4
0.66 20 7
0.82 18 10
1.3 16 13
21 14 18
3.3 12 25
5.3 10 30
8.4 8 40
13.3 6 55
21.2 4 70
33.6 2 95
424 1 110
NOTE — The ampacities shown apply to appliance wiring materials. For types of wires other than appliance wiring
materials, the ampacity shall be determined from Table 310-16 and 310-17 in the National Electric Code, ANSI/NFPA
70, for the ftype of wire employed. The correction factors of the referenced tables need not be applied.

10.2 High vpltage circuits

10.2.1 Interpal Wiring'shall comply with the Standard for Thermoplastic-Insulated Wires apd Cables, UL
83; the Stanqard.for Thermoset-Insulated Wires and Cables, UL 44; the Standard for Appliance Wiring
Material, UL 158;)or the Standard for Flexible Cords and Cables, UL 62.

10.2.2 Wiring material shall be suitably enclosed so as to reduce the risk of damage to the wiring, or
emission of flame or molten metal through openings in the cabinet. The wiring is considered suitably
enclosed when all of the following conditions are met:

a) Where practicable, individual leads are bunched together to form a cable;

b) Wiring is secured to fixed panels or other surfaces at intervals to assure proper routing and to
reduce the likelihood of hooking of slack during routine service, such as replacing air filters,
operating reset mechanisms, oiling motors, replacing fuses, adjusting the settings of controls, or
the like;

c¢) Wiring is located in a compartment which is provided with a complete base pan or similar bottom
enclosure;
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d) Wiring cannot be contacted through openings in the outer enclosure or cabinet by the probe
illustrated in Figure 5.3; and

e) Wiring is not located in a compartment where plumbing connections are made at the point of
installation.

10.2.3 Cords or appliance wiring material of a type indicated in Table 10.2 need not be enclosed as
indicated in 10.2.2 if the wiring is:

a) Arranged so that burning insulation or molten material will not fall onto flammable material within
or under the enclosure, and

b) Cord.type indicated in 9.3.5 or protected from physical damage by baffles barriers or the like so
that the wiring cannot be contacted by a 1/2 inch (12.7 mm) diameter rod inSefted vertically
downward into the wiring compartment.
Table 10.2
Wiring
Wire size Insulation thi¢kness
lype of wire, cord, or cable AWG (mm?) inch (mm)
Appliance wiring material having thermoplastic or 18 (0.82) 4/64 (1.6)
neoprene irjsulation, with insulation thicknesses
shown at right corresponding to the wire sizes 16 (1.3) 4/64 (1.6)
indicated; or cord Type S, SE, SO, SOO, ST, STO, 14 (2.1) 5/64 (2.0)
STOOQ; SJ, BJE, SJO, SJOO, SJT, SJTO, SJTOO,
SP-3, SPE, SPT-3 % (33) 5/64 (2.0)
10 (5.3) 5/64 (2.0)
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
4 (21.2) 9/64 (3.6)
2 (33.6) 10/64 (4.0
10.2.4 Parallel conductor appliance wiring material of the integral type shall not be ripped more than 3
inches (76.2 mm) unless the thickness of conductor insulation after ripping is at least 0.058 inch (1.47
mm). If the m3terial has,conductor insulation not less than 0.028 inch (0.71 mm) after rippiniand is within
a separate mgtal enclosure, conduit, electrical metallic tubing, or metal raceway, the length of rip is not
limited.
10.2.5 Thermepiastie-insuiated-high—voltage-wirirg-materials—that-have-an—insulatien—thiekness of 1/32

inch (0.8 mm) nominal for sizes 16 and 18 AWG, and 3/64 inch (1.2 mm) for sizes 14, 12, 10, and 8 AWG,
are considered to be equivalent to the wiring materials referenced in Table 10.2 when the conductors are
covered with thermoplastic insulating tubing that has a wall thickness of 2/64 inch (0.8 mm) and is of a
type rated for the purpose from the standpoint of electrical, mechanical, and flammability properties.

10.2.6 Resistance-type heater wire employed to prevent condensation is considered in compliance with
10.1.1 if the insulation is rated 80°C (176°F) or higher, the input is less than 2.5 watts per foot (8.3 W/m),
and adjacent heater wires are maintained not less than 3/4 inch (19.1 mm) apart and in contact with a
metal, phenolic, or other radiating panel. Heater wire that does not comply with the above ratings and
installation is to be subjected to the Heating Test — Condensation Wiring, Section 45.

10.2.7 Where cords or appliance wiring material are employed in the user accessible refrigerated
compartment, such wiring shall be of a type as indicated in Table 10.2 and shall be located or protected so
as not to be damaged by product containers, removable shelves, or similar parts.
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10.2.8 When wiring extends from the cabinet to a hinged door or to another part that provides access to
the product storage area, or is subject to movement during service operations such as replenishing the
product and routine cleaning, flexible conductors shall be employed. The wiring shall be routed or
protected to reduce the risk of damage to the insulation. When the wiring is exposed to the user or
attendant, the wiring shall be one of the S series of cord specified in Table 10.2 and shall be provided with
strain relief so that stress will not be transmitted to terminals or splices. See Strain Relief Test, Section 56.

10.2.9 With reference to 10.2.8, wiring that is subject to movement is to be tested by cycling the moving
part through the maximum travel permitted by the design unless it is evident that the wiring will not be
damaged. The duration of the test is to be 100,000 cycles. Following this, the unit is to be subjected to the
Dielectric Voltage-Withstand Test, Section 48, and the wiring is to be visually examined for damage to
determine if individual strands have penetrated the insulation.

10.2.10 Wi||ing to a shelf assembly shall be provided with strain relief so that stregs will not be
transmitted tg terminals or splices within the assembly. See Strain Relief Test, Section*66. The wiring shall
be routed angl supported to minimize exposure and the maximum free length between the last routing
clamp and th¢ connector shall not exceed 12 inches (305 mm). Such wiring shall be of the|type indicated
in Table 10.2.

10.2.11 The insulation of wires or cords connected to a fan motor orcother auxiliary motgr that requires
lubrication shgll be of an oil resistant type, such as Type SJO, SJTSPT-3, or appliance wiring materials
having oil resistant insulation.

10.3 Low voltage circuits

10.3.1 If grgunding, short-circuiting, or damaging of lew-voltage wiring may cause malfynctioning of a
pressure-limifjng device, motor overload protective;device or other protective device that may result in a
risk of fire, elgctric shock, or injury to persons, such wiring shall be enclosed as indicated in[10.2.2 or shall
be Type SPTR or SP-2 cord or one of the types§’indicated in 10.2.3.

10.3.2 Low yoltage non-safety circuit-wiring requirements are not specified.
10.4 Wiring method

10.4.1 All wires and cords shall be routed and supported to reduce the risk of damage duefto:
a) Shgrp edges;

b) Surfaces and parts that operate at temperatures in excess of that for which the wife insulation is
rated,

¢) Moving parts, and

d) Parts that can be expected to vibrate, such as motors, motor compressors, refrigerant lines, and
similar parts. Clamping means shall have smooth, rounded surfaces.

Exception: Wires and cords may contact a vibrating part when:
a) The wiring is securely fastened to the part at the point of contact so as to restrict movement,
b) The part does not have burrs, fins, or sharp edges, that might abrade the insulation, and

c¢) Vibration does not place a strain on the wiring or wiring connections.
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10.4.2 All wires and cords shall be routed and supported so that they will not be immersed in water
unless the insulation is specifically intended for this purpose. Wiring shall be arranged to prevent water
caused by condensation, defrosting, or when intended for outdoor use, rain exposure, from entering wiring

enclosures and electrical enclosures.

Exception: Water may enter an enclosure when:

a) The point of entrance is not in proximity to live electrical parts, and

b) The live parts are not wetted.

10.4.3 Each splice and connection shall be mechanically secured and electrically bonded. A soldered

connection sh

10.4.4 Splic
located in a s
movement, an
moved during
motors.

10.4.5 A spli
permanence d
wrapped over

10.4.6 Splici
with the Stand

10.4.7 Quick

a) Com

b) Forfn a secure electrical connection, such as by detents in the mating parts,

capabl
44. Se

specifig¢d in the Standard.for Electrical Quick-Connect Terminals, UL 310.

10.4.8 Wire
by soldered ¢
assembled to
secure before

T} ! 1 H Il lorpnrks I} H Jal 'l
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s shall be located within the refrigerator enclosure. They shall be secured
eparate enclosure so that they are not subject to flexing, motion,or 'ibrat
d similar occurrences. Strain relief shall be provided on the conductors if the
servicing operations, such as replacing fuses, resetting manual-reset dev

ce shall be provided with electrical insulation equivalent to that of the conduct
f spacing between the splice and other metal parts.is not maintained. Thern
the sharp ends of conductors is not acceptable.

ard for Wire Connectors, UL 486A-486B.

-connecting assemblies shall:

ply with the Standard for Electrical Quick-Connect Terminals, UL 310, or

b of carrying the current as determined during the Temperature and Pressure
curement of the connections may be determined by engagement/disengage

r pressure-type terminal connectors or the conductors shall be soldered
prevent loose strands after assembly. Soldered connections shall be made
being’soldered.

in position or
on due to air
iring may be
ces, or oiling

br insulation if
noplastic tape

ng devices, such as pressure-type wire connectors, may be employed when they comply

and shall be
Test, Section
ment tests as

binding serews shall thread into metal. At terminals, stranded conductors shall be secured

or otherwise
mechanically

10.4.9 Open-slot type connectors shall not be used unless they are constructed to prevent disconnection
resulting from loosening of the clamping means. When required spacings are reduced below the minimum
acceptable values by movement of the connector, the shanks of terminal connectors shall be protected by
electrical insulation secured in position and not less than 0.028 inch (0.71 mm) thick, except as permitted
by 30.10.

10.4.10 Holes for passage of wires and cords through walls, panels, or barriers shall have one of the
following:

a) Smooth, rounded surfaces; or

b) Be provided with smoothly rounded bushings fabricated from materials, such as ceramic,
phenolic, cold-molded composition, or fiber; or
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c) Be provided with wire insulating bushings that comply with the Standard for Insulating Bushings,
UL 635.

10.4.11 A wiring enclosure formed between the cabinet shell, liner, molding, trim strips, or the like shall
be constructed of metal or of nonmetallic material, see 7.1.8, and shall provide a smooth wireway with no
sharp edges or sharp projecting screws that might damage the wire insulation. Wood framing may be
employed in the cabinet-wireway enclosure, but other flammable thermal insulating material may not be in
direct contact with the wiring unless it can be shown that a risk of fire is not introduced.

10.4.12 Wiring shall be separated from HB and HBF materials in accordance with Table 82.1 and
Section 8.

Exception: Wlring employing VW-1 insulation need not be separated.
10.5 Short ¢ircuit protection

10.5.1 A conductor of a motor circuit having two or more thermal- or overcurrent-protectedd motors wired
for connection to one supply line shall comply with one or more of the following:

a) Haye an ampacity of not less than one-third the ampacity af)the branch circuit conductors as
deternpined in 9.2.8, or

b) Be [18 AWG (0.82 mm?) or larger and not more than 4*feet (1.2 m) in length, prgvided that the
circuit will be protected by a fuse or circuit breaker rated not more than 60 amperes, ¢r

c) Serye as a jumper lead between controls, pravided that either the length of the[lead does not
exceefl 3 inches (76.2 mm), or the conductor.is\located in an electrical control enclospire.

d) Withstand the conditions of the Limited Short-Circuit Test, Section 66.
11 Secondary Circuits
11.1 General
11.1.1 Each|secondary circdit'shall comply with the requirements for high-voltage circuits.

Exception: A|secondafy/-eircuit is not required to comply with the requirements for high-oltage circuits
when all of the following conditions are met:

a) The eirstiit is not relied upon to reduce the risk of fire, electric shock, or injury to peysons;

b) The circuit complies with the requirements for one of the types of secondary circuits referenced
in 11.2 and 11.3; and

¢) The circuit is separated from other circuits as required in Section 12, Separation of Circuits.

11.1.2 A secondary circuit is a circuit that is isolated at all points from the high-voltage primary branch
circuit. This isolation shall be provided by means of a transformer, optical isolator, limiting impedance, or
electromechanical relay.

11.1.3 Moving parts are to be evaluated with regard to their potential for personal injury regardless of the
circuit in which they are located.

11.1.4 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.
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Exception: A Class 2 circuit (see 11.2) and a Limited Voltage/Current Circuit (see 11.3) are not prohibited
from being connected to the frame at more than one point.

11.1.5 A waveform is considered to be direct-current (dc) when the amplitude of the voltage ripple is not
more than 10 percent of the peak voltage.

11.2 Class 2 circuits

11.2.1

a) The

11.3 Limited

11.3.1 A lim

secondary winding of an isolating type transformer) having:a. maximum open circuit vol

available to th

of the following means that limits the power available to thédevels specified for a Class 2 tran

a) A fix
b) Afu
¢c)Ano

d)Are
11.3.2 Alim

Limited Power
Safety — Part 1

11.3.3  Wher
available curre

Standard for Class 2 Power Units, UL 1310; or

r in accordance with 11.3.3.

voltage/current circuits

ited voltage/current circuit shall be supplied by )an isolating source (for

b circuit of not more than 30 volts rms/42.4 voltspeak, or 60 volts dc; and havirn

ed impedance;
IsH
hadjustable manual reset ciretlit protector; or

pulating network.

ted voltage/current) circuit may also be a circuit that complies with the requi
Source as deseribed in Clause 2.5 in the Standard for Information Technology
: General Requirements, UL 60950-1.

a secondary fuse or other such secondary circuit protective device is usd
ntin.accordance with 11.3.1, it shall be rated in accordance with Table 11.1.

A Class 2 circuit shall be supplied by an isolating source that complies with the following:

ormers — Part
P and Class 3

s to limit the

example, the

age potential

g at least one
sformer:

rements for a
Equipment —

d to limit the

Table 11.1
Rating for fuse or circuit protective device
Maximum available voltage? Amperes
0-20ac (rms)or0-20dc 5.0
Over 20 — 30 ac (rms) or over 20 — 60 dc 100/V°

@ Includes o

pen circuit voltage.

®V is defined as the maximum available voltage, including open circuit voltage.

11.3.4 When a primary circuit protective device is used to limit the available current in accordance with
11.3.1, there are no restrictions on the current rating of the protective device as long as it limits the
available secondary current in accordance with Table 11.1.
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11.3.5 Afuse used in accordance with 11.3.3 and 11.3.4 shall be one of the following:

a) A non-interchangeable fuse;

b) The largest fuse that fits in the fuseholder provided; or

c) Not

subject to user servicing and marked as indicated in 11.3.6.

11.3.6 When a protective device is used as specified in 11.3.3 or 11.3.4, the device shall comply with the
requirements of this Standard and shall be provided with an adjacent replacement marking in accordance

with 87.3.9.

11.3.7 An imppedansse

the current u

11.3.8 Whe
a regulating n
the available

limit the volta
fault condition

11.3.9 The
the isolating t

der short-circuit cond|t|ons to not more than 8.0 amperes measured after 2 fain

a fixed impedance (such as a component or grouping of components in'the §
etwork (such as used in a switching type power supply) is provided'to limit the
current in accordance with 11.3.1, the fixed impedance or regulating network s
he to the values given in 11.3.1 and limit the current to the value“given in 11.3.
S.

mpedance, the fuse, the protector, or the regulatinginetwork, and the wiring |
ansformer mentioned in 11.3.1 shall be judged as ifit were a part of a high-volf

11.3.10 Wirg¢s and cables that are part of a low-voltage gircuit shall be provided with strair

on the wire 0o

12 Separation Of Circuits

12.1  Unlesg
different circu
shall be segr
connected to

Exception: S¢
based on the
wiring with Id
secondary vo

provided with insulation.rated for the highest voltage involved, insulated
ts (internal wiring including wires in a wiring compartment) shall be separated
pgated and shall, intany case, be so separated or segregated from uninsul
Hifferent circuits.

bcondary-circuit wiring of an electric discharge lamp which requires higher
output voltage rating marked on the ballast (see 21.4) is not required to be sg
wer voltage rated insulation when the lower voltage rated insulation is gr
tage to ground marked on the ballast.

.3.1 shall limit
utes.

lame circuit) or
voltage and/or
hall function to
7 under single

between it and
age circuit.

relief if stress

[ cable would cause the internal wiring of\the circuits to contact an uninsulated live part of
another circuif.

conductors of
by barriers or
hted live parts

voltage wiring
gregated from
bater than the

12.2 Segregation of insulated conductors may be accomplished by clamping, routing, or other means
that maintains permanent separation from insulated or uninsulated live parts of a different circuit.

12.3 Field-installed conductors of any circuit shall be segregated or separated by barriers from field- and
factory-installed conductors connected to any other circuit, unless the conductors of both circuits are or will
be insulated for the maximum voltage of either circuit.

12.4 Field-installed conductors of a high-voltage circuit or a low-voltage circuit with National Electrical
Code, ANSI/NFPA 70, Class 1 wiring shall be segregated or separated by barriers from:

a) Uninsulated live parts connected to a different circuit, other than wiring terminals, and

b) Any uninsulated live parts of electrical components, such as a pressure-limiting device, motor
overload protective device, or other protective device, where short-circuiting or grounding may
result in a risk of fire, electric shock, or injury to persons.
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Exception: Segregation or separation by barriers is not required at wiring terminals.

12.5 Field-installed conductors of a low-voltage circuit with National Electrical Code, ANSI/NFPA 70,

Class 2 wiring

shall be segregated or separated by barriers from:

a) Uninsulated live parts connected to a high-voltage circuit, and

b) Wiring terminals and any other uninsulated live parts of low-voltage electrical components, such
as a pressure-limiting device, motor overload protective device, or other protective device, where
short-circuiting or grounding may result in a risk of fire, electric shock, or injury to persons.

12.6 When a barrier is used to provide separation between the wiring of different circuits, it shall be of

metal or of ari
13 Bonding

13.1 A refri
carrying meta
service persor

13.2 Uninsu
brackets, cor
components,
containing par

Exception: Th

a) Adh
the ou
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b) Isol3
screws

c) Cab|
separa

d) Panj
barrier
0.028 ]
consid

|u' ;Ilbuidt;llg Illdtcl Idi DUL;UIUL: ;II piabc.
For Grounding

perator shall have provision for the grounding of all exposedyor accessib
parts that are likely to become energized and that may be.contacted by t
nel during service operations likely to be performed when the refrigerator is en

troller mounting brackets, heater element sheaths, capacitors and ot
interconnecting tubing and piping, valves and. plumbing accessories, an
s are to be bonded for grounding if they may be.contacted by the user or servi

p following metal parts are not required to’be grounded:

bsive-attached metal-foil markings, screws, handles, and similar items, that 3
{side of enclosures or cabinetsand isolated from electrical components
ed metal parts so that they are not likely to become energized.

ted metal parts, such as motor controller magnet frames and armatures or st
that are positively separated from wiring and uninsulated live parts.

fnets, panels, and covers that do not enclose uninsulated live parts if wirin
fed from the cabinet, panel, or cover so that such parts are not likely to become

els and.cavers that are insulated from electrical components and wiring by
of vulcanized fiber, varnished cloth, phenolic composition, or similar materialg
hch\(0>71 mm) thick and secured in place. When material having a lesser thicl

e noncurrent
he user or by
ergized.

ated metal parts, such as cabinets, electrical enclosures, motor frames @nd mounting

ner electrical
d refrigerant-
Ce personnel.

re located on
or wiring by

nall assembly
h is positively

b energized.

an insulating
not less than
ness is used,

pration is to be given to such factors as its electrical, mechanical, and flar

ne resistance

properties when compared with materials in thicknesses specified above.

13.3 Metal-to-metal hinge bearing members for a door or cover may be used as a means for bonding a
door or cover for grounding when a multiple-bearing pin-type hinge(s) is employed.

13.4 A separate component bonding conductor shall be of copper, a copper alloy, or other material
acceptable for use as an electrical conductor. Ferrous metal parts in a grounding path shall be protected
against corrosion by metallic or nonmetallic coatings, such as enameling, galvanizing, or plating. A

separate bond

ing conductor or strap shall:

a) Be protected from mechanical damage or be located within the confines of the outer enclosure

or fram

e, and
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b) Not be secured by a removable fastener used for any purpose other than bonding for grounding
unless the bonding conductor is unlikely to be omitted after removal and replacement of the
fastener.

13.5 The bonding shall be by a positive means, such as clamping, riveting, bolted or screwed
connection, welding, or soldering and brazing materials having a softening or melting point greater than
455°C (850°F). The bonding connection shall penetrate nonconductive coatings, such as paint or vitreous
enamel. Bonding around a resilient mount shall not depend on the clamping action of rubber or other

nonmetallic m

aterial except as indicated in 13.7.

13.6  With reference to 13.5, a bolted or screwed connection that incorporates a star washer under the
screwhead or a serrated screwhead is acceptable for penetrating nonconductive coatings. When the

bonding mea
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material is a
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A variable clamping device and after exposure to the effects’of oil, grease,
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brd connected refrigerator, a bonding conductor or strap shall have a cross-se
of the grounding conductor of the supply cord‘except as permitted by 13.11 an

ermanently connected refrigerator, the size of a conductor employed to bon

| be connected. Except as indicated*in 13.11, the size of the conductor or st
ith Table 13.1.

b single screw

br nonmetallic
Dverload Test,
f compression
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ttional area no
d 13.12.

d an electrical
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rap shall be in

Table 13.1
Bonding wire conductor size
Size of bonding conductor?

overcﬁxz:tabgtc:llvice Copper wire Aluminum wire
ampleres AWG (mm?) AWG (mm?)
15 14 (2.1) 12 3.3)
20 12 (3.3) 10 (8.3)
T0 53) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)

2 Or equivalent cross-sectional area.

13.10 A conductor, such as a clamp or strap, used in place of a separate wire conductor as indicated in
13.9, may be used when the minimum cross-sectional conducting area is equivalent to the wire sizes
indicated in Table 13.1.

13.11

A smaller conductor may be used when the bonding conductor and connection comply with the

provisions of the Current Overload Test, Section 64, and the Limited Short-Circuit Test, Section 66.
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13.12 The size of a bonding conductor to a motor or other electrical component is not required to be
larger than the size of the motor-circuit conductors or the conductors supplying the component. See
10.5.1.

13.13 Splices shall not be employed in wire conductors used to bond electrical enclosures, motor
frames, or other electrical components.

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

fault protectior

13.15 A seq
connected to 4§

13.16  Withr

of the motor.

ondary circuit of less than 50 volts that is supplied by a transformér-hav
source of more than 150 volts to ground shall be bonded for grounding.

bference to 13.15, the size of the bonding conductor used to bend the second
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Exception No
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Exception No.
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Exception: Iro
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unded.

COMPONENTS
Carrying Parts

urrent-carrying part shall be of silver)scopper, a copper alloy, or other mate
rosion and acceptable for use as an‘electrical conductor.

1: Multimetallic thermal. elements and heater elements of a thermal pro
inherently resistant to carrosion.

2: Aluminum may:be used as a current-carrying part when treated to resist

teel shallknot be used as a current-carrying part.

N or._steel, when provided with a corrosion resistant coating, or stainless stee

ng a primary

ary conductor
conductors is
r shall be the

rial inherently

ector are not

oxidation and

may be used

for a current-c

brrying part when permitted in accordance with 4.9, or within a motor.

15

15.1

Insulating Material

material having equivalent electrical and mechanical properties.

Material for the mounting of uninsulated live parts shall be porcelain, phenolic composition, or other

15.2 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, but not as
the sole support for uninsulated live parts where shrinkage, current leakage, or warpage may introduce a
risk of fire or electric shock.

15.3 Polymeric materials used for the sole support of uninsulated live parts shall comply with the
requirements for materials used as direct support of live parts in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.
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15.4

Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape, UL 510.

15.5
Coated Electr

15.6

ical Sleeving, UL 1441.

Extruded Insulating Tubing, UL 224.

Insulating tape required for compliance with this standard shall comply with the Standard for

Insulating sleeving required for compliance with this standard shall comply with the Standard for

Insulating tubing required for compliance with this standard shall comply with the Standard for

15.7 Film-coated wire or materials used in an insulation system that operates above Class 105 (Class A)
temperatures shall comply with the Standard for Systems of Insulating Materials — General, UL 1446.

16 Switchel; And Controllers

16.1
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the complete
switches shal
switch does n
fan motor, or

Exception No

Exception No
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controlled loa

Exception: Ar
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16.1.4 A sw
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General

d connected refrigerator shall be provided with a manually operable switch th
refrigerator or will shut off any motor load exceeding the Vvalles shown in
have a marked “OFF” position (the international symbol *O”" may be used),
ot control the complete refrigerator, shall indicate which Joad it controls, such 3

similar load. The switch shall be accessible without the use of tools.

1: Laboratory refrigerators may be provided with-a key-operated switch.
2: A switch is not required when the only stipplied loads are receptacles.

itch or other control device shall bé’rated for the load it controls as dete
and Pressure Test, Section 44, and the Defrost Test, Section 47. See also 16.2

at will shut off

16.2.3. Such
and, when the
S COMpressor,

rmined by the
4 and 16.2.7.

Current rating ampacity of a.switch that controls an inductive load (other than
mer or an electric-discharge lamp ballast, shall be not less than twice the
i and shall have a voltage rating not less than the potential of the circuit in whig

ac general-use snap switch may be used to control an inductive load that dg
ing of the switeh at rated voltage.

itch that-eontrols a medium-base lampholder of other than a pilot or indicatin
vith\tungsten-filament lamps.

B motor), such
current of the
h it is used.

es not exceed

g light shall be

16.1.5 A switch is acceptable for use with tungsten-filament lamp loads when it has a T or L rating equal
to the tungsten-filament lamp load. A general-use alternating current snap switch, a circuit breaker, or a
nonautomatic circuit interrupter are considered acceptable for controlling tungsten-filament lamps at their
full ampacity. A switch having an alternating current rating of six times or more of the tungsten-filament
lamp load is also acceptable for use with that tungsten-filament lamp load without additional test.

16.1.6 The load controlled by a switch connected in an electric-discharge lighting system is to be
determined by the marked rating of the ballast units and other equipment controlled by the switch.

16.1.7 The load controlled by a switch connected in an incandescent lighting system is to be determined
by the size and number of lampholders controlled. Each intermediate-base lampholder is to be considered
as a 25 watt load each, medium-base lampholder as a 60 watt load, and each mogul-base lampholder as
a 500 watt load.
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16.1.8 A switch provided for the control of an electric-discharge lamp (s) shall be connected in the line
side of the lamp controls.

16.1.9 Circuit breakers used as switches in 120 volt fluorescent lighting circuits shall be rated as
indicated in 16.1.3 and shall be marked “SWD.”

16.1.10 Opening of a switching device that interrupts the main power supply circuit to a heater of a
permanently connected refrigerator shall disconnect all ungrounded conductors of the power supply circuit
when the switching device or the pilot device that controls the switching device has a marked “ON” or
“OFF” position.

16.1.11  Coil windings of switching devices shall be impregnated, dipped, varnished, or equivalently
treated to resigt absorption of moisture.

16.1.12 Swit
mechanical dg

a) lts m

b) By i

Ching devices shall be housed within an enclosure that will protect coils and co
mage, dirt, and moisture. The enclosure of the switching device may be provid

ethod of mounting within the refrigerator enclosure,

herent construction of the component, or

c) By means of a separate enclosure.

16.1.13 Acl
remote refrige

Exception: A
with 88.28, (2
Abnormal Ope
in the defrost t

16.1.14 A d
devices. The s

16.1.15 A sW
at not less tha

16.1.16 Whg
“ON?” position.

bck-operated switch used to terminate the operation of an electric defrost h
rator shall be provided as an integral part of the refrigerator.

block-operated switch need not be provided if the refrigerator (1) is marked
complies with the Defrost Test, Section 47, without the switch, or (3) coni

st without the switch.

witching device(s) istwnot required to be provided with a remote refrigerator.

itch provided das an interlock shall have an endurance rating of 100,000 cycle
n the load it.controls.

re circuit’breaker or switch handles are operated vertically, the “UP” positio

ntacts against
ed by:

paters(s) in a

n accordance
plies with the

ration Test — Electric Heater, Section 59, without exceeding the temperature fises specified

bfrost cycle control may. control the defrost heater (s) directly or through ofher switching

s of operation

N shall be the

16.1.17 A single-pole switching device shall not be connected to the identified grounded conductor. An
automatic regulating control that does not have a marked OFF position is not required to be connected to
the ungrounded conductor.

16.1.18 A circuit breaker shall be connected to open all ungrounded conductors of the circuit. Multipole
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, may be 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.

16.1.19 Switches shall comply with one of the following standards:
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a) Deleted

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

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

d) The Standard for Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker

Enclosures, UL 489.

e) Standard for Switchgear and Controlgear, Low-Voltage — Part 1: General Rules, UL 60947-1,
and the Standard for Control Circuit Devices and Switching Elements — Proximity Switches, UL

60947-5-2.

16.1.20 Clog¢k-operated switches shall comply with one of the following standards:

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

b) Thg Standard for Automatic Electrical Controls — Part 1; General Réquirements
and tme Standard for Automatic Electrical Controls for Househaold "and Similar

Particyilar Requirements for Timers and Time Switches, UL 60730-2-7

16.1.21 Controls shall comply with one of the appropriate standards in Table 16.01 for its i

under the speified parameters/conditions noted in Table 16.02.

Exception: A electronic operating control (e.g. a non-protective control), the failure of wi
increase the fisk of electric shock, fire, or personal injury,care not required to meet the com|
requirements|of paragraph 16.1.21, but need only be subjected to the following applicable r¢

this end prodyct standard.
a) Components (paragraphs 4.9, 4.10),
b) Quitk-Connects (paragraphs 10-4.7 — 10.4.9),
¢) Wiring (Section 10),
d) Sedondary Circuits (Section 11),
e) Segaration of Cireuits (Section 12),
f) Current Cartying Parts (Section 14),

g) Insylating’ Material (Section 15),

, UL 60730-1,
Use; Part 2:

nherent safety

hich would not
oonent control
bquirements of

h) Spacings (Sections 30 — 32),

i) Printed Wiring Boards (Section 271),

J) Temperature Test (Section 44),

k) Dielectric Withstand Test (Section 48),

/) Component Failure Test (Section 83C).
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Table 16.01

Controls — standards for inherent safety

Purpose of the control

Applicable standards

Temperature sensing control

UL 873/UL 244A,; or

UL 60730-1 and UL 60730-2-9

Pressure controls

UL 873/UL 244A,; or

UL 508; or

UL 60730-1 and UL 60730-2-6

Motor and speed controls

UL 873; or

UL 508; or

UL 508C; or

UL 244A; or

UL 60730-1

Timers

UL 244A; or

UL 60730-1 and UL 60730-2-7

Liquid level cont

ols

UL 244A; or

UL 873; or

UL 508; or

UL 60730-1 and UL 60730-2-16A, or

UL 60730=hand UL 60730-2-18A

Limit controls

UL 353

Table;16.02

Required parameters/conditions for controls

Features/condi

ions

Requirement

Electrical rating

The control shall meet or exceed the electrical r
load it is controlling. Compliance shall be shown
and recording the electrical parameters under a
of operation of the equipment.

htings of the
by measuring
| normal modes

Maximum operajing ambient, T .y

The maximum operating ambient of the control
to or exceed the manufacturer’s specified value
measured value during the temperature test, wh
higher.

hall be equal
or the
ichever is

Number of cycle

5 of manual action (reset)

Operating — 6000 cycles

Protective (safety) — 6000 cycles; 1000 with curi

ent, 5000

witnoutcarrent

Number of cycles of automatic action

Operating (regulating) — 6000 cycles
Protective (safety) — 100,000 cycles®

CTI of materials

175 <V <400

Type of action

considered to have type 1 action

considered to have type 2 action

A control incorporating Class A control functions are

A control incorporating Class B or C control functions are

Reset limits for thermal cut-outs

minus 35 °C

Pollution degree

See Table 32.1

Overvoltage category

See Table 32.2

Table 16.02 Continued on Next Page
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Table 16.02 Continued

Features/conditions

Requirement

Type of disconnection

Micro-interruption (1.C) — controls with Class A functions

Micro-disconnection (1.B or 2.B) — controls with Class B or C

functions

Micro-interruption (1.Y) — applies to solid-state switches (ex:

SSR, triacs etc.)

Full disconnection (1.A or 2.A) — applies to “on-off” switches

standard. See Section 18.

@ Endurance cycling requirements for compressor and motor protectors are specified in the appropriate compressor or motor

16.1.22 Unless specified elsewhere in this standard, protective (safety) controls whe

functions are

being relied upon to reduce the risk of fire, electric shock or personal injury*du

re the control
ring abnormal

operation of the equipment shall additionally comply with one of the appropriate standards fin Table 16.03
using the spegified functional safety test parameters/conditions.
Table 16.03
Functional safety standards and test conditions
Hardware only Software only Hardware|and software

Functional safgty test
parameters/seyerity levels H.11.12,UL | UL991,UL| | UL 60730-1
etc. UL 991 UL 1998 60730-1 1998 (+)
FMEA analysis X X X X X
Equipment failufe rate X failures/10° - - - -
Test acceleratedl multiplier Intermittent use — 576.3 — — - -
Continuous use — 5763

Test acceleratedl factor Table 25.2 based\on ambient

temperature - - - -
Voltage dips, vdriation and
interruptions X - - X X
Influence of volfage unbalance X
(3-phase produgt only) - - - -
Surge immunity] (+ +) X - - X X
Fast transient/bjrst X - - X X
Ring wave X - - X X
Electrostatic d|510harge 6 kV — contact _ _ 6 kV — 6 kV —

contact contact
8 kV — air - - 8 kV —air 8 kV — air
Electric and magnetic field X - - X -
RF — conducted disturbances - - - X
Radiated EMF immunity 3V/m - - 3V/m X
Influence of supply frequency -
(+++) - - X X
Magnetic field immunity - - - X X
Thermal cycling Indoor 0 — 40°C _ _ Indoor 0 — Indoor 0 —
40°C 40°C
Outdoor minus 35 —40°C Outdoor Outdoor
- - minus 35 — minus 35 —
40°C 40°C

Table 16.03 Continued on Next Page
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Table 16.03 Continued

Hardware only Software only Hardware and software
Functional safety test
parameters/severity levels H.11.12, UL UL 991, UL | UL 607301
etc. UL 991 UL 1998 60730-1 1998 ()
Humidity Indoor 50 percent Indoor 50 Indoor 50
- - percent percent
Qutdoor 98 percent Qutdoor 98 Outdoor 98
- - percent percent
Class of software - Class 1 Class B/C Class 1 Class B/C

NOTES

For a limit contrg

Class C control f

(+ +) — Indoor U

(+++)—If suppl

| eval A for software evaluations.

(+) the test valugs shall be based on the type of control function under consideration. Test parameters corresponding to test/
severity level 2 gh
unctions, unless otherwise noted.

all be used for Class B control functions. Test parameters corresponding to test/severity level'3 s

e is installation Class 3. Outdoor Use is Installation Class 4.

frequency is relied upon for correct operation of the control.

hall be used for

16.1.23 With
otherwise spe

regards to 16.1.22, the protective (safety) functions shall be as noted in Table
Cified.

16.04, unless

the as-received

Table 16.04
Protective functions

Protective function Type of control function Criteria of acceptance

Temperature lim|ting control (thermal Class B +

cutout)

Door interlock Class B Shall reliably disconnect power to the
hazard (for example, a dgor switch
controlling an auger motof)

Motor OLP/overfemperature/ overheating Class B A control becoming permgnently

protection (not rdnning overload) inoperative and disconneg¢ting power
meets the criteria for mitigating the risk

Pressure limitind device (Pressure Class B Before endurance, maxinjum marked

Limiter) (rated) setting + 5 percenf. After
endurance, * 5 percent of measured
initial setting.

* Before endurance: +10°F (+6°C) of its maximum marked set-point temperature up to a 300°F (149°C) rating, 4 pgrcent of its

maximum set-pdint Fahfenheit temperature up to 400°F (204°C), and 5 percent above 400°F; and After endurance];, not vary from

utout temperature by more than 5 percent of the maximum set-point Fahrenheit temperature or ml

whichever is greater.

pre than 10°F,

16.1.24 deleted

16.2 Motor controllers

16.2.1

A motor controller(s) used for controlling the loads involved shall be provided for all refrigerators

incorporating two or more motors, or a motor(s) and other load(s) intended for connection to the same

power supply.

See 16.2.3 and 16.2.5.

16.2.2 As used in this standard, a motor “controller” is defined as any switch or device normally used to
start and stop a motor.
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16.2.3 The attachment plug and receptacle may serve as the controller on a cord connected refrigerator
when the marked ampere rating does not exceed the values shown in Table 16.1 for the voltage indicated.

Table 16.1
Ampere rating
Amperes Voltage
7.2 115
4.0 208
3.6 230

16.24 On

controls a hefmetic refrigerant motor-compressor with or without other loads shall have a
that is at leas} 115 percent of the sum of the motor-compressor's rated load current and thg

for other cont

16.2.5 A co
the circuit sup

a) The
not ex

b) Wh

16.2.6 Whe

controller for & hermetic refrigerant motor-compressor shall have a full-load current rating ng

marked value

16.2.7 On 4
that controls
rating that is 4
selection curr
refrigerator ng

16.2.8 A sw
shall have a G

cord-connected refrigerator, a manually operated switch with a marked of

olled loads. See 17.4.

htroller is not required for any supply circuit of a permanently. eonnected refr
plies two or more motors or a motor(s) and other load(s) when; in either case:

marked maximum size of the supply circuit overcurrentiprotective device for t
ceed 20 amperes at 125 volts or less or 15 amperes)at’600 volts or less, and

h a branch-circuit selection current js-marked on a permanently-connected

plus any additional loads controlled.

permanently connected.reftigerator, a manually operated switch with a mark

A hermetic refrigerant, metor-compressor with or without other loads shall |
t least 115 percent ofithe sum of the motor-compressor's rated load current of
ent, whichever is(greater; and the rated current for other controlled loads, as
meplate. See 17 4.

itching device that may be called upon to break a motor load under locked-r
urrent interrupting capacity not less than the locked-rotor current of the motor.

16.2.9 Whe

f position that
current rating
e rated current

gerator where

at circuit does

bn the rating of any motor in the circuit does nétexceed 1 horsepower [746 watts output] and
6 full lpad amperes.

refrigerator, a
t less than this

led off position
ave a current
branch-circuit
shown on the

btor conditions

h a-switching device controls a compressor motor and fan motor and/or oth

r load, it shall

have a current interrupting capacity not less than the locked-rotor load of the compressor motor plus the
full load of the fan motor and/or other load.

16.2.10 Motor controllers shall be arranged so that they will simultaneously open a sufficient number of
ungrounded conductors to interrupt current flow to the motor.

Exception: This requirement does not apply to crankcase heating arrangements where the circuit is
arranged to permit current flow through a capacitor in series with the start winding of single-phase motors
with the motor not operating.

17 Motors

17.1

Motors shall comply with the requirements in the Standard for Rotating Electrical Machines —

General Requirements, UL 1004-1. Hermetic Motor-Compressors shall comply with the requirements in
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the Standard for Household and Similar Electrical Appliances, Part 2: Particular Requirements for Motor-

Compressors,

UL 60335-2-34.

17.2 Motors having openings in the enclosure or frame shall be arranged to reduce the risk of particles
falling out of the motor onto flammable material within or under the assembly. For built-in refrigerations,
alsosee 7.1.12-7.1.14.

17.3 The requirement in 17.2 will necessitate the use of a barrier of nonflammable material under an
open-type motor unless:

a) The structural parts of the motor or of the refrigerator, such as the bottom closure, provide the

equival

ent of such a barrier, or

b) The

or molrn material falls to the surface that supports the refrigerator when the{moto

under

c) The
temper

17.4 The ba
shall have an
similar functio
insulation, or s

motor overload protective device provided with the motor is such that no bufn

ach of the following fault conditions applicable to the motor type:
1) Open main winding,

2) Open starting winding,

3) Starting switch short-circuited,

4) Capacitor shorted (permanent split capacitor type), or

motor is provided with a thermal motor protector (a protective device that
ature and current) that will prevent the temperature of the motor windings from

1) 125°C (257°F) under the maximum load under which the motor will run w
the protector to cycle, and

2) 150°C (302°F) with the rotor.of the motor locked.

rier mentioned in 17.3.shall be horizontal, shall be located as indicated in Fig
prea not less than that described in that illustration. Openings for drainage, v

ing insulation
" is energized

s sensitive to
exceeding:

thout causing

ure 17.1, and
entilation, and

s, may be emplayed in the barrier when such openings do not permit molten metal, burning

imilar material,'to'fall onto flammable material.
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Figure 17.1
Location and extent of barrier

//&@
@ \»53’) r'

EB100A

A — Motor windiny to be shielded by barrier. Thisis.to/consist of the entire motor winding when it is not otherwise
consist of the unghielded portion of a motor winding'which is partially shielded by the motor enclosure or equivalent|

B — Projection of putline of motor winding‘onshorizontal plane.

C - Inclined lingl which traces out mihimum area of the barrier. When moving, the line is to be always (1) tan

thielded, and is to

gent to the motor

winding, (2) five degrees from the-vertical, and (3) so oriented that the area traced out on a horizontal plane is maxifnum.

D — Location (hoflizontal) and’minimum area for barrier. The area is to be that included inside the line of intersectiof
inclined line C and the_horizontal plane of the barrier.

traced out by the
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18 Motor Protection

18.1

18.1.1 Each

General

motor shall be protected against overload by one of the means specified in 1

2 -

18.3.

18.1.2 Overcurrent protective devices and thermal protective devices for motors shall comply with
applicable short-circuit current requirements for the class of protective device and shall, in addition,
comply with the requirements of the Limited Short-Circuit Test, Section 66.

18.1.3 When a motor protective system is used, all components shall be provided as part of the

equipment.

18.1.4 When
fuse that can i

18.2 Protection of single-phase nonhermetic motors

18.2.1  All sin
one or more o

a)As
percen
protect
overlog
overlog
values

b) A s¢
and is

motor pameplate full-load current.rating as specified Table 18.1. Such a device shall

fully pr

a fuse is used as a motor protective device, the motor shall be protected by t
e inserted into the fuseholder.

e largest size

gle-phase motors other than a hermetic refrigerant motor.Compressor shall bg protected by

the following:

pparate device responsive to motor current and rated or set to trip at not 1
fage of the motor nameplate full-load current rating specified in Table 18.1. If th
on specified in Column A of Table 18.1 does not correspond to the percentag
d relay of a standard size, the device of\the next higher size may be used.
d device of the next higher size shall_protect against currents exceeding th
specified in Column B of Table 18.1.

nore than the
e percentage
e value of an
However, the
e percentage

parate overload device which cofmbines the functions of overload and overcurient protection

responsive to motor currentrated or set at values not greater than the perce

btecting the circuit and metor both under overload and short circuit conditions.

d) A
Prote

otective device jntegral with the motor that complies with the Standard fo
ion for MotorsUL"2111. If such a device relies on software as part of the f

ntages of the
be capable of

Overheating
rotection, the
5, UL 1998 or

for Thermally

iir-moving fan

that is mtegrally attached keyed or othervwse f|xed to the motor is reqwred to have locked-rotor
protection only.

e) Impedance protection complying with the Standard for Overheating Protection of Motors, UL
2111 or the Standard for Impedance Protected Motors, UL 1004-2.

f) Protective electronic circuits integral to the motor that comply with the Standard for Electronically
Protected Motors, UL 1004-7.

g) Protective electronic circuits that comply with 18.2.2.

h) Other protection that is shown by test to be equivalent to the protection specified in (c) and (d).
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Table 18.1
Protective device activation level

Maximum percentage full-load current rating protection
A B
Motor with a marked service factor no less than 1.15 125 140
Motor with a marked temperature rise no more than 40°C 125 140
Any other motor 115 130

18.2.2 Except as indicated in 18.2.1 (c) and (f), electronically protected motor circuits shall comply with
one of the following:

a) Thg
When
compl
1998.

b) The
well a

Standard for Tests for Safety-Related Controls Employing Solid-State ,Deyices, UL 991.
the protective electronic circuit is relying upon software as a protective component, it shall
with the requirements in the Standard for Software in Programmable Components, UL
f software is relied upon to perform a safety function, it shall be considered soffware Class 1;

Standard for Automatic Electrical Controls — Part 1: GeneralkRequirements,
5 the Standard for Automatic Electrical Controls for Household and Simila

Particylar Requirements for Temperature Sensing Controls, UL 60730-2-9. If sof

upon t

c) The
incorp

Exception: C
circuit if ther
protective ele

18.2.3 With
be considered

18.3 Proted

b perform a safety function, it shall be considered software Class B; or,

Standard for Power Conversion Equipment, UL 508C for a power conver

JL 60730-1 as
r Use, Part 2:
ware is relied

sion controller

brating overcurrent protection with the percentage protection set as indicated in Table 18.1.

bmpliance with the above standards is_hot required for an electronically protected motor

a]

P js no risk of fire, electric shock, @r casualty hazard during abnormal te
Cironic circuit rendered ineffective.

reference to 18.2.2, the test'parameters in Table 16.02, Table 16.03, and Ta

sting with the

ble 16.04 shall

when judging the acceptability of a protective circuit.

Table 18.2

Acceptability criteria
Table deleted

tion of three-phase motors

18.3.1

Three-phase motors shall be protected by:

a) Three properly rated overcurrent devices, each complying with 18.2; or

b) Other protective methods if the methods provide protection under primary single-phase failure
conditions when supplied from wye-delta or delta-wye connected transformers. Units with such
protective methods shall be marked to indicate that the motor is protected under primary single-
phasing conditions.

c) Electronic protection that complies with 18.2.2 and 18.2.3.

18.4 Protection of hermetic refrigerant motor-compressors or Stirling engines

18.4.1

one or more of the following:

Hermetic refrigerant motor-compressors or Stirling engines shall be protected in accordance with
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a) The

applicable requirements in UL 60335-2-34; or

b) The Standard for Power Conversion Equipment, UL 508C for a power conversion controller
incorporating overcurrent protection with the percentage protection set as indicated in Table 18.1;

or

c) A separate overload relay that is responsive to motor compressor current and will trip at not
more than 140 percent of the rated load current of the motor compressor; or

d) An overcurrent device, such as a fuse or a circuit breaker, responsive to motor current, and rated
at no more than 125 percent of the motor-compressor rated-load current of the motor-compressor;

or

e) Elec

18.4.2 Moto
not permit a ¢
156 percent of

Exception: A g
ac and marke(

a) 12A
overcu

b) 16A
protect

18.4.3 For §
engine is the
Pressure Test

fronic protection that complies with 18.2.2 and 18.2.3.

protection systems and thermal protection of a motor-compressor or(Stirling
pntinuous current in excess of 156 percent of the motor-compressor.rated lo
the branch circuit selection current if the latter is marked).

ontinuous current exceeding 156 percent is permitted when“a’ unit is rated fo
| with a single overall ampere rating that does not exceed:

at 208-240 V and (if provided) the marked mimimum circuit ampacity &
Frent protective device size does not exceed 15 A;.or

at 120 V and (if provided) the marked minimum circuit ampacity and maximu
fve device size does not exceed 20 A.

cord-connected refrigerator, the rated load current of the motor-compres
current drawn by the motor-compressor or Stirling engine during the Tem
Section 44.

19 Electric Heaters

19.1 Heater

19.1.1 A defi

elements

ost heater shall be an encased assembly constructed of materials that will no

by the temperature to which they will be subjected in the refrigerator.

19.1.2 Meta

tubing forming a heater element enclosure shall be constructed of corrg

material or sh

engines shall
ad current (or

" single phase

nd maximum

m overcurrent

sor or Stirling
perature and

 be damaged

sion resistant

hll\be plated. dipped. or coated to resist external corrosion and shall be accsd

ptable for the

temperatures to which it is subjected. See 19.1.4.

19.1.3 A heater element, installed in the complete refrigerator, shall be protected against mechanical
damage. The heater is considered to be protected when it:

a) Employs a copper or steel sheath that is at least 0.016 inch (0.41 mm) thick, or

b) Cannot be contacted by the probe illustrated in Figure 5.1 when inserted with a force of 5
pounds (22.2 N).

19.1.4 Uncoated copper tubing is acceptable for temperatures of 200° C (392°F) and lower; metallic
coated copper tubing is acceptable for temperatures below the melting temperature of the coating.
Uncoated or oxide-coated steel tubing is not acceptable as a heater sheath. Plated steel tubing may be
employed when the coating is corrosion resistant and will withstand the temperatures to which it may be
subjected. Aluminum tubing may be employed when the alloy withstands the Abnormal Operation Test —
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Electric Heater, Section 59, without melting or other malfunction. Stainless steel tubing of the austenitic
grades, such as ASTM Type 304, is acceptable for heater sheaths.

19.1.5 Insulating materials, such as washers and bushings, that are integral parts of a heating element
shall be of a moisture-resistant material that will not be damaged by the temperatures to which they will be
subjected in the refrigerator.

19.1.6 Insulating material employed in a heating element shall be used as the sole support of live parts.
Materials, such as magnesium oxide, may be used in conjunction with other insulating materials when
located and protected so that mechanical damage is prevented and when not subjected to the absorption
of moisture. When determining acceptability of an insulating material, consideration is to be given to its
mechanical strength, dielectric strength, insulation resistance (see 65.1.1 — 65.1.3), heat resistant

qualities, the
a risk of fire a
considered w

19.1.7 Each
with the Acce

19.1.8 Elect
moisture. See
and heater sh

19.1.9 The
complies with

19.2 Heater

19.21 Whe
provided with

Hegree to which it is enclosed or protected, and any other features involved,th
hd unintended contact in conjunction with conditions of service. All of these fa
th respect to thermal aging.

heater case or terminal seal of rubber, neoprene, or thermoplastic material
erated Aging Test — Electric Heaters, Section 76.

ric heaters exposed to moisture within the refrigerator shall be sealed to preve
Insulation Resistance Test, Section 65. Molded seal Caps, vulcanized to th

eath, shall have a wall thickness equivalent to that«equired for the heater leads.

requirements of Section 19.1 do not apply t0”insulated resistance-type h¢
the applicable requirements of Section 10.

control

n malfunction could result in ‘a>risk of fire or electric shock, an electric h
a thermal protective device-6r a replaceable thermal cutoff in all ungrounde

See Abnormal Operation Test — Electric Heater, Section 59. Thermal cutoffs shall co

Standard for |

19.22 Ate
Abnormal Op|
shall:

a) Cor

hermal-Links — Requirements and Application Guide, UL 60691.

mperature-limiting.control that is required to reduce the risk of fire in the re

At can result in
ctors are to be

5 shall comply

nt entrance of
heater leads

5
ater wire that
eater shall be

td conductors.
mply with the

frigerator (see

eration Test < Electric Heater, Section 59) shall be an integral part of the refrigerator and

trol each-heater directly, or

b) Control each heater indirectly through a switching device that is also an integ

ral part of the

refrigerator. The switching device shall comply with the endurance test requirements for
temperature-limiting controls (see 57.1.1 (b) or (c)).

19.2.3 A thermal cutoff shall be secured in place and located so that it will be accessible for replacement
without damaging other connections or internal wiring. See 19.2.4 and 19.2.5.

19.2.4 Replacement of a thermal cutoff shall not necessitate:

a) Removal of the heater from its installation, or

Exception: This requirement does not preclude the withdrawal of a removable heating element(s)
to permit replacement of a thermal cutoff.

b) Disconnection of the field-wiring system.
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19.2.5 Wiring connected to a thermal cutoff shall be secured so that replacement of the thermal cutoff
will not result in displacement or disturbance of internal wiring other than leads to either the cutoff or to a
heating element assembly on which the cutoff is mounted.

20 Fuseholders And Circuit Breakers

20.1 Fuseholders

20.1.1 Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, in conjunction with any of the associated Standards tabulated below, as applicable for the class of
fuseholder:

a) The[Standard for Fuseholders — Part 4: Class CC, UL 4248-4,
b) The [Standard for Fuseholders — Part 5: Class G, UL 4248-5,
c) The Standard for Fuseholders — Part 8: Class J, UL 4248-8,
d) The [Standard for Fuseholders — Part 9: Class K, UL 4248-9,
e) The Standard for Fuseholders — Part 11: Type C (Edison)Base) and Type B Plug Fuse,
UL 4248-11,
f) The $tandard for Fuseholders — Part 12: Class R, UL.4248-12,
g) The[Standard for Fuseholders — Part 15: Class ToUL 4248-15.
20.1.1.1 A fdseholder shall be installed, or protected:so that adjacent uninsulated high-voltage live parts,

other than the|screw shell of a plug fuseholder, cartridge fuse clips, or wiring terminals to the fuseholder,

will not be exp
(4 inches) fror
similar materic
(0.028 inch).

20.1.2 The g
load.

20.1.3 Plug

osed to contact by persons remeving or replacing fuses. A separation of less
h the insulating body of a fuse i$°considered to be adjacent. A barrier of vulca
| employed as a guard for.ufiinsulated high-voltage live parts shall be not less

crew shell of plug~fuseholder used in a high-voltage circuit shall be connect

fuseholdet/of the Edison-base type shall be provided with an adapter design

than 102 mm
nized fiber or
than 0.71 mm

ed toward the

ed for Type S

fuses.

20.2 Circuit|breakers

20.2.1 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489. In addition, circuit breakers used in telecommunications
circuitry shall comply with the Standard for Circuit Breakers For Use in Communications Equipment, UL
489A.

20.2.2 Circuit breakers used to protect circuits having more than one ungrounded conductor and no
grounded neutral shall be of the multipole common trip type arranged to open all ungrounded conductors.
The use of external handle ties does not in itself constitute a common trip mechanism.
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20A Fuses and Supplementary Protectors

20A1

Unless otherwise specified, fuses shall comply with the Standard for Low-Voltage Fuses — Part 1:

General Requirements, UL 248-1, in conjunction with any of the associated standards tabulated below, as

applicable for
a) The
b) The
c) The

d) The

the class of fuse:

Standard for Low-Voltage Fuses — Part 4: Class CC Fuses, UL 248-4,
Standard for Low-Voltage Fuses — Part 5: Class G Fuses, UL 248-5,
Standard for Low-Voltage Fuses — Part 8: Class J Fuses, UL 248-8,

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

e) The
f) The
g) The

h) Thel
20A2 Ifas

fuse shall con
conjunction w

20A.3 Supp
Electrical Equ

20A.4 Asup
21

Electric-

21.1  Equipn
open circuit p

21.2 Each ¢

Standard for Low-Voltage Fuses — Part 10: Class L Fuses, UL 248-10,
Standard for Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11,
Standard for Low-Voltage Fuses — Part 12: Class R Fuses, UL 248-12,

Standard for Low-Voltage Fuses — Part 15: Class T Fuses&UL"248-15.

ipplementary fuse is permitted in accordance with theyrequirements in this sta
nply with the Standard for Low-Voltage Fuses — Part 1: General Requirement
th the Standard for Low-Voltage Fuses — Part 14:Supplemental Fuses, UL 24

ementary Protectors shall comply with thé(Standard for Supplementary Proteg
ipment, UL 1077.

plementary protector shall not be.used in place of a circuit breaker or protectiv
Discharge Lighting Systems

hent for use with electric-discharge lighting systems in a refrigerator shall b
btential of 1000 veltsirms or less.

omponent,.such as ballasts, starters, capacitors, and lampholders of an ele

lighting syste

shall beflocated in the refrigerator cabinet or superstructure.

21.3 An elegtric-discharge lampholder shall have a voltage rating not less than the output
marked on the“ballast used, except that if the ballast is also marked with a lower secong

ndard, such a
5, UL 248-1, in
B-14.

tors for Use in

B control.

b limited to an

ctric-discharge

voltage rating

ary voltage to

ground, the rating of the lampholder may be less than the output voltage marked on the ballast, but not
less than the marked secondary voltage to ground.

21.4 The voltage rating of the secondary-circuit wiring of an electric-discharge lamp shall be not less
than the output voltage rating marked on the ballast or ballasts to which it is connected, but not less than
300 volts in any case.

21.5 Lead wires provided as part of a lampholder are determined to have voltage ratings not exceeding
the voltage rating of the lampholder, unless a higher voltage rating is printed on the surface of the lead

wires.

21.6 A refrigerator employing electric-discharge lamps shall be provided with a ballast designed to
operate lamps of the size for which the cabinet is designed and shall be wired in accordance with the
diagram or instructions on the ballast.
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21.7 No uninsulated live part of an electric-discharge lighting system that involves a potential of more
than 300 volts shall be accessible:

a) When the lamps are in place or removed, or

b) While a lamp is in the process of being inserted or removed.

Exception: This requirement does not apply to an electric lampholder having recessed inaccessible
contacts.

21.8 Compliance with 21.7 will require that it not be possible to insert one end of a bi-pin lamp such that
one pin makes electrical contact and the other adjacent pin is accessible, and:

a) The
that lan

b) That
when 3

21.9 When
fluorescent bal

Exception: A

when the lam|
loading featur
the lampholde

use of lampholders constructed and wired so that when a lamp is removed,t
hp circuit is less than 300 volts, or

the primary circuit is open during the relamping operation and all liveparts ar
lamp is removed.

bi-pin lampholders (e.g., G5 or G13 ANSI type lamphaolders) are used W
lasts the ballasts shall be marked “Type CC”.

ballast need not be marked “Type CC” when theNlampholder is a circuit-inte
pholder employs a means to hold the lamp in-place, such as by incorpora
b or other equivalent feature that restricts lamp movement after lamp install
r additionally complies with IEC 60400, International Standard for Lampholde

Fluorescent Lgmps and Starterholders.

21.10 Lightin
a) Stan

a) Stan

Exception No
standard are ¢

Exception No.

g ballasts shall comply with the:
dard for Fluorescent-Lamp Ballasts, UL 935; or

dard for High-Intensity Discharge Lamp Ballasts, UL 1029.

1: Ballasts forfning part of a luminaire that complies with an appropriate
onsidered to fulfill this requirement.

2: Ballasts for other light sources shall comply with the appropriate UL standa

ne potential in

b inaccessible

ith electronic

rrupting type;
{ing a spring-
tion; or when
rs for Tubular

UL luminaire

rd(s).

22 Lighted ernd Associated Components

22.1 Lampholders and indicating lamps with integral/lamphilder (e.g. neon pilot lamp) shall comply with
the Standard for Lampholders, UL 496. Lampholders forming a part of a luminaire that complies with an
appropriate luminaire standard are considered to fulfill this requirement.

22.2 Lighting ballasts shall comply with the Standard for Fluorescent-Lamp Ballasts, UL 935, or the
Standard for High-Intensity Discharge Lamp Ballasts, UL 1209. Ballasts forming part of a luminaire that
complies with an appropriate luminaire standard are considered to fulfill this requirement.

Exception: Ballasts for other light sources shall comply with the appropriate standard (s) and need not
comply with UL 935 or UL 1029.

22.3 Light emitting diode (LED) light sources shall comply with the Standard for Light Emitting Diode
(LED) Equipment For Use In Lighting Products, UL 8750. LED light sources forming part of a luminaire
that complies with an appropriate luminaire standard are considered to fulfill this requirement.
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Exception: Individual LED light sources mounted on printed wiring boards and intended for indicating

purposes nee

23

23.1

d not comply with UL 8750.

Incandescent Lighting Systems

conductors or to ground.

No part of a screw shell-type lampholder shall operate at a potential of more than 150 volts between

Exception: This requirement does not apply to a lampholder for a pilot light or indicating lamp requiring the
use of tools for replacement.

23.2 Alamp

holder shall be constructed and installed so that uninsulated live parts, other

han the screw

shell, will not

Exception: TH
dismantle the

23.3 Lamph

be exposed to contact by persons removing or replacing lamps.

is requirement does not apply if, in order to remove or replace a Jamp, it ig
refrigerator or to remove the cover plate of other part by means of {ools.

plders and indicating lamps shall comply with the Standard for'Lampholders, U

Exception: Lampholders forming part of a luminaire that compli€s with an appropriate

standard are
24 Guardin

241 A lam
unintentionall

242 Thesu
diameter, wit
elevation, not
then is to be 1
the rod is to

lamp guards 3

24.3 A gua
subjected to 4

24.4 When

considered to fulfill this requirement.
g Of Lamps

b employed in a refrigerator shall be installed or guarded so that it is n
broken by material being placed in or-femoved from the refrigerator.

rface of a lamp shall not be contacted when a rod, 3 inches (76 mm) long, 3/4 i
N hemispherical ends, is supported vertically and inserted into the refrig
higher than the level permiitted by projecting guarding members, such as corj
hoved horizontally in any.direction that results in maximum exposure of the lan
be moved vertically downward to any position that may permit contact with
re employed, see-24.3 and 24.4.

n impact @s-described in 24.4, is capable of retaining any broken glass.

a guard is required, it shall not become damaged to the extent that the lam

necessary to

L 496.

UL luminaire

bt likely to be

nch (19.1 mm)
erator at any
hices. The rod
np. In addition,
A lamp. When

d, such as.arens or shield, shall not be supported by the lamp unless the¢ guard, when

p is no longer

protected in a

ccordance with 24.1 when the guard is subjected to an impact of 0.75 foot-pou

hd (1.0 J). The

impact energy is to be imposed by a 2 inch (50.8 mm) diameter, 1.18 pound-mass (0.53 kg) steel ball,
either falling vertically or swinging as a pendulum. The lamp guard is to be mounted in its intended
position, either in the refrigerator or on a section of the refrigerator, and struck within 1 inch (25 mm) of its
center. Three samples are to be used for this test. Each sample is to be subjected to a single impact. If the
manufacturer so elects, fewer samples may be used if the sample can withstand repeated impacts.

245 When a nonmetallic lamp guard is used within a freezer compartment, Three samples are to be (1)
cooled to a temperature of minus 18 £1.4 °C (0 2.5 °F) and maintained at this temperature for 3 hours
and impacted according to 24.4 while still cold; See footnote i of Table 82.1.

25 Receptacles

25.1 Receptacles shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.
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25.1.1 Unless intended to be connected to a power supply separate from that supplying other loads,
each receptacle intended for general use shall be rated at 15 or 20 amperes, 125 or 250 volts. Each
general use receptacles shall be of the grounding type.

25.2 Each special purpose receptacle, such as used in supplying lighting systems, shall be of the
grounding type.

25.3 A 125 volt, single-phase, 15 or 20 ampere receptacle intended for general use shall have ground-
fault circuit-interrupter (GFCI) protection for personnel. The GFCI shall comply with the Standard for
Ground-Fault Circuit-Interrupters, UL 943.

Exception: Receptacles on remote display refrigerators need not be GFCI protected type if the refrigerator

is marked as i

ndicated in paragraph 88.31.

25.4 Receptpcles rated more than 125 volt, single-phase, 15 or 20 amperes shall be Iqg

liquid due to
require the fac

pverflow, splashing, leakage, cleaning, and defrost will not enter/the recept

e of the receptacle to be mounted not less than 60 degrees from the ‘horizontal|

Exception: A

ceptacle used in a circuit provided with a ground fault circuit interrupter ma

cated so that
acle. This will

y be mounted

less than 60 degrees from the horizontal.
26 Receptagle And Lighting Circuits Overcurrent Protection

26.1 Overcufrent protection shall be provided as part of.the refrigerator for each recepta
circuit included in the refrigerator.

cle or lighting

Exception No. Uit is intended

to be connecte

1: Overcurrent protection is not required when the receptacle or lighting circ
d to a power supply separate from that supplying the refrigerator. See 88.26.

Exception No.|2: Overcurrent protection.is.not required when the refrigerator:

be connected to a branch circuit rated at not more than 20 amperes in accordance with the

b/ Electrical Code, ANSI/NFPA 70, and

a) Can
Nation

b) Is nat marked as speecified in 87.3.2.

26.2 The oV
acceptable for

ercurrent\protection specified in 26.1 shall be provided by a circuit breaker|s) or fuse(s)
braneh.Circuit use. A 15 ampere protective device shall be provided if a sindle 15 ampere
receptacle ouf

etus.furnished. Two or more 15 ampere receptacles (two separate receptaclgs or a duplex
receptacle) shwwwwm&mwmiceptade ora

combination 15 and 20 ampere receptacle shall be protected by a 20 ampere protective device.

Exception: A receptacle circuit may be protected by an overcurrent protective device rated less than
indicated above when the rating equals the receptacle load which is marked on the refrigerator. See
87.3.2. When the refrigerator is intended for connection to a branch circuit rated at not more than 20
amperes, the overcurrent protective device provided for the receptacle circuit may be of the
supplementary type.

27 Capacitors

27.1
27.4.

Capacitors shall comply with the Standard for Capacitors, UL 810 or shall comply with 27.1.1 —
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2711

A motor starting or running capacitor shall be housed within an enclosure or container that will

protect the plates against mechanical damage and that will reduce the risk of 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 not less than 0.020 inch (0.51 mm) thick.

Exception: When the capacitor is mounted within the enclosure of the refrigerator or within an enclosure
that houses other parts of the refrigerator, the individual container of a capacitor may be of:

a) Sheet metal having a thickness less than that specified, or

b) Material other than metal.

27.2 When
against corros

27.3 When

part and shal
and to prever]
mm) thick exg

274 A caps
against expul
requirements

uAPUbUU‘ tU tilc Uffcbtb Uf vvcati IUI;IIH, fCIIUuD IIIUtdi bdpdb;tul Cllbiubulcb bi Id
ion in accordance with 7.3.1. See also 7.1.23.

he container of an electrolytic capacitor is metal, the container shall\be‘consi
be provided with moisture-resistant electrical insulation to isolate\it from de
t contact during servicing operations. The insulating material shall'be at least
ept as indicated in 30.9.

citor employing a liquid dielectric medium more combdstible than askarel sha
Sion of the dielectric medium when tested in accordance with the applicabls
of this standard, including faulted overcurrent conditions based on the circu

used. See Linpited Short-Circuit Test, Section 66.

Exception: W
start winding,
66.1 but not |

component(s).

27.5 Capac
Standard for
Capacitors f
UL 60384-14.

27.6 In refd
Electronic Eq

hen the available fault current is limited*ty other components in the circuit,
the capacitor may be tested using a falilt current less than the test current spé
bSs than the current established by dividing the circuit voltage by the impedan

tors intended for connection\directly across the line shall comply with the requi
Fixed Capacitors for Use_in Electronic Equipment — Part 14: Sectional Spec
br Electromagnetic «Interference Suppression and Connection to the S

J

rence to 27.5;if a capacitor complies with the Standard for Fixed Capacit
Llipment <Part 14: Sectional Specification: Fixed Capacitors for Electromagnet

Suppression and Connection to the Supply Mains, UL 60384-14, it shall have specifications

| be protected

lered as a live
ad metal parts
1/32 inch (0.8

Il be protected
b performance
t in which it is

such as motor
beified in Table
ce of the other

rements of the
fication: Fixed
upply Mains,

brs for Use in
ic Interference
as follows:

pr.

a) Op¢4

rating voltage — Not less than 110 percent of the rated voltage of the refrigerat

b) For capacitors connected across the line (phase-to-phase) — Subclass X1 (4.0 kV) or X2 (2.5
kV) for impulse voltage (based on minimum Overvoltage Category of Il).

c) For capacitors connected from line to ground — Subclass Y1 or Y2 for any appliance having a
rated voltage not exceeding 500 volts; or as an alternate, subclass Y4 if a vending machine has a
rated voltage not exceeding 150 volts.

d) Upper category temperature — Based on the maximum capacitor surface temperature measured

during

the Temperature Test in Section 44, but not less than 185°F (85°C).

e) Lower category temperature — Based on the minimum surface temperature for which the
capacitor has been designed to operate when installed within the appliance as intended, but not

greate

r than 14°F (minus 10°C).

f) Duration of the damp-heat steady-state test — Not less than 21 days.
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g) Passive flammability category B or C. As an alternate, a polymeric capacitor case shall have a V-
0 flame rating as described in the Standard for Tests for Flammability of Plastic Materials for Parts
in Devices and Appliances, UL 94.

27A Valves and Solenoids

27AA1

a) The

Electrically operated valves shall comply with:

Standard for Electrically Operated Valves, UL 429; or

b) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1;
and the Standard for Automatic Electrical Controls for Household and Similar Use; Part 2:

Partic
Requir

c) Parg

27A.2 Theoc
subjected to th

27A.3 Therg
operate. See H

27A4 If a

0 H n £ =1 yas 1 Py n ! AA L Nt} 1 Il 'H
al NCYUITTITITTIS TUI icuuitdalry UpLcliailcu vvdlcil vdivco, mreiuyairi

ements, UL 60730-2-8; or

graphs 27A.2 — 27A.5.

pil of an electrically operated valve or solenoid shall not overheat when the
e Temperature and Pressure Test, Section 44; or Defrost Test;Séction 47.

shall be no risk of fire or electrical shock if an electrically operated valve or sg
Burnout Tests — Electromagnetic Components, Section 60.

alve must be cleaned periodically, the arrangement shall permit this op

performed without damage to the electrical parts of the valye or wiring.

27A.5 The ¢

oil windings of an electrically operated valve or solenoid shall be impregn

varnished, or gquivalently treated to resist absorption of moisture.

27B Outlet Boxes, Electrical Cable, Conduit and Tubing

27B.1 Outlet
for Nonmetalli
Standard for (

boxes shall comply with-the Standard for Metallic Outlet Boxes, UL 514A or
c Outlet Boxes, Flush:Device Boxes, and Covers, UL 514C. Fittings shall comy
onduit, Tubing, and-Cable Fittings, UL 514B. Cover plates shall comply with

for Cover Platgs for Flush-Mounted Wiring Devices, UL 514D.

27B.2  Alum
Nonmetallic sh

num or.-steel armored cable shall comply with the Standard for Armored
eathed'eables shall comply with the Standard for Nonmetallic Sheathed Cable

27B.3 Flexib

Mechanical

refrigerator is

lenoid fails to

eration to be

ated, dipped,

the Standard

ly with for the
the Standard

Cable, UL 4.
s, UL 719.

e'metal conduit shall comply with the Standard for Flexible Metal Conduit, UL

1. Rigid steel

conduit shall ¢

omply with the Standard for Rigid Metal Conduit — Steel, UL 6.

27B.4 Electrical steel tubing shall comply with the Standard for Electrical Metallic Tubing — Steel, UL 797.

27C Electromagnetic Interference Filters

27CA

Interference Filters, UL 1283.

27D Relays

27D

a) The

and Contactors

Electromagnetic relays and contactors shall comply with:

Standard for Industrial Control Equipment, UL 508; or

Electromagnetic interference filters shall comply with the Standard for Electromagnetic
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b) The Standard for Switchgear and Controlgear, Low-Voltage — Part 1: General Rules, UL 60947-
1, and the Standard for Switchgear and Controlgear, Low-Voltage — Part 4-1: Contactors and
Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1.

27E Wireways, Auxiliary Gutters and Associated Fittings

27E.1
Auxiliary Gutt

27F Batteri
27F.1 A lith
cells in the S
battery pack,
the Standard

27F.2 Rech

construction &

27F.3 Rechargeable nickel metal-hydride (Ni-MH) battery cells and packs shall comply wi

and performa

cells or batter

27F4 ACla
a) Sta

b) Sta
60950

requirgments and is marked “LPS”.

27F.5 Anon
a) Sta

b) Sta

60950

27G Optica

27G.1

ers and Associated Fittings, UL 870.

es and Battery Chargers

andard for Lithium Batteries, UL 1642. A lithium ion multiple cell battery, @n
shall comply with the applicable requirements for secondary lithium cells-or b
for Household and Commercial Batteries, UL 2054.

rgeable nickel cadmium (Ni-Cad) cells and battery packs shall 'comply with
nd performance requirements of this end product standard.

hce requirements of this end product standard, or the applicable requirements
y packs in the Standard for Household and Commeércial Batteries, UL 2054.

5S 2 battery charger shall comply with one of the following:
ndard for Class 2 Power Units, UL 1310;0r

hdard for Information Technology Equipment — Safety — Part 1: General Req
L1, with an output marked “Class)2”, or that complies with the limited power

-Class 2 battery charger shall comply with one of the following:
ndard for Power Units Other Than Class 2, UL 1012; or

hdard for Inférmation Technology Equipment — Safety — Part 1: General Req
1.

Isolators and Semiconductor Devices

Wireways, Auxiliary Gutters and Associated Fittings shall comply with the Standard for Wireways,

jum ion (1 i-On) single cell battery shall comply with the requirements for secondary lithium

d a lithium ion
bttery packs in

the applicable

h construction
for secondary

uirements, UL
source (LPS)

uirements, UL

to provide isolation between:

a) Primary and secondary circuits;

b) Extra-low-voltage safety circuits; or

c¢) Other high-voltage circuits.

An optical isolator shall comply with the Standard for Optical Isolators, UL 1577 if it is relied upon

27G.2 A power switching semiconductor device that is relied upon to provide isolation to ground shall
comply with the Standard for Electrically Isolated Semiconductor Devices, UL 1557.
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27H Terminal Blocks

27H.1  Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable,
be suitably rated for field wiring.

Exception: A fabricated part performing the function of a terminal block need not comply with UL 1059 if
the part complies with the requirements of paragraphs 9.2.9 - 9.2.16, 10.4.7 — 10.4.9, Section 14 (Current-
Carrying Parts), Section 15 (Insulating Material), and Sections 30 — 32 (Spacings) of this end product
standard.

271 Printed-Wiring Boards

271.1 A printed-wiring board shall comply with the Standard for Printed-Wiring Boards, Ub\}96, and shall
have a flammability level of at least V-1 when tested in accordance with the Standard| for Tests for
Flammability df Plastic Materials for Parts in Devices and Appliances, UL 94.

Exception: This requirement does not apply to a printed-wiring board that contains only Clas$ 2 non-safety
cireuits.

28 Transformer Protection
28.1 Generdl

28.1.1 A transformer (including an autotransformer), other,than one as described in 28.3.4|is considered
to be a high-vgltage transformer and shall:

a) Be provided with thermal overload protection in accordance with the requirements in 28.2.1,

b) Be protected by an overcurrent device’in accordance with the requirements in 28.3|1, or

c) Conply with the Burnout Test=~High-Voltage Transformers, Section 61.

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

28.1.2 Transformers cormplying with the Standard for Low Voltage Transformers: General Requirements,
UL 5085-1, arld the Standard for Low Voltage Transformers: General Purpose Transformerg, UL 5085-2,
are considered to fulfillthe requirements of 28.1.1.

28.2 High-voltage transformers — thermal protection

28.2.1 When a high-voltage transformer is provided with a thermal overload protective device, the device
shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings,
under overload conditions, to that permitted for the class of insulation employed in the windings. See
Overload Test — High-Voltage Transformers, Section 62.

Exception: When the thermal overload protective device provided is a nonrenewable thermal cutoff, a
burnout test is to be conducted in place of the overload test. See Burnout Test — High-Voltage
Transformers, Section 61.

28.2.2 A thermal cutoff shall comply with the Standard for Thermal-Links — Requirements and
Application Guide, UL 60691. A manual or automatic resetting thermal protector shall have an endurance
rating of not less than 6000 cycles and shall comply with the Standard for Temperature-Indicating and
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-Regulating Equipment, UL 873, or the Standard for Limit Controls, UL 353 pertaining to the calibration of
temperature limiting controls.

Exception: A type-2 action thermal cut-out, as specified in the Standard for Automatic Electrical Controls —
Part 1; General Requirements, UL 60730-1 and the Standard for Automatic Electrical Controls for
Household and Similar Use; Part 2: Particular Requirements for Temperature Sensing Controls, UL
60730-2-9, is considered to comply with the requirements of UL 873.

28.3 High-voltage transformers — overcurrent protection

28.3.1  When a high-voltage transformer is protected by an overcurrent device, such protection shall
comply with the requirements specified in 28.3.2, 28.3.3, and 28.4.1 — 28.4.3.

28.3.2 Excgpt as noted in 28.3.3, a high-voltage transformer shall be protected~by an overcurrent
device(s) locdted in the primary circuit and rated or set as indicated in Table 28.1. See|28.4.1.

Exception: When the rated primary current of the transformer is 9 amperes or more and 125|percent of this
current does hot correspond to a standard rating of fuse or circuit breaker, the next higher §tandard rating
of protective {levice may be used. Standard ratings of protective devices. aré specified in S¢ction 240-6 of
the National Blectrical Code, ANSI/NFPA 70.

Table 28.1
Rating of overcurrentdevices
Rated primary current, amperes Maximum rating of ovércurrent
Trangformer other than an device, percent of trarjsformer
hutotransformer Autotransformer primary current rating

Less than 2 - 3007

2 ¢r more, less than 9 Less than 9 167

9 or more 9 or more 125

@ May be ifjcreased to 500 percent when transformer supplies a motor control circuit.

28.3.3 Whgn the circuit supplying a transformer other than an autotransformer is [provided with
overcurrent protection ratéd-or set at not more than 250 percent of the rated primary [current of the
transformer, gdditional overcurrent protection is not required in the primary circuit provided [the secondary
circuit is prot¢cted at not more than 125 percent of the rated secondary current of the transformer. See
28.4.2.

Exception No.” T When the rated secondary current of the transformer IS 9 amperes or more and 125
percent of this current does not correspond to a standard rating of fuse or circuit breaker, the next higher
standard rating of protective device may be used in the secondary circuit. Standard ratings of protective
devices are specified in Section 240-6 of the National Electrical Code, ANSI/NFPA 70.

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

28.3.4 A transformer that directly supplies a National Electrical Code, ANSI/NFPA 70, Class 2 circuit
(see 3.6) shall, in accordance with one of the Standards referenced in 11.2.1 either limit the output current
(inherently limited transformer) or be equipped with an overcurrent device (not inherently limited
transformer).
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28.4 Overcurrent protective device

28.4.1 Overcurrent protection in the primary circuit of a transformer, as described in 28.3.2, need not be
provided as part of the refrigerator when, based on the marked rating or ratings of the refrigerator, the
rating of the branch circuit overcurrent protective device or devices does not exceed the values specified
in 28.3.2.

28.4.2 Overcurrent protection in the secondary circuit of a transformer, as required by 28.3.3, shall be
provided as part of the refrigerator.

28.4.3 A required transformer overcurrent protective device(s) provided as part of the refrigerator shall
be provided for all ungrounded conductors; be sized in accordance with requirements in 28.3.2 and 28.3.3,

as applicable;
a) A cin

b) A fu
cartridg

Exception: WH
device used fi
rating accepta
is a fuse, the nf

29 High-Voltage Control Circuit Conductor Overcurrent Protection
291 Generdl
29.1.1 For the purpose of these requirements, a “control circuit” is one that carries e

directing the p
the refrigerato
through a trarn
additional requ

29.2 Direct-

29.21 Forth

is supplied from a_branch circuit separate from a branch circuit that supplies other log

refrigerator. It

and have a voltage rating not less than the circuit in which it is used. The devic
cuit breaker acceptable for branch circuit protection or

se acceptable for branch circuit protection, such as a Class CC} G, H, J,
e fuse or Type S plug fuse. See 87.3.9.

en a transformer supply is tapped from a circuit supplying,other loads in the
br overcurrent protection may be of the supplementafy type provided it has
ble for the circuit in which it is used. See Table 66 1\lf the supplementary typ
bfrigerator shall be marked in accordance with the requirements in the Excepti

erformance of a controller whigh, in turn, governs power delivered to a motor o

sformer provided as part’'of the refrigerator, see Transformer Protection, S
irements.

connected high-voltage control circuit

e purpaose‘of these requirements, a “direct-connected high-voltage control circ

s not tapped from the load side of the overcurrent device or devices of any co

within the refri

e(s) shall be:

K, L R, or T

refrigerator, a
a short-circuit
e device used
bn to 87.3.9.

ectric signals
r other load in

r. A control circuit does.not-carry main power current. When a control-circyit is supplied

ection 28, for

Lit” is one that
ds within the
ntrolled circuit

perator. See 88.29.

29.3 Tapped high-voltage control circuit

29.3.1

For the purpose of these requirements, a “tapped high-voltage control circuit” is one that is tapped

within the refrigerator from the load side of the overcurrent device or devices for the controlled load.

29.3.2 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 29.1.

Exception No. 1: 18, 16, and 14 AWG (0.82, 1.3, and 2.1 mm?) conductors that do not exceed 4 feet
(1.2 m) in length between points of opposite polarity may be protected by fuses or circuit breakers rated 60
amperes or less.
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Exception No. 2: An overcurrent protective device of a higher rating may be used if the conductors
withstand short-circuiting when tested as specified in the Limited Short-Circuit Test, Section 66.

Exception No. 3: A lead 12 inches (305 mm) or less in length is not required to be provided with
overcurrent protection.

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

a) This protection is in accordance with requirements specified in Transformer Protection, Section
28, and

b) Theg rating of the device does not exceed the applicable value specified in Table)R9.1 multiplied
by the|ratio of secondary-to-primary rated transformer voltage.

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

Table 29.1
Overcurrent protective device rating for control circuit conductors

Maximum rating of overcurrent protective device, amperes
Tapped|control- Conducto_rs contained in control Conductors _extending beyon(ll control
circuit cbnductor equipment enclosure equipment enclosure
size,|]AWG Copper Aluminum? Copper Aluminum?
18 25 - 7 —
16 40 - 10 —
M 100 - 45 —
12 120 100 60 15
10 160 140 90 IS
Larger than 10 b b [¢ C
2 Includes fopper-clad aluminum.
b 400 perc¢nt of value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA|70.
¢ 300 percgnt of valye specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFPA|70.

29.3.3 Overcurrent protection for a tapped high-voltage control circuit conductor, as reqyired by 29.3.2
shall be provided as part of the refrigerator.

Exception: The overcurrent device(s) is not required to be provided as part of the refrigerator when, based
on the marked rating(s) of the refrigerator, the rating of the branch circuit overcurrent protective device(s)
does not exceed the values specified in Table 29.1.

29.3.4 A control circuit overcurrent protective device(s) shall:
a) Be provided for all ungrounded conductors,
b) Be sized in accordance with requirements in 29.3.2 and

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

29.3.5 The device(s) mentioned in 29.3.4 shall be:
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a) A circuit breaker acceptable for branch circuit protection, or

b) A fuse acceptable for branch circuit protection, such as a Class CC, G, H, J, K, L, R, or T
cartridge fuse or Type S plug fuse. See 87.3.9.

Exception: When the control-circuit is tapped from a circuit supplying other loads in the refrigerator, a
device used for overcurrent protection may be of the supplementary type provided it has a short-circuit
rating acceptable for the circuit in which it is used. See Table 66.1. When the supplementary type device
used is a fuse, the refrigerator shall be marked in accordance with the Exception to 87.3.9.

SPACINGS

30 High-Voltage Circuits
30.1 The sp4cing requirements in 30.2 — 30.10 apply to high-voltage circuits, defined)in’3.6(a).

30.2 Unless ppecifically noted otherwise, the spacings between uninsulated live:parts of opposite polarity
and between an uninsulated live part and a dead metal part shall be not less than the valugs indicated in
Table 30.1.

Electrical spacings in refriger-g?gtlieai%kr air-handling compartments
Ratings Minimum spacings in inches (mm)

Volt-ampefes Volts Through air® Over surface? To enclosure®
2000 or less 300 or less 1/8° (3:2) 1/4 (6.4) 1/4 (6.4)
2000 or less 301 -600 3/8 (9.5) 1/2 (12.7) 112 (12.7)

More Thgn 150 or less 1/8° (3.2) 1/4 (6.4) 1/2 (12.7)
2000 151 -300 14 (6.4) 3/8 (9.5) 172 (12.7)
301 -600 3/8 (9.5) 1/2 (12.7) 1/2 (12.7)

@ At points gther than field-wiring tegminals, the spacings for heater elements only may be as indicated below provided
the elements are not subject to moisture, such as may result from condensation on cooled surfaces:

1/16 inch (16 mm) Through Air and Over Surface for heaters rated 0 — 300 volts.

1/4 inch¥(6:4 mm) Through Air and Over Surface for heaters rated 301 — 600 volts.

® The spacifigs betweeh wiring terminals of opposite polarity, or between a wiring terminal and ground shall ndt be less
than 1/4 inch (6.4 .mm); except that if short-circuiting or grounding of such terminals will not result from projecting strands
of wire, spafing\need not be greater than that given in the above table. Wiring terminals are those connected ih the field
and not facfory wired.

¢ Includes fittings for conduit or metal-clad cable.

30.3 The “Through Air" and “Over Surface” spacings specified in Table 30.1 and Table 30.2 at an
individual component part are to be based on the total volt-ampere consumption of the load or loads that
the component controls. For example, the spacings at a component that controls only the compressor
motor are based on the volt-amperes of the compressor motor. Spacings at a component that controls
loads in addition to the compressor motor are to be based on the sum of the volt-amperes of the loads so
controlled. Spacings at a component that independently controls separate loads are to be based on the
volt-amperes of the largest load controlled. The volt-ampere values for loads are to be determined by the
marked rating of the loads. For loads that are not required to have a marked rating, the measured input is
to be used in determining the volt-ampere values.
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30.4 All uninsulated live parts connected to different circuits shall be spaced from one another as though
they were parts of opposite polarity in accordance with the requirements indicated in the above clauses
and shall be based on the highest voltage involved.

30.5 With reference to 30.2 and 30.3, the “To Enclosure” spacings specified in Table 30.1 do not apply to
an individual enclosure of a component part within an outer enclosure or cabinet.

30.6 The spacings indicated in Table 30.2 are applicable only to electrical components mounted in totally
enclosed nonrefrigerated and/or nonair handling compartments which are free of moisture, including that
caused by condensation. At wiring terminals and for circuits over 250 volts or over 2000 volt-amperes,
spacings in Table 30.1 apply.

Table 30.2
Spacings in non-refrigerated and non-air handling compartments

Ratings Minimum spacing in inches (mm)
Volt- Volts Through air Over surface To enclogure?®
amperes|
0-2000 0-125 1/16 (1.6 mm) 1/16 (1.6(hm) 1/4 (6.4 mm)
126 — 250 3/32 (2.4 mm) 3/32 (2.4 mm) 1/4 (6.4 mm)
Note — Sed 30.6.
2 Includes fittings for conduit or metal-clad cable.
30.7 The spacings specified in 30.6 do not apply toxthe inherent spacings of a compongnt part of the
refrigerator, quch as a snap switch, controller, attachment plug, and similar part, for which spacing

requirements
the assembly
enclosures, s

30.8 When
rated voltage

Exception: Wi
exceeds 500

30.9 The sf
circuit and a

are given in a standard for the component. However, the electrical clearance
of the components into the ecomplete product, including clearance to g
nall be those indicated.

higher than rated potentiallis developed in a motor circuit through the use of
pf the system is to be.employed in judging the required spacings.

hen the developed steady-state potential as determined in the temperature an
olts, the developed potential is to be used in determining the spacings for the

acing ‘between uninsulated live terminals of the components in an electric-d
ead metal part or enclosure shall be not less than 1/2 inch (12.7 mm) when

resulting from
ead metal or

capacitors, the

 pressure test
barts affected.

ischarge lamp
he potential is

600 volts or Igss.and not less than 3/4 inch (19.1 mm) if the potential is 601 — 1000 volts.

30.10 An insulating lining or barrier of fiber or similar material, employed where spacings would
otherwise be less than the required values, shall be not less than 0.028 inch (0.7 mm) thick and shall be
located or of such material so that it will not be deteriorated by arcing.

Exception No. 1: Fiber not less than 0.013 inch (0.3 mm) thick may be used in conjunction with an air
spacing of not less than 50 percent of the spacing required for air alone.

Exception No. 2: Thinner material may be used when it has equivalent insulating, mechanical, and flame
resistance properties when compared with materials in required thicknesses.

31 Low-Voltage Circuits

31.1 The following spacing requirements apply to low-voltage circuits, as defined in 3.6(b).


https://ulnorm.com/api/?name=UL 471 2019.pdf

78

UL 471

SEPTEMBER 12, 2019

31.2 A circuit derived from a source of supply classified as a high-voltage circuit, by having resistance
connected in series with the supply circuit as a means of limiting the voltage and current, is not considered

to be a low-vol

tage circuit.

31.3 The spacing for low-voltage electrical components that are installed in a circuit that includes a
pressure-limiting device, motor overload protective device, or other protective device, where a short or
grounded circuit may result in a risk of fire, electric shock, or injury to persons shall comply with (a) — (c):

a) The spacing between an uninsulated live part and the wall of a metal enclosure, including fittings
for the connection of conduit or metal-clad cable, shall be not less than 1/8 inch (3.2 mm).

b) The spacing between wiring terminals regardless of polarity and between the wiring terminal and

a dea

meaetal nart includina-tha anclosure—and fittinas for the connaction-of-condui
Feta—pat—ReHeiRg—He-0R6roStHeaRa—HtRgs—+er—e-cohh HOH—-O+—coHaHH

, that may be

ground

c) The
live pa
installe
mainta

314 The sp
specified.

32 Alternatg Spacings — Clearances and Creepage Distances

321 As an
requirements
for Electrical B
spacings bety
determining th
appliance is s
and 32.3 modi

32.2 When applying specific requirements in UL 840, the degrees of pollution shall be 3

Table 32.1.

ed when the device is installed, shall be not less than 1/4 inch (6.4 mm).

spacing between uninsulated live parts regardless of polarity and betwgen 3
t and a dead metal part, other than the enclosure, that may be grounded whe
d, shall be not less than 1/32 inch (0.8 mm) provided that the)constructio
ns required spacings.

alternative to the specified spacing reguirements of Sections 30 and 31
n the Standard for Insulation Coordination Including Clearances and Creepa
quipment, UL 840, are applicable. Thesspacing requirements in UL 840 shall n|
een field wiring terminals or between uninsulated live parts and a metal
e pollution degree and overvoltage category, the environmental conditions
bjected in the end-use application shall be applied and those characteristics
fied accordingly.

Table 32.1
Degrees of pollution

It

n uninsulated
the device is
of the parts

bcings in low-voltage circuits that do not contain devices'such as indicated in 31.3 are not

the spacing
ge Distances
ot be used for
enclosure. In
to which the
given in 32.2

s indicated in

Equipment Pollution d

egree

coating.?

Hermetically sealed or encapsulated equipment or printed wiring boards with protective

1

controls for
appliances.

Equipment for ordinary locations and indoor use, such as residential controls, commercial

use in a clean environment, nonsafety controls for installation on or in

All safety or limit controls, equipment for outdoor use, and equipment influenced by
surrounding environment, such as controls within the refrigerated compartment and within
the machine compartment.

@ Tested in accordance with the protective coating test in the Standard for Insulation Coordination Including Clearances
and Creepage Distances for Electrical Equipment, UL 840.

32.3

When applying specific requirements in the Standard for Insulation Coordination Including

Clearances and Creepage Distances for Electrical Equipment, UL 840, the spacing requirements in UL
840, shall be based on the overvoltage categories as indicated in Table 32.2.
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Table 32.2
Overvoltage categories

Equipment

Overvoltage category

Intended for fixed wiring connection

Portable and stationary cord-connected

Low voltage circuits on the secondary side of a transformer 2 |

@ Applicable to low-voltage circuits if a short circuit between the parts involved does not result in operation of the
controlled equipment that increases the risk of fire or electric shock.

REFRIGERATION SYSTEM
33 Refrigeants
33.1 Deleted
33.1 General
33.1.1 Except as specified in 33.1.2, the refrigerant employed in the system shall exhibit:
a) Flammability characteristics evaluated in accordance)with the Standard for Refrigerants, UL
2182 ar be evaluated as described in 33.1.4; and
b) A Lpwer Toxicity (Safety Group A) classification/in accordance with the Designatjon and Safety
Classification of Refrigerants, ASHRAE 34.
Exceptfion: The use of ammonia (R717, Class B) is acceptable.
33.1.2 A rdfrigerant blend not complying with 33.1.1 shall consist of component refifigerants each
individually camplying with 33.1.1 and be‘evaluated as described in 33.1.4. The refrigerant|blend shall be
considered tolhave:
a) A tgxicity classificationthat is the most toxic of any of the individual components wi(thin the blend;
and
b) A flammability,“classification that is the most flammable of any of the individugl components
within the blend:.

33.1.3

In re
flammability class

ference to 33.1.2, a refrlgerant blend contalnlng one component exhibitin]

g A1 toxicity/

another with B2

tOX|C|ty/fIammab|I|ty classmcatlon shall be conS|dered a B3 refrlgerant Other refrlgerant blends shall be

considered in

like manner.

33.1.4 A compositional analysis of the refrigerant shall be conducted:

a) If the flammabililty characteristics required in accordance with 33.1.1(a) have not been evaluated
in accordance with UL 2182, to confirm composition consistent with refrigerants specified in
Designation and Safety Classification of Refrigerants, ASHRAE 34:

b) For a refrigerant blend as specified in 33.1.2 to confirm compositions consistent with a blend of
individual refrigerants specified in Designation and Safety Classification of Refrigerants, ASHRAE

34.
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33.2 Testing

33.21 General

33.2.1.1 These tests are applicable to refrigerants required to be subjected to a compositional analysis in

accordance wi

th 33.1.4.

33.2.1.2 The composition (nominal for blends) of the refrigerant shall be determined by analytical testing
(e.g. infrared spectroscopy and gas chromatography).

33.2.2 Qualitative infrared analysis

33.221 An
The infrared s
centimeters.

33.222 Arf
spectra of the

33.2.2.3 Thd
through the sp
transmittance

33.2.3 Gas d

33.231 Ad
conductivity, fl

33232 Ar
vaporize. A Kr
calibrated for
shall be recor
detector respo

33.2.3.3 Ths
and detector 1

(s)-

nfrared analysis shall be performed with a Fourier Transform Infrared (FTIR)
pectra obtained shall consist of a minimum wavenumber range of 4000 ~ 4

bpresentative gas sample of the refrigerant shall be captured in'a sealed ce
refrigerant shall be obtained.

results shall be recorded as a plot of the percent transmittance of the infr
ecimen versus the reciprocal wavelength (cm-1) orfwavenumber” of the radi
5hall be expressed on the ordinate and wavenumber on the abscissa.

hromatography analysis

as chromatography analysis shall be-performed with a gas chromatograph
bme ionization or equivalent detection:

bpresentative aliquot of the ligquid is transferred to an evacuated container a
own volume of the vaporized sample is injected into a gas chromatograph
he sample component(s).A chromatogram of the refrigerant shall be obtaine
jed as a plot of time, measured from the start of the analysis on the absciss
nse of the individualNractions of the refrigerant on the ordinate.

qualitative/quantitative composition of the sample is to be derived from the r
bsponses.of-the sample using the standard calibration curves of the refrigera

34 Pump-Dg

spectrometer.
00 reciprocal

| and infrared

ared radiation

ation. Percent

using thermal

nd allowed to
hat has been
d. The results
a, versus the

ptention times
ht component

pwn)Capacity

34.1

The section of a refrigerator intended to receive the refrigerant charge during a pump-down shall

have the capacity to receive the charge without the liquid occupying more than 90 percent of the volume of

the section wh

en the temperature of the refrigerant is 32°C (90°F).

35 Refrigerant Tubing And Fittings

35.1

components shall be not less than indicated in Table 35.1.

The wall thickness of copper, steel , or aluminum tubing used to connect refrigerant-containing

Exception: Copper or steel capillary tubing that is protected against mechanical damage by the cabinet or
assembly shall have a wall thickness not less than 0.020 inch (0.51 mm).
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Table 35.1

Minimum wall thickness for copper and steel tubing

Copper

Protected within

Outside Diameter refrigerator Unprotected Steel Aluminum
Inch (mm) Inch (mm) Inch (mm) Inch (mm) Inch (mm)
3/16 (4.76) 00245  (0.622) | 00265  (0.673) 0.025 (0.64) 0.035 (0.89)
114 6.4) 00245  (0.622) | 00265  (0.673) 0.025 (0.64) 0.035 (0.89)
5/16 (7.9) 0.0245  (0.622) | 00265  (0.673) 0.025 (0.64) 0.035 (0.89)
3/8 (9.5) 00245  (0.622) | 00265  (0.673) 0.025 (0.64) 0.035 (0.89)
112 12.7) 00245  (0.622) | 00285  (0.724) 0.025 (0.64) 0:03p (0.89)
5/8 (5.88) | 00315  (0.799) | 00315  (0.799) 0.032 0.813) |~0'0ads (1.24)
3/4 (19.05) 0.0315 (0.799) 0.0385 (0.978) 0.032 (0.813) 0.0448 (1.24)
7/8 ®223) | 00410  (1.041) | 00410  (1.041) 0.046 (1468) | 0.0640 (1.65)
1 ®5.40) | 00460  (1.168) | 00460  (1.168) - - 0.0740 (1.83)
1-1/8 ®858) | 00460  (1.168) | 00460  (1.168) 0.046 (1.168) _ _
1-1/4 ®175) | 00505  (1283) | 00505  (1.283) 0,046 (1.168) - _
1-3/8 B493) | 00505  (1.283) | 00505  (1.283) \ - _ _
1172 G8.10) | 00555  (1.410) | 00555  (1.410) 0.062 (1.575) _ _
1-5/8 #128) | 00555  (1410) | 00555  (1.41q) _ _ _ _
2-1/8 63.98) | 00640  (1626) | 00640 (1876 _ _ _ _
2-5/8 #6.68) | 00740  (1.880) | 00740 .\ (1.880) _ _ _ _

thickness.

NOTE — Nomingl wall thickness of tubing will have to be greaterthan the thickness indicated to maintain the mininjum wall

35.2 Tubind shall be constructed of.cérrosion-resistant material such as copper, or shall be plated,
dipped, coatdd, or equivalently treated)to resist external corrosion. Aluminum may be uged where the

material is nof subject to galvanic ecorrosion.

35.3 Tubing forming part(of components such as evaporators or condensers, wherg protection is
afforded by ipherent construction, shall be judged according to Strength Test — Pressyre Containing
Components,|Section 68-

35.4 Specigl alloys or constructions used in refrigerant-containing components, including tubing with a
wall thicknesg™ess than indicated in 35.1 are acceptable, subject to an investigation that considers

resistance to mechanical abuse, strength against internal pressure, resistance to corrosion, protection
against refrigerant contamination, and compliance with requirements of safety codes such as the Safety
Standard for Refrigeration Systems, ASHRAE 15, as compared to tubing of the minimum wall thicknesses

indicated in Table 35.1.

35.5 Tubing connections shall be made by means of flare-type fittings with steel or forged brass nuts, by
soldering or brazing, or by equivalent means. Flare-type fittings shall comply with the Standard for

Refrigeration Tube Fittings — General Specifications, SAE J513.

36 Refrigerant-Containing Parts

36.1 Parts of a refrigerator subjected to refrigerant pressure shall:

a) Comply with the Strength Tests — Pressure Containing Components, Section 68; or
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b) Comply with the Fatigue Test Analysis, Section 69; or

c) Employ overpressure protection as indicated in 36.1.1 and withstand the pressures indicated in
68.1.1.1 for high-side parts and 68.1.4(f) for low-side parts if the refrigerator is provided with a self-
contained or unitary transcritical carbon dioxide (R-744) refrigeration system.

36.1.1 In reference to 36.1(c), the high pressure side of the self-contained or unitary transcritical carbon
dioxide (R-744) refrigeration system shall be provided with a pressure relief device or pressure limiting
device set to function no higher than the high-side design pressure in accordance with 87.2.8.1.

36.1.2 When carbon dioxide (R744) is used as the refrigerant in a secondary loop, cascade, or remote
transcritical system, the refrigerator shall comply with 38.1.7, 68.1.4 exception number 5, 87.2.3, 87.2.8,

87.3.11,and 9

U.4.

36.2
be constructeq
or equivalently

36.3 Pressu
stamped in a
pressure in co

36.4 Pressy
acceptable wit

36.5 Pressu
with the Stren
evidence com

37 Pressure-Limiting Device
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installed on all

37.2 The ad
the ultimate s
percent of the

37.3 Theres

In addijion to the requirement of 36.1, parts of a refrigerator subjected to refrigerant

of corrosion resistant material such as copper or stainless steel; orplated, di
treated to resist external corrosion.

re vessels over 6 inches (152 mm) inside diameter shall_be constructed
tcordance with the ASME Boiler and Pressure Vessel Code, Section VIII,
Mpliance with the applicable performance requirementscf this standard.

hout tests.

e vessels bearing the ASME Code “UM”'symbol are to be tested to determin
gth Tests — Pressure Containing Components, Section 68. The manufacture
pliance of these vessels with ASME Boiler and Pressure Vessel Code, Section

ure-limiting device designed to automatically stop the operation of the compr

ustable cutout ‘pressure setting of a pressure-limiting device shall not excee]
rength of high-side refrigerant-containing parts provided this setting does n
setting ofithe pressure-relief device.

hallbé no stop valves between the pressure-limiting device and the compress

bressure shall
pped, coated,

, tested, and
for a working

re vessels bearing the ASME Code “U” symbol complying with 36.3 are considered

e compliance
I shall submit
VIII.

pssor shall be

refrigerators with a.system containing more than 22 pounds-mass (10 kg) of refrigerant.

d one-third of
ot exceed 90

o

38 Pressure Relief

38.1 General

38.1.1 Each refrigerator shall be constructed so that pressure due to fire, or other abnormal conditions,
will be relieved. Pressure-relief devices, fusible plugs, or soldered or brazed tubing joints may be
employed for this purpose.

38.1.2 With reference to 38.1.3 and 38.1.4, a component such as a drier, filter, filter-drier, oil separator,
or strainer is not considered to be a pressure vessel unless identified as an ASME pressure vessel. See
3.17.
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38.1.3 A refrigerator with a pressure vessel over 3 inches (76 mm) inside diameter, but not exceeding 3
cubic feet (0.08 m®) internal gross volume, which may contain liquid refrigerant shall be protected by a
pressure-relief device or fusible plug.

38.1.4 A refrigerator with a pressure vessel having an internal gross volume exceeding 3 cubic feet (0.08
m?) but less than 10 cubic feet (0.28 m®) which may contain liquid refrigerant shall be protected by a
pressure-relief device.

38.1.5 There shall be no stop valve between the pressure-relief means and the parts or section of the
system that are required to be protected.

38.1.6 All pressure-relief devices shall be connected as close as practicable, or directly, to the pressure
vessel or paits of the system protected. Pressure relief devices shall be connected @above the liquid
refrigerant leel, installed so that they are accessible for inspection and repair, and arranged so that they
cannot readily be rendered inoperative.

38.1.7 Refrigerators intended to utilize carbon dioxide (R744) in a secondaryxloop, cascade, or remote
transcritical system and that may contain a pressure vessel within the R744 loop or system shall be
provided with [the following:

a) A pressure relief valve set to open as indicated in 38.2.2, and

b) A p
setting

ressure regulating relief valve set to operate at_.ne higher than 90 percent pf the marked

of the pressure relief valve. Such a valve shall:
1) Be factory set and sealed to prevent changing the relief setting;

2) Be mounted to minimize the likelihood of removal and plugging the openin
a threaded fitting other than the NPT type);

g (e.g., use of

3) Comply with the Regulating-Relief Valve Endurance Test, Section 71; and

Exception No
are not requ
instructions p

(b).

4) Have a discharge capacity not less than 20 percent of the marked discharg
required pressure relief valve.

1: Remote refrigerators that may contain a pressure vessel within the R744
red to be provided with the pressure relief or the pressure regulating reli
rovide the\ihformation indicated in 90.4(c) and the equipment is marked accor

e capacity of a

oop or system
bf valve if the
ing to 87.3.11

Exception No

2.) Equipment intended to utilize carbon dioxide (R744) in a remote transcri

tical system is

not required to be provided with a pressure regulating relief valve.
38.2 Relief valves

38.2.1 Pressure-relief and pressure regulating-relief valves shall comply with the requirements of the
ASME Boiler and Pressure Vessel Code, Section VIII. Valves of 1/2 inch iron pipe size and larger shall
bear the authorized code “UV” symbol together with the set pressure and capacity. Valves of less than 1/2
inch iron pipe size shall be similarly marked, except that where the size does not permit a nameplate, the
code symbol may be omitted and the set pressure and capacity may be stamped on the valve or on a
metal plate attached to it. Manufacturers of valves that do not bear the code symbol shall provide evidence
of certification of the valve and its pressure and capacity rating by appropriate code authorities.

38.2.2 Pressure-relief valves shall be set to start to function at a pressure not to exceed the design
pressure of the parts of the system protected.
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38.2.3 The marked discharge capacity of a pressure regulating-relief valve shall be not less than the
minimum required discharge capacity as computed from 38.3.1.

38.3 Fusible plugs or rupture members

38.3.1 Calculation of the minimum required discharge capacity and the rated discharge capacity of a
rupture member or fusible plug shall be in accordance with the Safety Standard for Refrigeration Systems,
ASHRAE 15.

38.3.2 Fusible plugs and rupture members shall comply with the applicable requirements in the Standard
for Refrigerant-Containing Components and Accessories, Nonelectrical, UL 207.

38.3.3 Ruptyre members shall have a nominal rated rupture pressure not exceeding thed¢gsign pressure
of the parts of the system protected.

38A Thermdelectric System

38A.1 A thefmoelectric cooling appliance shall comply with requirementsvin this standgrd except for
those requirements specifically applying to vapor-compression refrigeration Systems.

38A.2 In addition to the temperature test in the cooling mode, when a thermoelectric appliance can also
be operated in a heating mode, it shall comply with the Temperature Test, Section 44, whegn operated in
the heating magde, except the ambient temperature shall be 77'£5 °F (25 £3°C).

38A.3 A theqmoelectric cooling appliance in which thethermoelectric circuit is powered by|a low voltage
Class 2 or Limited Power Source supply shall not result in a risk of fire as specified in acgordance with
83D.1.1, if no fan is provided or 83D.1.2 if provided.with fan(s).

38A.4 A themmoelectric cooling appliance_in ‘which the thermoelectric circuit is powered by other than a
low voltage Class 2 or Limited Power Source supply shall not result in a risk of fire or eldctric shock in
accordance with 83D.1.1 (if no fan is pfovided), 83D.1.2 (if provided with fan(s)), and 83D.1.3.

Exception: When the thermoelectric module complies with 83D.5, the tests of 83D.1.1, an¢ 83D.1.3 are
not required.

38A.5 In refgrence t038A.3 and 38A.4, a thermoelectric cooling appliance that uses a fan motor, other
than one that|is protected in accordance with Section 18.2, to cool the semiconductor thermoelectric
module shall rjot develop temperatures exceeding 302°F (150°C) on the fan motor winding {open type) or
on the fan mqter enclosure (enclosed type) when tested in accordance with 83D.3.1. Thi$ requirement
also applies to Tan motors supplied by a low voltage Class 2 or Limited Power Source circuit.

38A.6 In reference to the polymeric material requirements, a semiconductor thermoelectric module
powered by other than a low voltage Class 2 or Limited Power Source circuit shall be considered an
ignition source.

PERFORMANCE
39 Instrumentation
39.1 Temperature measurements

39.1.1 Temperatures are to be measured by thermocouples, except that the change-in-resistance
method may be used to measure the temperature of motor windings or of coils. See 44.4. The
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thermocouples are to consist of 24 — 30 AWG (0.21 — 0.05 mm?) wires. The thermocouples and related
instruments are to be accurate and calibrated in accordance with good laboratory practice. The
thermocouple wire shall conform to the requirements specified in the Tolerances on Initial Values of EMF
versus Temperature tables in the Standard Specification and Temperature-Electromotive Force (emf)
Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

39.1.2 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in positive
thermal contact with the surface of the material whose temperature is being measured. In most cases
thermal contact will result from securely taping or cementing the thermocouple in place, but where a metal

surface is involved, brazing, or soldering the thermocouple to the metal may be required.

39.1.2.1

Except as specified in 39.1.2.2, during any test in which temperatures are measured,

temperatures
considered tq
Readings sha
being not lesq

39.1.22 In
higher and lo
on and off du
successive pe

39.1.2.3
readings.

39.1.3 Whe
heating of elg
iron and cons
reference tem

39.1.4 Whe
resistance me

shall be monitored until maximum temperatures are attained. Thermal equiil

exist when three successive readings indicate the same or decreasing
Il be taken at the end of not less than three consecutive periods, the duration
than 5 minutes.

reference to 39.1.2.1, if temperatures on the component being monitored
ver temperatures due to the component cycling as part of the\test (for example
e to operation of a protective device), equilibrium is to beyconsidered obtain
ak temperatures indicate the same or decreasing temperatures.

n thermocouples are used in the determination of temperatures in conne
ctrical equipment, it is recommended-that thermocouples consisting of 30 AW
tantan wires and a potentiometer.type of indicating instrument are to be u
perature measurements by means of thermocouples are required.

h the temperature of a cepper motor winding or coil is to be determined by
thod the following formula’shall be used:

T

R
~(234.5+1) 2345

brium is to be
temperatures.
of each period

Cycle between
a load cycling
bd when three

In neference to 39.1.2.1 and 39.1.2.2, the recorded temperature shall be the highest of the three

ction with the
G (0.05 mm?)
sed whenever

he change-in-

 temiperature to be determined in degrees C.

in which:
T = thd
t =the

known temperature in degrees C.

R = the resistance in ohms at the temperature to be determined.

r=the

resistance in ohms at the known temperature.

39.1.5 When itis required to de-energize the winding before measuring R, the value of R at shutdown is
to be determined by taking several resistance measurements at short intervals, beginning as quickly as
possible after the instant of shutdown. A curve of the resistance values and the time is to be plotted and
extrapolated to give the value of R at shutdown.
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39.2 Pressure measurements

39.2.1 Pressure gauges are to be attached in a manner that prevents leakage. Special fittings for direct
connection to the system or minimum lengths of 1/8 inch (3.2 mm) outside diameter commercial capillary
tubing may be employed for gauge connections. The volume of the pressure-measuring gauge and lines is
to be held to a minimum. All joints in the gauge system are to be tested for leakage.

39.2.2 Opening of the gauge line valves are not to cause a significant change in the electrical input of the
system. High-side gauges and lines may be heated above the saturation temperature corresponding to the
expected pressure or may be precharged with a liquid refrigerant of the same type as used in the system
to reduce the effect of opening the gauge line valves.

39.2.3 The ipstrumentation and test procedures specified in Sections 38, 44, 47, 49,cand 50 may be
modified for the investigation of a remote refrigerator, as such a unit does not includg¢ a complete
refrigeration system.

40 Test Voltage

40.1 Unless|otherwise specified, a refrigerator is to be tested at 60 hertz voltages mainftained at the
refrigerator's gupply connections in accordance with Table 40.1.

Exception: A refrigerator rated at other than 60 hertz frequency‘is to be tested at its rated \oltage (s) and
frequency(s).

Table 401
Test yoltages

Nameplate voltage rating Normal test voltage®

110to0 120 120

200 to 208 208

220 to 240 240

254 t0 271 277

440 to480 480

550t 600 600

Other Rated

@ These tes} voltages.are nominal for the Condenser or Heat Rejection Fan Motor Failure Test, Section 49, anfl
Condenser|or Heat Rejection Water Failure Test, Section 50.

41 Leakage Current Test — Cord Connected Refrigerators

41.1 A cord-connected refrigerator shall comply with the leakage current requirements in the Standard
for Leakage Current for Appliances, UL 101 with the leakage current being no more than 0.75 MIU.

Exception No. 1: The following appliances shall have a leakage current not exceeding 3.5 MIU:
a) Refrigerators with a plug rated 30 A or higher.

b) Refrigerators with a special configuration plug, such as an ANSI type L5-15 twist-lock plug.

Exception: The instructions provided with such refrigerators shall include the statement shown in clause
90.5.
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Exception No. 2: A cord-connected refrigerator may produce a leakage current greater than 0.75 MIU
under the following conditions:

a) The refrigerator shall, upon loss of grounding, reliably disconnect the sources that cause
leakage current from the equipment to be greater than 0.75 MIU.

b) The leakage current shall not exceed 3.5 MIU with the equipment grounding conductor open and
with any loss of ground disconnect capability disabled.

41.2 For the purpose of this test, commercial refrigerators are to be considered stationary appliances.

41.3 The testis to be conducted at the ambient conditions specified in 4

41.4.

414 Thes

50 percent relative humidity for not less than 8 hours.

42 Input Te

421 The m

marked on t
Temperature

42.2 Them
of each load

when tested 3
47.

42.3 With re
obtained 1/2

measured dufing defrost or other heating operation. For a beverage cooler as described in 4
ne dispensing operation jf\this results in a higher current. The power input of all accessories
is to be consigered when establishing the minimum marked rating of the refrigerator.

is to include t

ple is to be conditioned in an ambient temperature of 21 — 27°C (70 — 80°F

t

easured ampere input to a cord connected refrigerator sshall not exceed t
he refrigerator nameplate by more than 10 percent when tested as des
hnd Pressure Test, Section 44, and the Defrost Test, Séction 47.

basured input to a permanently connected refrigerator shall not exceed the in
br group of loads or the total rating as marked-on the nameplate by more th
s described in the Temperature and Pressure Test, Section 44, and the Defros

ference to the requirements of 42.4\and 42.2, the measured ampere input is {
hour after continuous operation(under cooling conditions and is to be the m

¢ference to 42.3,(the measured ampere input is to be increased for accessi

and minimum

ne total rating

scribed in the

dividual rating
an 10 percent
t Test, Section

o be the value
aximum value
4.14, the input

ble 15 and 20

d.

 refrigerator is

marked as indicated in 87.3.2 and is provided with overcurrent protectlon as specified in the
Exception to 26.2.

42.5 With reference to 42.1 and 42.2, the measured ampere input is not to include a periodic (once or
twice an hour) short-time (less than 5 minutes) load that is greater than the load measured on any one
branch circuit. However, when such a load exceeds 125 percent of the marked nameplate rating, it shall
be included in the marked rating of the refrigerator.

42.6 The load described in 42.5 shall not exceed the rating of the attachment plug on a cord-connected
unit or the minimum circuit ampacity marked on a permanently connected unit.
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43 Starting Test

43.1 A refrigerator shall start, operate, and defrost as intended without rupturing a line fuse of the size
required by the refrigerator.

Exception: For a permanently connected refrigerator protected by a fuse sized in accordance with 66.1.4,
no starting test is required.

43.2 The refrigerator, with four fuses connected in series, is to be operated under the conditions
described in the Temperature and Pressure Test, Section 44, and when provided with a defrost system,
operated under the conditions described in the Defrost Test, Section 47. See 43.7.

43.3 For a cgrd connected refrigerator, the fuse rating is to be determined by the rating of the attachment
plug. For a pefmanently connected refrigerator protected by a fuse size in accordance-with Exception No.
1to 66.1.4, the fuse rating is to be as marked on the nameplate.

43.4 If no fuge opens, the fuse size is acceptable for starting the refrigerator. If\one fuse opgns, the test is
to be repeated using the three remaining fuses. If none of the three opensy.the results are [acceptable. If
one of the thrge opens, the results are not acceptable, and the test is to be répeated using four time-delay
fuses of the sgme rating as the original fuse.

43.5 |Ifitis dptermined that time-delay fuses are required for starting, the refrigerator shall|be marked in
accordance with 88.14 or 89.2, whichever is appropriate.

43.6 If an automatic-reset thermal protective device int€rfupts the current flow one or mor¢ times during
the test, the fefrigerator shall restart and run after &ach interruption and shall comply wjith the fusing
requirements ¢f 43.4 and 43.5.

43.7 A defrogt system that employs only eleciric heaters is not required to be so tested.

43.8 When 15 or 20 ampere general(purpose receptacles are provided and intended to beg connected to
the same circyit as the refrigerator, the starting test is to be conducted with an additional [resistive load
connected to the refrigerator. The tesistive load is to be sized as follows:

a) Thelload is to beequal to 80 percent of the rating of the receptacle when a singlg receptacle is
employed.

b) The [oad is‘to'be equal to 100 percent of the rating of the largest receptacle when more than one
receptgcletis,employed on the same circuit.

c) The load is to be equal to 100 percent of the load(s) marked on or adjacent to the receptacle(s)
the refrigerator is marked as indicated in 87.3.2 and is provided with overcurrent protection as
specified in the Exception to 26.2.

44 Temperature and Pressure Test

441 The temperature rises measured on the electric components and surfaces of a refrigerator shall not
exceed those specified in Table 44.1.
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Table 44.1
Maximum temperature rises

Device or material

°C

(°F)

A. Motors

1. Class A insulation systems on coil windings of alternating-current motors
having a frame diameter of 7 inches (178 mm) or less (not including hermetric
motor-compressors)?

a. In open motors —

Thermocouple or resistance method

b. In totally enclosed motors —

75

oYl

2. Class
having
hermeti

a.l

b. |

3. Class
having
motor-g]

a.l

b. |

4. Clasq
having
hermeti

a.l

b. |

) 1 ek tloarl
rermoctotupreor restsStancemetnoT

A insulation systems on coil windings of alternating-current motors
h frame diameter of more than 7 inches (178 mm) (not including
= motor-compressors)®

h open motors —
Thermocouple method
Resistance method

h totally enclosed motors —
Thermocouple method
Resistance method

B insulation systems on coil windings of alternating-current. motors
h frame diameter of 7 inches (178 mm) or less (not including hermetic
bmpressors)

N open motors —

Thermocouple or resistance method
h totally enclosed motors —
Thermocouple or resistance method

B insulation systems on coil windings of alternating-current motors
h frame diameter of more than 7-inches (178 mm) (not including
C motor-compressors)

h open motors —
Thermocouple method
Resistance’method

h totally enclosed motors —

Thermocouple method

2. Field

| Resistance method

(%A%

65
75

70
80

95

100

85
95

90
100

B. Components
1. Capacitors
Electrolytic type®
Other types®

wiring®

3. Fuses
a.Class CC, G, J,L,and T

Tube

Ferrule or blade

b. Other classes®

40
65
35

100
85
65

(135)

(144)

(71)

(180)

(72)
(117)
(63)

(180)
(153)
(117)

Table 44.1 Continued on Next Page
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Table 44.1 Continued

Device or material °C (°F)
4. Hermetic motor-compressor or Stirling engine enclosure’ 150 (302)
5. Relay, solenoid, and other coils (except motor coil windings) with:®
a. Class 105 insulated wiring —
Thermocouple method 65 (117)
Resistance method 85 (153)
b. Class 130 insulation —
Thermocouple method 85 (153)
Resistance-rmethed 106 (189)
6. Solid ¢ontacts 65 (117)
7. Transformer enclosures — with
a. Class 2 transformers 60 (108)
b. Ppwer Transformers 65 (117)
8. Wood|or other flammable material 65 (117)
C. Insulate¢ Conductors
1. Flexibje cords and wires with rubber, thermoplastic, or neoprene insulation
unless rg¢cognized as having special heat-resistant properties as follows:
oc (°F)
60 (140) 35 (63)
75 (167) 50 (90)
80 (176) 55 (99)
90 (194) 65 (117)
105 (221 80 (144)
D. Surfaceq:"
1. Surfages of refrigerators at points of zerd.clearance to test enclosure 65 (117)
2. Surfages of refrigerator contacted by persons in operating it (control knobs,
pushbutfons, levers, and similar surfaces)
Metal 35 (63)
Nonmetallic 60 (108)
3. Surfages of refrigerator subjected to casual contact by persons (enclosure,
grille, and similar surfaces)
Metal 45 (81)
Nonfrietallic" 65 (117)
4. Surfaces of test enclosure where clearance to flammable material is specified 65 (117)
E. Electric Insulation — General
1. Fiber used as electrical insulation or cord bushings 65 (117)
2. Phenolic composition used as electric insulation or as parts where 125 (225)
deterioration will result in a risk of electric shock or fire
3. Thermoplastic material Rise based on temperature limits
of material
@ Thermocouple applied directly to the integral insulation of the coil conductor.
® Thermocouple applied as in (a) or applied to conventional coil wrap.
¢ For an electrolytic capacitor which is physically integral with or attached to a motor, the temperature rise on insulating
material integral with the capacitor enclosure may not be more than 65°C (117°F).

Table 44.1 Continued on Next Page
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Table 44.1 Continued

Device or material °C

(°F)

for at least

fMaximum

4 A capacitor that operates at a temperature higher than a 65°C (117°F) rise may be judged on the basis of its marked
temperature rating.

¢ A temperature rise of no more than 50°C (90°F) is acceptable in the terminal box or wiring compartment of a
refrigerator that requires supply conductors with an ampacity of more than 100 amperes when the refrigerator is clearly
marked with the following statement or its equivalent: “For supply connections, use ___ AWG or larger wires acceptable

75°C (167°F).” See 9.2.8.
—not rise.

9 Includes both casing and ferrule or blade.
" See 5.3.11 and 5.3.12.

442 Them
compressor
Containing Cq

44.3 Motor-
with any prots

Exception: Ar
reset protecti

444 There
system or on
electrical conf
relay coil, ca
temperature (¢
primary meth
be measured
this test.

445 The re
90.2, and op¢

as indicated in Table 40.1.

44.6 When the wiringit0-a general purpose receptacle does not comply with the requireme
is to be'connected to the receptacle circuit during the test and the temperatuie of the wiring

resistive load
insulation me

hximum pressure developed in a refrigeration system, including equalizationf
r Stirling engine shutdown, shall be used as a basis for the Strepgth Te
mponents, Section 68.

compressors or Stirling engines shall operate continuously under the conditig
ctive device in the circuit.

automatic reset protective device may cycle during.the first 8 hours of the
re device shall not trip during the test.

frigerator is to be fitted with pressure gauges<on the high- and low-sides for
the motor enclosure when a Stirling systeris used. Thermocouples are to

bacitors, and wiring insulation, and to-surfaces as indicated in item D of Tz
f motor windings or of coils may bemeasured by the change-in-resistance m
bd of temperature measurementcs to be the thermocouple method. The elect
with a voltmeter and an ammeter. The temperature controller is to be short-g

frigerator is to be installed in accordance with the manufacturer's instructions
rated under the conditions specified in 44.7 — 44.14, as applicable. The test pqg

hsured: The resistive load is to be sized as described 43.8 (a), (b), or (c).

ressures after
st — Pressure

ns of this test

est. A manual

a compressor
be secured to

ponents, such as the compressor or Stirling motor enclosure, fan-motor winglings, starting-

ble 44.1. The
ethod, but the
rical input is to
ircuited during

see 90.1 and
tential is to be

hts of 10.1.1, a

447 The refrigerator is to be placed in an enclosure simulating conditions of intended use. The
enclosure is to consist of a bottom, back, two sides, and top constructed of 3/8 inch (9.5 mm) thick
plywood with the inside surfaces painted flat black and with all joints sealed. The enclosure is to be
brought into close contact with the refrigerator unless indicated otherwise in the manufacturer's

instructions.

44.8 For cooling operation and simultaneous cooling/heating operation, the air-cooled refrigerator is to
be placed within a room maintained at 40°C (104°F) with doors or lids open until the assembly reaches
room temperature. For heating operation only, the appliance is to be placed in a room maintained at 25°C
(77°F). See 44.12 and 44.13.

Exception No. 1: Equipment that does not incorporate a complete refrigeration system, such as a remote
refrigerator, may be tested in an ambient temperature of 25°C (77°F).
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Exception No. 2: A refrigerator or freezer for use as a Type | Display Refrigerator or Freezer may be
tested in an ambient temperature of 24°C (75°F).

Exception No. 3: A refrigerator or freezer for use as a Type Il Display Refrigerator or Freezer may be
tested in an ambient temperature of 27°C (80°F).

Exception No. 4: The need for additional testing on a Thermoelectric or Peltier device capable of
operating in heating mode shall be determined based on a room ambient maintained at 25°C (77°F).
Usually, such testing is not required for a device in a Class 2 or Limited Voltage / Current circuit.

Exception No. 5: Refrigerated buffet units and refrigerated food preparation units may be tested in an

ambient temperature of 30°C (86°F).

Exception No.
(80.6 °F).

44.9 Lights,
be energized
temperatures
The electrical
pressures are

4410 The appliance is to be operated in all normal modes of.eperation, except that insulat

type heater wi

44 11
flow is to be m
cannot attain
refrigerator is 1

44.12 For th{
40°C (104°F).

4413 For th

For the test of a refrigerator of the water-cooled, type, the condenser or heat rejection

6: A laboratory refrigerator or freezer may be tested in an ambient temperg

pther electrical loads, or both, that may operate concurrently withithe condens
during the test. The assembly is to be started and operated*with doors or lig
ind pressures have stabilized. The potential is to be maintained as indicated
input, the temperature of electrical components and surfaces, and high-
to be recorded at intervals during the test.

ing, ballasts, and defrost heaters are to be tested as indicated in Sections 45 -

aintained at 27°C (80°F) inlet and 382C (100°F) outlet temperatures. When th
a temperature of 38° C (100° F)*because of product construction consiq
0 be tested at 27°C (80°F) inlet'water and 35 psig (241 kPa) nominal pressure

b test of a wet-type beverage cooler, the tank is to be filled to the marked heigh
[The refrigerator then is to be tested in accordance with 44.9.

container fille
ingredients, t
accordance w

4414 For th
ingredient ch

b test of a batch-type beverage dispenser, the ingredient charge is to be pre
in accordance”with the manufacturer's instructions. When water is to be
e temperature of the water is to be 27°C (80°F). The refrigerator then is g
h 44.9 under “no-draw” conditions.

ture of 27 °C

ng unit are to
s closed until
in Table 40.1.
and low-side

bd resistance-
47.

cooling water
e outlet water
lerations, the

t with water at

bared and the
added to the
be tested in

test of a beverage cooler or beverage cooler-dispenser that employs make

tup water, the
'anufacturer's

instructions. The temperature of the make-up water is to be maintained at 27°C (80°F). The refrigerator
then is to be tested in accordance with 44.9 under “no-draw” conditions for the period of time
recommended by the manufacturer. At the end of this time the test is to be continued at the draw rate
recommended by the manufacturer until temperatures and pressures have stabilized.

4415 For the test of a processing water cooler, the inlet and outlet temperatures or the make-up water
shall be as specified by the manufacturer.

4416 The refrigerator shall comply with the Dielectric-Voltage Withstand Test, Section 48, following this
test.
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45 Heating Test — Condensation Wiring

45.1 This testis conducted only on cabinets supplied with insulated resistance-type heater wire or similar
condensation wiring that does not comply with 10.2.6.

45.2 The temperature measured on the insulation of the heater wire shall not exceed its temperature
limit.

45.3 The heater wire, installed in the cabinet or in the section enclosing the wire, is to be connected to a
power supply maintained as indicated in 40.1 until constant temperatures are attained, as determined by
thermocouples on the insulation. The test is to be conducted at 25°C (77°F) ambient temperature with the
refrigerator in the OFF position.

454 The cq
following this

hdensation wiring system is to comply with the Dielectric-Voltage Withstand-te
est.

st, Section 48,

46 Heating [Test — Ballasts And Wiring
46.1 Ballastp are to be tested in accordance with the 46.2 — 46.7 when they are:
a) Instplled so that thermal insulation may cause overheating;
b) Subjject to external heat; or
¢) Mounted at more than one level within a commom,compartment.
46.2 The temperature on the coil of an open-typg-ballast and on the enclosure of an englosed reactor-

type ballast o
90°C (194°F
(176°F); and

indicated in Table 44.1 under the test conditions described in 46.3 — 46.7.

46.3 The tg
exempt by the

46.4 The tq
connected or
The refrigerat
ballasts are Io

; the temperature on the enclosure of an automatic starter shall be not hig
the temperature attained onginsulated conductors and splices shall not exd

st is to be conducted only on cabinets with electric-discharge lamp system
provisions of 46/6:

st is to bewconducted with the ballasts installed in a complete cabinet W
n a simulated cabinet section with the ballasts loaded in accordance with the

cated where they are exposed to heat from components of the refrigeration sy

other control device employed in an€lectric-discharge lamp system shall be not higher than

her than 80°C
eed the limits

s that are not

ith light loads
ballasts rating.

ion system is to be shut off when the test is conducted in the complete cabinpet, unless the

stem.

46.5 The ballast and load are to be connected to a supply circuit maintained at the voltage specified on
the control equipment. The test ambient is to be 25°C (77°F). Thermocouples are to be attached to open
coils, ballast enclosures, and wiring. The test is to be continued until components reach constant
temperatures.

46.6 Except asindicated in 46.1, the heating test may be waived for ballasts on refrigerators that:
a) Employ not more than one lighting control unit;

b) Employ two 2-lamp 20 watt control units mounted side-by-side, provided that the spacing
between the sides of the control units is not less than 3/4 inch (19.1 mm);

¢) Employ four or more single-lamp 20 watt control units mounted in pairs, provided that the
spacing between the sides of the control units in each pair is not less than 2 inches (50.8 mm) and
the spacing between the ends of adjacent pairs is not less than 4 inches (102 mm); or
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d) Employ control units other than described in (b) and (c), provided that the spacing between any
two control units is not less than 1 inch (25.4 mm) when arranged end-to-end and not less than 4
inches when arranged otherwise.

46.7 The ballasts and wiring are to comply with the Dielectric-Voltage Withstand Test, Section 48,
following this test.

47 Defrost Test

471

While operating in the defrost mode, temperature rises of electrical components, wiring, enclosure

surfaces, and the like, of a refrigerator shall not exceed the values specified in Table 44.1. A hot-gas
defrost system of a self-contained refrigerator _shall not rupture or develop leaks during the test. After

defrost operatlon, the refrigerator shall have an insulation resistance of at least 50,000eh

test, the refrig
48.

Exception: De

brator shall comply with the requirements of the Dielectric Voltage-Withstand

fermination of insulation resistance following the defrost cycle mayybe omitted

ms. After the
Test, Section

when:

a) 47.4}is omitted, or
b) It is levident from visual examination of the refrigerator that moisture or water resylting from the
defrostloperation cannot contact uninuslated live parts.
47.2 The test voltage is to be as specified in Table 40.1. The.maximum high- and low-side pressures are
to be recordgd as reference values for requirements_of the Strength Tests — Pressufe Containing
Components, Bection 68.
47.3 A remaqte refrigerator is to be connected_ fo"a condensing unit of the size recommiended by the

manufacturer.

Exception: Co|

nnection to a condensing unit is not required if frost build-up is not necessary

as permitted

by the Exceptipn to 47.4(b).

47.4 The defrost test sequence is'to be as follows:
a) Thg refrigerator\is to be mounted or positioned in accordance with the manufacturer's
instructions (see‘906:1).
b) The|refrig€rator is to be operated in a room maintained at a temperature of 21 |- 27°C (70 —
80° F) dry=btlb and 50 percent relative humidity until frost has built up sufficiently to block the
evaporator—Btockage of the—evaporator is—considered—to trave occurred-wierm (1) the average

cabinet temperature starts to increase or (2) the refrigeration system low-side pressure starts to
decrease. Other equally reliable methods of detecting evaporator coil blockage may be used.
Adjustments may be made to the refrigerator to reduce the length of the frost build-up period. The
following are examples of two methods which may be used although other methods may serve the
same purpose: (1) a door(s) that provides access to the refrigerated compartment may be opened
or (2) the evaporator fan motor(s) may be disconnected from the electrical supply.

Exception: When agreeable to all concerned, (b) may be omitted when there are no uninsulated
live parts located beneath (1) any portion of the evaporator including tubing, hairpin turns, return
bends, fins, end plates and inlet and outlet tubes, (2) refrigerant suction lines, and (3) an expansion
valve.

c) Following (b), the refrigerator is to be returned to its intended defrost mode; that is, any open
doors are to be closed, electrical components that normally operate during the defrost cycle are
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placed back in the circuit, and the like. The defrost cycle is to be initiated and allowed to continue
until the cycle is terminated by its automatic control. In addition to electrical input, temperatures and
pressures are to be recorded as specified in 47.1 and 47.2.

Exception: If (b) is omitted, temperature rises are to be determined in the following manner for
temperature-terminated defrost systems. The cut-in/cut-out temperature differential of the defrost
cycle control is to be determined. The control is then shunted out of the circuit and a thermocouple
placed at the location where the control senses the temperature. The defrost heaters are energized
and allowed to operate until the temperature rise at the control sensing location is equal to the
temperature differential previously determined. The temperatures recorded at the time the
differential is reached are to be reduced by 23°C (42°F) and the resulting values are to be used to

determine compliance with 47.1.

d) Foll

47.5 Withre
the maximum
with a time-te
length of the
control. Temp
requirements

Exception: Fo

a) Wh
refrige
specift

b) Wh
in 88.4
electri

48 Dielectric-Voltage Withstand Test

48.1 A com
potential appl
of high- and
frequency bet

Exception No|

bwing (c), the insulation resistance of the refrigerator is to be determined.

ference to 47.4(c), if the defrost cycle is time-terminated, the refrigeratonis to
adjustable length of time permitted by an integral control arrangement. Whe
rminated defrost cycle control arrangement is marked to specify almaximum d
Hefrost cycle is to be as marked but not less than the minimumincrement pe
eratures recorded after the elapsed time are to be used incdetermining comp
of 47.1.

r a remote refrigerator:

en the time-terminated defrost cycle control“is“not an integral part of the re
rator is to be operated in the defrost mode“for a period equal to 125 perce
ed on the refrigerator (see 88.28) but not less than 15 minutes.

bn the defrost cycle control is not an\integral part of the refrigerator and the ma
18 is not provided, the defrost test'is terminated when stabilized temperatures &
Cal components, wiring and enclosure surfaces.

plete refrigerator(and all electrical components shall withstand, without breg
ed for 1 minute.between high-voltage live parts and dead metal parts and bety
ow-voltage«circuits. The test potential is to be 1000 volts plus twice rated
ween 40.and 70 hertz.

1:\The test potential for motors rated at not more than 1/2 horsepower (373

e operated for
a refrigerator
frost time, the
rmitted by the
iance with the

bfrigerator, the
nt of the time

rking specified
re reached on

kdown, a test
veen live parts
boltage at any

W output) is to

be 1000 volts

Exception No. 2: When the steady-state voltage developed in a motor circuit through the use of capacitors
exceeds 500 volts, as measured during the temperature and pressure test, the test potential for the parts
affected is to be 1000 volts plus twice the developed capacitor voltage.

48.2 A refrigerator employing a low-voltage circuit shall withstand, without breakdown, a test potential
applied for 1 minute between low-voltage live parts and dead metal parts. The test potential is to be 500
volts at any frequency between 40 and 70 hertz. When components specified in 31.3 are employed in the
low-voltage circuit, the dielectric voltage withstand test is also to be conducted between live parts of
opposite polarity.

48.3 With reference to 48.2, the test between low-voltage parts of opposite polarity is to be conducted on
magnet coil windings after breaking the inner coil lead where it enters the layer. This opposite polarity test
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may be waived on the complete assembly provided that the components have been separately subjected
to this test.

48.4 A 500 volt-ampere or larger transformer, the output voltage of which is essentially sinusoidal and
can be varied, is to be used to determine compliance with 48.1 — 48.3. The applied potential is to be
increased gradually from zero until the required test value is reached and is to be held at that value for 1
minute.

Exception: The requirement of a 500 volt-ampere or larger transformer can be waived when the high
potential testing equipment maintains the specified high potential voltage at the equipment during the

duration of the

test.

48.5 When the charging current through a capacitor or capacitor-type filter connected acrd
from line to egrth ground, is large enough so the required alternating-current test potential s
maintained, the capacitors and capacitor-type filters may be tested as described in 48.6;

48.6 The capacitors and capacitor-type filter mentioned in 48.5 are to be subjected to a

test potential
circuit voltage
maintained for

48.7 Compo
resistors for
disconnected

49 Condenser or Heat Rejection Fan Motor Failure Test

491 A refri
temperatures

a) Theg
require
employ
side pr

b) The
of the
conder
Overlo

f 1414 volts for equipment rated 250 volts or less or 1414 velts plus 2.828 ti
for equipment rated at more than 250 volts. The direct-current test pote
1 minute without breakdown.

hents providing a d.c. path in parallel with the insulation to be tested, such
ilter capacitors and voltage limiting devices J(transient voltage suppress
juring the test.

perator with a compressor system shall not leak refrigerant nor develop
n excess of those indicated in (a)-and (b), if the condenser fan motor locks or f

maximum high- and |ew:Side pressures are to be recorded as referen
ments of the Strength Tests — Pressure Containing Components, Section 68.
ing a pressure-limiting device complying with 37.2 is considered to comply
pssure requirement)

maximum temperature of the compressor enclosure or the fan motor winding
fan motor. enclosure (enclosed type) shall not exceed 150° C (302°F). Com
ser fan.motors equipped with thermal protective devices as specified in Mot
hd Protection, Section 17, are considered to comply with this requirement.

ss the line, or
unable to be

direct-current
mes the rated
ntial is to be

as discharge
Drs), may be

pressures or
hils to start.

ce values for
An assembly
with the high-

open type) or
pressors and
brs and Motor

49.1.1

With regards to 49.1(b), the maximum temperature of an impedance protected motor winding

shall be allowed to be greater than 150° C if the maximum temperature of the motor winding does not

exceed:

a) 175° C for a motor with a Class B insulation system;

b) 200° C for a motor with a Class F insulation system; or

c) 225°

C for a motor with a Class H insulation system.

49.1.2 A refrigerator with a Stirling system shall not develop pressure or temperature in excess of those
indicated in (a) or (b), if the cooling fan motor locks or fails to start.

a) The maximum pressure is to be recorded as a reference value for requirements of the Strength

Tests —

Pressure Containing Components, Section 68.
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b) The maximum temperature of the Stirling engine enclosure or the fan motor winding (open type)
or the fan motor enclosure (enclosed type) shall not exceed 150°C (302°F). Stirling engines and
cooling fan motors equipped with thermal protective devices as specified in Motors and Motor
Overload Protection, Section 17, are considered to comply with this requirement.

49.2 In the case of a compressor system, a sample of the assembly is to be fitted with pressure gauges
on the high- and low-pressure sides of the refrigeration system and provided with thermocouples on the
compressor enclosure and condenser fan motor winding (open type) or condenser fan motor enclosure
(enclosed type). The sample is to be installed in accordance with 44.7. The low-side pressure is to be
recorded both while the compressor is operating and after shutdown. When the refrigerator is provided
with means to relieve discharge pressure into the low side of the system, the low-side pressure is to be
recorded:

a) While the compressor is operating, this relief means is open and the low-side pressure is
increaging, and

b) Aftgr shutdown of the compressor.

49.2.1 In the¢ case of a Stirling system, a sample of the assembly is to befitted with a pregsure gauge to
measure the gharge pressure and provided with thermocouples on the engine heat rejection side and fan
motor winding (open type) or fan motor enclosure (enclosed type).*The sample is to e installed in
accordance with 44.7. The pressure is to be recorded both while the'engine is running and after shutdown.

49.3 The ambient air temperature is to be 25 +5°C (77 +9.°F). The test potential is to be |maintained as
indicated in Table 40.1. When two or more condenser or ‘heat rejection fan motors arel employed for
removing heaf, the test is to be conducted with one motoriocked.

49.4 The controls are to be set for maximum:céoling and the refrigerator is to be operated with the
condenser or|heat rejection fan motor locked until'stabilized temperatures and pressures arg reached. The
compressor gr Stirling refrigeration system metor overload device the fan motor overload device, or both,
may operate dluring this test.

50 Condensger or Heat Rejection Water Failure Test

50.1 During| failure of the cooling water supply, a water-cooled refrigerator with a compfessor system
shall not leak [refrigerant nor.develop pressures or temperatures in excess of those indicateq in (a) and (b),
nor shall elecfrical parts’be damaged.

a) Th¢ maximum high- and low-side pressures are to be recorded as refererice values for
requirefments of the Strength Tests — Pressure Containing Components, Section 68.

b) The maximum temperature of the compressor enclosure shall not exceed 150°C (302°F). When
the compressor is equipped with a thermal protective device(s) as specified in Motors and Motor
Overload Protection, Section 17, this temperature measurement may be waived.

50.1.1 During the failure of the cooling water supply, a water-cooled refrigerator with a Stirling system
shall not develop pressure or temperature in excess of those indicated in (a) or (b), nor shall electrical
parts be damaged.

a) The maximum pressure is to be recorded as a reference value for requirements of the Strength
Tests — Pressure Containing Components, Section 68.

b) The maximum temperature of the Stirling engine enclosure shall not exceed 150°C (302°F).
When the Stirling engine is equipped with thermal protective device(s) as specified in Motors and
Motor Overload Protection, Section 17, this temperature measurement may be waived.
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50.2 In the case of a compressor system, a sample of the assembly is to be fitted with pressure gauges
on the high- and low-pressure sides of the refrigeration system and provided with thermocouples on the
compressor enclosure. The low-side pressure is to be recorded as specified in 49.2. The refrigerator is to
be operated with the condensing water shut off and also with the condensing water restricted until
maximum stabilized temperatures are attained or until representative maximum temperatures are attained
under cycling load. If the refrigerator cycles on a motor-overload protective device, the test is to continue
until the maximum pressure is obtained. The room ambient is to be 25°C (77°F). The potential is to be

maintained as

50.2.1

indicated in Table 40.1.

In the case of a Stirling system, a sample of the assembly is to be fitted with a pressure gauge to

measure the charge pressure and thermocouples on the engine heat rejection side. The pressure is to be
recorded as specified in 49.2.1. The refrigerator is to be operated with the cooling water shut off and also

with the coolin|
maximum tem
protective dev|
be 25°C (77°F

50.3 When
compliance wi
adjusted by th
68.1.1.

51

51.1 This teg
defrost period

512 An ele
burning particl

51.3 The te
Heaters, Secti
47, and the ev

51.4 Whenn
fan motor that

peratures are attained under cycling load. If the refrigerator cycles onja n
ce, the test is to continue until the maximum pressure is obtained. The\room
. The potential is to be maintained as indicated in Table 40.1.

a pressure-limiting device is provided, the test need not.be conducted
th 50.1. The maximum cutout pressure to which the pressure-limiting device n
e adjusting means provided shall be employed in determining compliance v

Evaporafor Fan Motor Failure Test

t is to be conducted only when the evaporater fan motor(s) is intended to oper

ctric defrost heater shall not ignite\flammable material or cause the emissi
bs, or molten metal if the evaporator fan motor locks or fails to start.

5t arrangement is to be-as-described in the Abnormal Operation Test — El
bn 59, except that the defrost shutoff control is to be operable as in the Defros
aporator fan motor is\to be locked. The potential is to be maintained as indicate

nore than one evaporator fan motor is employed, the test is to be conducted b
would resultin‘'the most severe condition.

g water restricted until maximum stabilized femperatures are attained or unti iiepresentative

otor-overload
ambient is to

to determine
hay be readily
ith 50.1. See

ate during the

on of flames,

ectric Defrost
Test, Section
din 40.1.

y blocking the

51.5 The tes} is toscontinue until the defrost control opens the circuit.
52 OverflowTest
52.1 With reference to 5.4.7, if condensate water may accumulate or overflow due to blocked waste

outlet, the water shall not wet live parts or the windings of motors or coils.

52.2 The refrigerator is to be positioned as intended in operation and the evaporator condensate drain
pan is to be filled until overflowing occurs.

52.3 Compliance with 52.1 can be determined by visual examination, dielectric-voltage withstand, or
insulation resistance, except that motor windings shall have an insulation resistance of not less than
50,000 ohms and shall comply with the Dielectric-Voltage Withstand Test, Section 48.
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53 Rain Test

53.1 A refrigerator exposed to weather is to be subjected to a rain exposure without creating a risk of
electric shock due to current leakage or insulation breakdown. Following the rain test exposure, the
refrigerator shall have an insulation resistance of not less than 50,000 ohms measured between current-
carrying parts and noncurrent-carrying parts, and shall withstand the Dielectric-Voltage Withstand Test,
Section 48.

53.2 The refrigerator is to be installed in accordance with the manufacturer's instructions and subjected
to the rain exposure under conditions most likely to cause entrance of water into or onto the electrical
components. The duration of exposure is to be 1 hour.

53.3 The ra|n test apparatus is to consist of three spray heads mounted in a water supply pipe rack as
shown in Figdre 53.1. Spray heads are to be constructed in accordance with the details.shown in Figure
53.2. The water pressure for all tests is to be maintained at 5 psig (34 kPa) at each spray head. The
distance betWeen the center nozzle and the refrigerator is to be approximately 5 feet| (1.5 m). The
refrigerator is|to be brought into the focal area of the three spray heads in such\a‘position ahd under such
conditions that the greatest quantity of water will enter it. The spray is to be directed at an angle of 45
degrees to the vertical toward the louvers or other openings closest\o current-carrying parts. The
refrigerator is|to be operated so that electrical components are energized,
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Figure 53.1
Rain-test spray-head piping
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53.4 At the conclusion of the test there shall be no evidence of the entrance of water into enclosures
above the lowest uninsulated electrical part or wetting of uninsulated electrical parts, except as follows:

a) Motor windings may be judged on the basis of the insulation resistance (see 53.1) and by the
Dielectric-Voltage Withstand Test, Section 48, when the motors are within the outer enclosure and
are shielded from openings in the top of the outer enclosure.

b) Water may enter an enclosure above the lowest uninsulated electrical part when the point of
entrance is not in proximity to uninsulated electrical parts and uninsulated electrical parts are not
wetted during the rain exposure.
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Figure 53.2
Rain-test spray head

ASSEMBLY @

BODY

rF 282 o te 3. _i e £ el .112""'-{:,59 RIRE
! | |/ THREAD ¢
L

D
/’W ~

(M,Ex.) - A -

H (DRILL THRU)

o N (MAX.)
* CS%%E%TDS)INK h 3 HOLES - T (DRILL “THRU)
\: SPACE 120

R (DRILL TO DEPTH
/—REQUIRED FOR THROAT)

|H—o—i—”

Je=—V (HEX. OR ROUND
BAR STOCK)

T
T

U (DRILL THRU)

K
J
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RT100G
item inch (mm) item inch (mm
A 1-7/32 (31.0) N 1/32 (0.80
B 7116 (11.0) P 575 (14.61)
C 9/16 (14.0) 576 (14.53)
D 578 (14.68) Q 453 (11.51)
586 473y 454 +4-53)
E 1/64 (0.40) R 1/4 (6.35)
F c c S 1/32 (0.80)
G .06 (1.52) T (No. 35)° (2.80)
H (No. 9)° (5.0) U (No. 40)° (2.50)
J 23/32 (18.3) \ 5/8 (16.0)
K 5/32 (3.97) W 0.06 (1.52)
L 1/4 (6.35)
M 3/32 (2.38)
@ Nylon Rain-Test Spray Heads are available from Underwriters Laboratories.
® ASME B94.11, Twist Drills.
¢ Optional — To serve as a wrench grip.
4 ASME B1.20.1, Pipe Threads, General Purpose (Inch).
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54 Stability Test

54.1 A refrigerator shall be stable when tested in accordance with 54.2 — 54.5. A refrigerator having a
supporting base such that both the width and depth dimensions are greater than the height is considered
to comply with the requirement.

54.2 A refrigerator is to be supported by the legs, leveling screws, or casters provided in its base. Other
means of support, such as plumbing connections or conduit connections are not to be relied on during the
test, except that a door support that complies with the requirements of 54.3 may be used for the test

described in (b). The refrigerator shall not overturn under the conditions specified in (a) and (b):

a) An empty refrigerator, with service doors, covers, and panels closed, is to be placed on a plane

surfa

CF INclined at an angle of 10 degrees with the horizontal. Accessories intende

the refrigerator are to be installed. Swivel-type casters, when provided, are to be“o

the ter

b) An

a horiz
the re
orients

dency to overturn is maximum, or

pounds (97 kg) in weight, or both, a force equal to one-fourth the*weight of t
but not exceeding 50 pounds (223 N), is to be applied horizontally at the ver|
of any side of the refrigerator at the highest points, not to‘exceed 5 feet (1.5
level, with all doors closed.

2) For refrigerators exceeding 4 feet (1.2 m) in cabinet length and weighing
pounds, the force is to be 50 pounds plus an additional 1 pound-force (4.4 N
(25.4 mm) of cabinet length greater than 4 feet

bmpty refrigerator weighing 50 pounds or‘more with accessories installed, is t
ontal surface. When leveling screws-are provided, they are to be adjusted €
rigerator 1 inch above floor level. When swivel type casters are provided,
d so that the tendency to overturnyis maximum.

to the product storage jcompartment, a force equal to one-fourth the
refrigerator, but not.exceeding 50 pounds (223 N), is to be applied vertically
the center of the outermost edge of the drawer or door with the drawer or doo
maximum.

2) For other:hinged doors, a force equal to one-fourth the weight of the refrig
exceeding 35 pounds (156 N), is to be applied vertically downward at the ed
farthest from the hinges with the door opened at an angle of 90 degrees to tH
refrigerators with three or more doors, every other door is to be opened and

d for use with
Fiented so that

1) For refrigerators not exceeding 4 feet (1.2 m) in cabinet length, ‘or not g¢xceeding 200

he refrigerator,
lical centerline
m) above floor

more than 200
for each inch

b be placed on
qually to raise
hey are to be

1) For a drawer or horizontally-hinged door that swings downward and that provides access

weight of the
downward at
r opened to its

erator, but not
ge of the door
e cabinet. For
the force is to

he npplind to the one door that would result in the maximum ’rnndnnny of thel

refrigerator to

overturn. When it is provided with tiers of doors, only every other door in one tier is to be

opened.

54.3 When required for compliance of 54.2(b), a leg, brace, or similar support provided in the refrigerator
door shall be fixed in position or shall operate automatically to position itself when the door is opened, and
shall be constructed so that its intended function cannot be readily defeated. See 87.3.8.

54.4 The manufacturer's instructions are to be used to install the refrigerator for tests to determine
compliance with 54.3. All adjustments of door support means are to be made in accordance with the
directions included with the refrigerator. After the initial installation procedure is completed, no further
adjustments are to be made.

54.5 When the manufacturer provides hardware for securement of the unit, the unit is to be installed in
accordance with the manufacturer's instructions and tested with the hardware in place.
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55 Static Load Test

55.1

A refrigerator intended to be suspended from a wall or ceiling shall withstand the test described in

55.2 without collapse of the mounting means and severance of its securement to the mounting means.

55.2

The refrigerator is to be installed using its mounting hardware in accordance with the

manufacturer's instructions. A load equal to the sum of the following, acting vertically downward, is to be
applied uniformly to the refrigerator:

a) A load equal to three times the weight of the refrigerator, but not exceeding 400 pounds-mass

(181.6

kg), plus

b) A logdrequattothre-weight-ofatt-shetvessimuitaneoustytoadedimaccordancewithy 2. 3.

56 Strain Relief Test

56.1 The str
accessory, an
pounds (156 |
that stress wo

bin relief means provided on a power supply cord, including that\for an exter
H wiring exposed to the refrigerator user or attendant, shall.withstand a dir
\) applied to the cord or wiring without such movement of the) cord or wiring
ild be transmitted to internal connections and wiring.

56.2 The sfrain relief means provided on leads intended for/connection of field-ing

conductors an
20 pounds (89
stress would b

56.3 A35o0r
the refrigerato
refrigerator. TH

57 HeaterC
57.1

57.1.1
breaks the loa

a) For
operati

d power supply conductors of internally-mounted\accessories shall withstand
N) applied to the conductors without such movement of the cord or wiring as t
e transmitted to internal connections and wiring.

20 pound (15.9 or 9.1 kg) weight is to-be suspended on the cord or wiring and
- so that the strain relief will be stressed from any angle permitted by the cons|
e load is to be applied for 1 minute.

bntrol Tests

Endurance test

A control for an electric heater shall withstand an endurance test when the contr|

d that it contrels for the number of cycles indicated in (a) — (c):

an automatic-reset cycle control that operates during each defrost cycle, 30
pn.under load. When the control also serves to limit temperatures, see (b).

nally-mounted
ect pull of 35
as to indicate

talled supply
b direct pull of
D indicate that

supported by
truction of the

bl makes and

000 cycles of

b) For an automatic-reset temperature-limiting control, 700,000 cycles of operation under load if
short-circuiting results in a risk of fire or electric shock, see 58.2 and 58.3. The test need not be
conducted when short-circuiting of the control does not result in a risk of fire or electric shock. See
Abnormal Operation Test — Electric Heater, Section 58.

c) For a manual-reset temperature-limiting control, 1000 cycles of operation under load plus an
additional 5000 cycles under no load. The test need not be conducted if short-circuiting of the
control does not result in a risk of fire or electric shock. See Abnormal Operation Test — Electric

Heater,

Section 58.

57.1.2 The test is to be conducted with the device connected either to the heater element load or to an
equivalent noninductive load. The frame of the device is to be connected through a 3-ampere fuse to
ground or to the grounded conductor of the supply circuit.
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57.2 Calibration test

57.2.1 Defrost cycle controls (57.1.1 (a)) and temperature-limiting controls (57.1.1 (b) and (c)) shall
comply with the Standard for Temperature-Indicating and -Regulating Equipment, UL 873, or the Standard
for Limit Controls, UL 353 pertaining to the calibration of temperature-limiting controls.

Exception: A type-2 action temperature or thermal cut-out, as specified in the Standard for Automatic
Electrical Controls — Part 1; General Requirements, UL 60730-1 and the Standard for Automatic Electrical
Controls for Household and Similar Use; Part 2: Particular Requirements for Temperature Sensing

Controls, UL 60730-2-9, is considered to comply with the requirements of UL 873. See 57.1.1.

58 Condensate Water Evaporator Test

58.1 A cong
dust shall not

58.2 In this
operated con
rating of 100
compliance W
circuit. The tq
evaporator ag
When a mant
circuit.

58.3 The a3
test.
59 Abnorm
59.1
59.2 A risk

refrigerator, o

59.3 Arrisk
than 50,000 o

pl Operation Test — Electric Heater

Operatjon of a heater shall not result in a risk of fire or electric shock.

ensate water evaporator assembly installed in a location subject to accumul
exceed a temperature of 150°C (302°F) when tested as described in 58)2.

fest, the water evaporator assembly is to be operated with the water receptag
rol is to be shunted out of the circuit. A protective device that'does not have

ation of dirt or

le dry. A float-
an endurance

,000 cycles for an automatic-reset device or 6000 cycles-for a manual-r¢set device in

ith the requirements of the Heater Control Tests, see 572.1.1, is to be shun
st is to terminate when the temperatures of components and materials, suc
sembly, conductor insulation, electrical insulation,/and thermal insulation h
al-reset control is used, temperatures are to be measured at the time the cor

sembly shall comply with the Dielectric-Voltage Withstand Test, Section 48

of fire is considered to exist when there is emission of flame or molten n
[ glowing or flaming’of flammable material.

Df electrie’shock is considered to exist if the insulation resistance of the refri
hms.

ted out of the
n as the water
ave stabilized.
trol opens the

following this

hetal from the

gerator is less

59.4 Openir

g.of a sheath-type heater element is acceptable when it does not result in the

risk of fire and

electric shock. Tf the heater element opens, three samples are 1o be tested to determine that the heater is
designed to function in this manner.

59.5 The ambient air temperature is to be 25°C (77°F). The heater is to be energized at the voltage
specified in Table 40.1. A liquid heater shall be operated dry. An air heater shall be operated with the fan
motor blocked.

59.6 When an automatic-reset temperature-limiting control (See Section 57) is employed, the control is
to be allowed to cycle until representative maximum temperatures of components and materials, such as
conductor insulation, electrical insulation, thermal insulation, and flammable materials near the heater
element are attained. When a manual-reset temperature-limiting control is employed, the test is to
terminate when the device opens the heater circuit. All other controls are to be shunted out of the circuit.
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Exception: This test is not required when the temperature-limiting control is calibrated to open the circuit at
a temperature of 25°C (77°F) or less.

59.7 When a replaceable thermal cutoff is employed, the test is to be conducted five times using a
different sample of the thermal cutoff for each test. The thermal cutoff shall open the circuit as intended
without causing the short-circuiting of live parts and without causing live parts to become grounded to the
enclosure. During the test the enclosure is to be connected to ground through a 3-ampere fuse, and any
thermally operated control devices in the heater circuit, other than the thermal cutoff, are to be shunted out
of the circuit. The 3-ampere fuse shall not open during the test.

60 Burnout Tests — Electromagnetic Components

60.1 An ele(ftromagnet operator (solenoid) shall be subjected to a burnout test to determine if the

refrigerator presents a risk of fire or electric shock.

Exception No
controller, or
requirements

Exception No.
in low-voltage

60.2 A risk
refrigerator or
when a risk of

60.3 A risk ¢
less than 50,0

60.4 The te§
refrigerator is

1: This requirement does not apply to an electrically operated'valve, m
q similar component incorporating an electromagnet and complying with 1
or the component.

2: The determination of a risk of electric shock may be walved for electromag
circuits.

pf fire is considered to exist if there is any emission of flame or molten mn
a glowing or flaming of flammable material. Opening of the supply circuit fuse
fire does not exist.

f electric shock is considered to exist when the insulation resistance of the
DO ohms.

ts are to be conducted with;the component installed as intended in the re
to be connected to a supply circuit maintained as indicated in 40.1. Eac

conductor in t
cord connect

plug, except that 20 amperes-is.to be the minimum fuse size for refrigerators rated 150 volt
test is to be conducted withi¢he-component:

a) Continuously-energized until the ultimate result is determined if this condition cou
malfungtion.of\a-single switch or controller, and

b) Blogked’in the position assumed when it is de-energized and then energized con

e supply circuit is to be provided with a fuse of the maximum rating that may
refrigerators, thessupply circuit fuses are to correspond with the rating of th

!

hgnetic motor
he applicable

net operators

etal from the
is acceptable

refrigerator is

igerator. The
ungrounded
be used. For
e attachment
5 or less. The

d exist due to

tinuously until

the ultimate result is determined.

61

61.1

Burnout Test — High-Voltage Transformers

There shall be no emission of flame or molten metal from the refrigerator enclosure when a high-

voltage transformer is operated under the conditions described in 61.2 and 61.3.

Exception: This test does not apply to a high-voltage transformer that is provided with thermal overload
protection of other than the nonrenewable thermal cutoff type (see 28.2.1) or that is protected by an
overcurrent device(s) in accordance with the requirements in 28.3.1.

61.2 Three samples of the transformer are to be operated continuously at the normal test voltage
indicated in Table 40.1 and rated frequency with the enclosure grounded. The test ambient temperature is
to be 25° C (77° F) and operation is to be continued until constant temperature is indicated by a
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thermocouple on the enclosure or until burnout occurs. The circuit on which the transformer is tested is to
be protected by fuses rated not less than that required for the refrigerator.

61.3 The load connected to the output terminals is to be the highest of the values specified in (a) — (c)
and is to be readjusted to the specified value after 2 minutes of operation, when required, with no further

readjustment during the test.

a) A resistance load to provide a current equal to three times the full rated transformer secondary
current; or

b) When the transformer supplies a motor with or without additional loads, a resistance load to
provide a current equal to the motor locked-rotor current plus any additional loads; or

c) When the transformer supplies an inductive load (other than a motor), such as the

solend

the arnature of the largest blocked open.

Exception: TH
three times ra

62 Overloa

62.1 This td
nonrenewabld

62.2 Tempe
windings, sha
62.3 and 624
105°C for Clg
comply with th

62.3 A varig
continuously
switching dev
the circuit. Th
the transform
The load is th

62.4 Three
the three sam

ids, and the like, a resistance load to provide a current equal to the sum.of s

e test may be conducted with the output terminals short-circuitedif this resu
ted secondary current.

l Test — High-Voltage Transformers

st applies to a high-voltage transformer provided with thermal protection of
thermal cutoff type. See 28.2.1.

ratures of a thermally protected high-voltage transformer, measured on the
[l not exceed the insulation temperature-rating when the transformer is tested

ss 105 insulation, 130°C for Class 130 insulation, and similar ratings. The trg
e Dielectric Voltage-Withstand Test, Section 48, following the test specified in |

ble resistance load is to be connected to the output terminals and the transfo
at the normal test voltage indicated in Table 40.1. When the protective dey
ce that, in turn, interrupts primary current to the transformer, the switching de
b test ambient temperature is to be 25°C (77°F). The resistance load is to be a
br winding istbrought to a stabilized temperature of 10°C (18°F) below its ins
bn to be gradually increased until operation of the protector occurs.

samples of the transformer-protector combination are to be tested. Average te

coils of relays,
uch loads with

ts in less than

other than the

surface of the
as indicated in

. Insulation temperature rating is defined as the rating for the class of insulation; such as,

nsformer shall
52.3 and 62.4.

rmer operated
ice controls a
vice is to be in
Hjusted so that
sulation rating.

mperatures of

ples*shall not exceed the winding insulation rating and the temperature of afy one sample

shall not exce

ed themsutationm rating by more thanm 5°C(9°F):

63 Overvoltage And Undervoltage Tests

63.1

An electromagnet, such as employed on a relay or solenoid in a low-voltage circuit, shall withstand

10 percent above rated voltage without damage and shall operate at that voltage and also at 15 percent
below rated voltage. When the component is supplied by the secondary winding of a low-voltage
transformer provided as part of the unit, the voltage adjustments are to be made in the primary of the
transformer based on the Normal Test Voltages specified in Table 40.1.

Exception: When failure of a low-voltage component to operate at 15 percent below rated voltage does not
result in a risk of fire, electric shock, or injury to persons, the undervoltage test may be waived.
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63.2 When a relay or other control is used in combination with a motor controller to prevent automatic
recycling of the motor due to the operation of a protective device, the components involved shall comply
with the requirements of 63.1 under any condition that might result from operation of the protective device
and de-energization of the circuit.

63.3 Relays and solenoids are to be connected to a supply source maintained at the overvoltage
condition until the coils of the relays and solenoids attain constant temperature. The potential then is to be
reduced to the rated voltage and each relay and solenoid shall operate as intended at this voltage. A relay
or solenoid that will not be subject to continuous operation is to be energized at the overvoltage condition
at the rated voltage for the maximum time permitted by its duty cycle or until constant temperature is
attained, whichever occurs first.

64 Current (

64.1 Whenr
a current equ
indicated in Ta

verload Test

bquired by 13.7 or 13.11, bonding conductors and connections shall not open,
al to twice the rating of the branch circuit overcurrent-protective "device fg
ble 64.1.

when carrying
r the interval

utes

Table 64.1
Current overload test
Rating qf overcurrent protection device, amperes Minimum duration of current flow, min

30 orless 2

31-60 4

61-100 6

101 —200 8
65 Insulatioh Resistance Test
65.1 Heaters
65.1.1 The ipsulation resistance-of encapsulated heaters and sheath-type heaters that a
moisture in a |refrigerator shall\be not less than 50,000 ohms when tested as described
65.1.3 and the heater shall ‘eomply with the Dielectric Voltage-Withstand Test, Section
exposure.
65.1.2 Whern an encapsulated heater or heater terminal seal is intended to be immersed in

used in the rg

frigerator, the test is to be conducted by cycling two samples of the heate

aintain £ QA4 100°C (41Q4

'e exposed to
in 65.1.2 and
48, following

water as it is
for 30 days,

wwatar Th wwmatar o % b - d ot o taprarnarat e
WdAlCl. TT1C Wattt 1o U VT TThannaimicu gt a tCiiipoiraturc vl J=

212°F). The

submerged in

LASAS AN =l W I

heater is to be energized at its rated voltage and cycled at a rate of 1-1/2 minutes on and 13-1/2 minutes
off.

65.1.3 When an encapsulated heater or heater terminal seal is exposed to moisture but is not subject to
more than occasional contact with water in the refrigerator, the test is to be conducted by cycling two
samples of the heater assembly or terminal seal in an atmosphere of not less than 98 percent relative
humidity at any convenient temperature above 0°C (32°F). The heater is to be energized at its rated
voltage and operated for 1000 cycles at a rate of 1-1/2 minutes on 13-1/2 minutes off.

65.2 Thermal and acoustical insulating material

65.2.1 A refrigerator employing insulating material subject to the deteriorating conditions of moisture
shall have an insulation resistance of not less than 50,000 ohms between live parts and interconnected
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dead metal parts after exposure for 24 hours to air having a relative humidity of 85 +5 percent at a
temperature of 32 £2°C (90 £4°F).

66 Limited Short-Circuit Test
66.1

General

66.1.1 The components specified in (a) — (c) shall comply with the requirements of 66.2.1 — 66.4.1, as
applicable, following short circuiting while protected by a branch-circuit overcurrent device of the size
required by the refrigerator:

a) Motor overload protective devices connected in the motor circuit.

b) Mot

c) Bon

66.1.2 For g
fuse having a

Exception: TH
less.

66.1.3 For
provided by e

pr circuit conductors and connections as required by 10.2.9.

ding conductors and connections as required by 13.7 and 13.11.

cord-connected unit, the branch-circuit protection specified in 66.1.1 is to be
rating not less than the rating of the attachment plug.

e minimum fuse size for a cord-connected refrigeratords to be 20 amperes rat

a permanently-connected unit, the branch-circuit protection specified in 6|
ther:

a) A device that is recognized for branch-circuit\protection and located in the unit, or

b)Ab
namey

66.1.4 A p¢
supply line sh
indicated in 8;

Exception Nag.

amperes, pro
rating. See Sf

Exception No

late.

rmanently-connected refrigerator having more than one motor wired for con
all withstand short-circuiting while protected by a branch-circuit overcurrent d
B.11.

1: The branch-circuit overcurrent device may have a lower rating, but ng
vided thatthe refrigerator will start and operate without opening a fuse ha
arting Test, Section 43.

provided by a

bd 125 volts or

5.1.1 is to be

Fanch-circuit protective device of the type and maximum rating specified on the refrigerator

hection to one
evice rated as

t less than 15
ing this lower

2:\When the unit incorporates a branch-circuit overcurrent device as describg

d in 66.1.3(a),

the testis to b

T eoraucted witt thrat device:

66.1.5 With regard to branch-circuit overcurrent protective devices and for the purpose of these tests,
fuses of the same rating are considered to be interchangeable. Fuses and circuit breakers are not
considered to be interchangeable. Circuit breakers are not considered to be interchangeable with each
other.

66.1.6 The component is to be connected in a test circuit having a capacity based on the full-load current
and voltage rating of the refrigerator. See Table 66.1. When the full-load current falls between two values
in the table, the larger value is to be used in determining the circuit capacity. If the refrigerator nameplate
shows individual loads, the full-load current is to be the total of all individual loads that may occur
simultaneously. If more than one simultaneous load condition is possible, the condition resulting in the
maximum total current is to be used as a basis for determining the capacity of the test circuit. The voltage
for the test circuit is to be an alternating current supply, and the circuit capacity is to be measured without
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the component in the circuit. The power factor of the test circuit is to be 0.9 — 1.0 unless a lower power
factor is agreeable to those concerned.

Table 66.1
Short-circuit test currents

Full-load amperes
Single phase Circuit capacity
115V 208V 230-240V 277V amperes
9.8 orless 5.4 or less 4.9 orless - 200
9.9-16.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.p 8.9-18.6 8.1-17.0 - 2000
34.1-80.p 18.7-44.0 17.1-40.0 - 3500
Over 80. Over 44.0 Over 40.0 Over 6.65 5000
3 Phase Circuit capacity
208V 220-240V 440 - 480 V 550 — 600 V amperes
2.12 or less 2.0orless - = 200
213 -3.14 21-35 1.3 orless 1.4°0r less 1000
3.8-9.5 3.6-9.0 - - 2000
9.6 — 23.9 9.1-22.0 - - 3500
Over 23.3 Over 22.0 Over 1.8 Over 1.4 5000

66.1.7 Threg¢ samples of each component or conductor’ under test are to be subjected to each test
condition and|a new protective device is to be used for each test. Consideration is to be [given to both
short-circuit and ground-fault conditions.

66.2 Motor ¢verload protective device

66.2.1 Therg shall be no ignition of cheesecloth surrounding the enclosure of a motor profective device
when sampleq are subjected to this test.

66.2.2 When a thermally protected motor or a separately enclosed motor overload protegtive device is
within an outef cabinet, and.if the assembly is constructed so that flame and molten metal wjll be confined
within the cabjnet and there is no flammable material except electrical insulation within the cabinet, the
short-circuit tept may beywaived.

66.3 Bondiqg conductors and connections

66.3.1 Bonding conductors and connections shall not open when samples are subjected to this test.
66.4 Motor circuit conductors and connections

66.4.1 Motor circuit conductors and connections shall not be damaged when samples are subjected to
this test.

67 Protective Devices — Maximum Continuous Current Test
67.1 To determine when a thermal protector or when a protective system complies with the requirement

specified in 18.4.2, the refrigerator is to be tested as specified in 67.2, unless the motor-compressor has
been separately tested as described in 67.4.
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67.2 The refrigerator is to be connected to a circuit of rated voltage and operated under the conditions
described in Table 67.1 for at least 1 hour or until stable conditions have been reached, whichever is
longer. Stable operation is considered to be obtained when two consecutive readings, 15 minutes apart, of
the temperature on top of the motor-compressor shell do not change more than 1.7°C (3°F). The voltage
then is to be reduced in steps of 2 percent of rated voltage (to the nearest integral volt). Operation is to be
allowed to become stable after each reduction in voltage before the next reduction is made, and readings
of current input to the motor-compressor are to be noted after stable operation is obtained subsequent to
each voltage reduction. If the refrigerator will operate at 90 percent of rated voltage without tripping the
motor protective device, the first step in voltage reduction may be to 90 percent of rated voltage followed
by alternate stabilization periods and 2 percent steps in voltage reduction as outlined above. This
procedure is to be continued until the protective device opens the circuit. The motor-compressor current
input at the lowest voltage step during which continuous operation occurs (the lowest voltage preceding

the voltage 3
compliance w

Exception: In
of the rated ¢
volt) to establ

- ool n ' 'l H ) H A 4 I} ! ) I}
U WITICTTUTS PTUICUUVE UTVILT UPCTITS T LITULUIL) TS U DT USTU doS UIT Udy

th the requirements in 17.1, 17.3(b) and 17.3(d).

fial operation of the refrigerator may be at such a voltage that the cunrent input
irrent. The voltage then is to be reduced by 2 percent of rated voltage (to the n
sh that the protective device opens.

is for judging

is 156 percent
earest integral

Table 67.1
Test condlitions for calibration of thermal protectors and protective systems in reffigerators
Temperature
Location °C (°F)

Air tempdrature surrounding unit 40 (104)
For watelf-cooled unit

Water temperature entering condenser 26.7 (80)

Water temperature leaving condenser 37.8% (100)
For air-cqoled unit

Air temperature entering condenser 40 (104)

2 Where f

water tenmpperature and 35\psig (2.41 kPa) nominal pressure.

his condition cannaét be attained due to the design of the unit, the unit is to be tested at 80°F inlet ¢

bndenser

67.3 The vg
other compon

Itage_teductions mentioned in 67.2 may be applied to the motor-compressoi
ents in the refrigerator operated at rated (or higher) voltage. For dual-voltage 1

only, with the
ated units, the

referred to in 67.2 is to be the higher of the two ratings.

rated voltage

67.4 The motor-compressor and its protective system, as employed in the refrigerator, may be
separately tested as described in 67.2 under the conditions described in Table 67.2. This separate test
may be used as a basis for judging compliance with the requirements in 17.1, 17.3(b) and 17.3(d).
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Table 67.2

Test conditions for calibration of thermal protectors and protective systems separately from

refrigerator

Location °C (°F) °C (°F) °C (°F)
Back Pressure Category Medium Low Extra Low
Return Gas
Saturated vapor temperature 0 (32) minus 12 (10) minus 29 (minus 20)
Superheat 27 (81) 39 (102) 56 (133)
Discharge gas
Saturated apor temperature 60 (140) 55 (131) 55 (131)
Ambient Air
Temperature 50 (122) 43 (110) 43 (110)
Velocity 400 fpm? 400 fpm?@ 400 fpm?
(2.03m/s) (2.03m/s) (2.p3m/s)

& The velocity spcified is the horizontal air velocity in the test chamberwithout the compressor installed. The actugl velocity
across the compressor may be different from this value, depending, on-the shape of the compressor and its effect op the air-flow
pattern. A highel velocity may be employed if the results of the test with the higher air velocity indicate compliance pvith 18.4.2.

68 Strength|Tests — Pressure Containing'Components

68.1 Refrigdration system

68.1.1 Except as specified in-88.1.1.1 or for Stirling systems as in 68.1.1.2, high-side parts of the

refrigeration system shall have ar’ultimate strength not less than the highest of the following:

a) Fiveltimes the marked high-side design pressure. See 87.2.7.

b) Five|times_ the’ maximum pressure developed in the Temperature and Pressure Test, Section 44,
and thg Defrost Test, Section 47.

c) Five times the start-to-discharge pressure of a pressure relief valve or five times the set-pressure

of a rupture member.

d) For a unit containing more than 22 pounds-mass (10 kg) of refrigerant, three times the maximum

adjustable setting of the pressure-limiting device.

e) For a unit equipped with a fusible plug, 2-1/2 times the vapor pressure of the refrigerant at the
relief temperature of the fusible plug or 2-1/2 times the critical pressure of the refrigerant,

whichever is smaller.

f) For an air-cooled unit, three times the maximum high-side pressure developed in the Condenser
Fan Motor Failure Test, Section 49.

g) For water-cooled units, five times the pressure developed in the Condenser Water Failure Test,

Section 50.
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h) For laboratory refrigerators and freezers with a limited charge system, one and one-half times
the system pressure measured at 60°C (140°F) during the static pressure test, Section 83A. For all
other refrigerators and freezers, one and one-half times the vapor pressure of the refrigerant at

60°C (140°F).
Exception: Alternatively, the fatigue tests of Section 69 may be conducted to determine component
strength.
68.1.1.1 For refrigerant containing parts intended to comply with 36.1 (c), high-side and intermediate

stage parts of a refrigerator with a transcritical carbon dioxide (R-744) refrigeration system and not

complying wit

h 68.1.1 shall be subjected to the higher of the pressures specified below:

a) Three Times the maximum pressure measured In the Temperature and Pressure Test, Section
44;

b) Thrge times the minimum design pressure marked on the refrigerator nameplate;

c) Fon refrigerators equipped with a pressure relief valve, three times the staft-to-discharge
pressyre of the relief valve;

d) For|refrigerators equipped with a rupture member, three times the set pressure|of the rupture
member;

e) For|
cutout

f)6,10

68.1.1.2 Fo
thermosiphon

to the higher ¢f the pressures specified below.

a) Thr
44;

b) Thr

c) For
memb

68.1.1.3 Th

refrigerators equipped with a high-side pressure-limiting device, three times
pressure that can be permitted by adjustmentiof'the pressure-limiting device; g

D psig (42 MPa).

I refrigerant containing parts of aréfrigerator with a Stirling engine coolin
(if equipped) shall be comply with,Section 36 and 68.1.1.3 and the engine sha

e times the maximum pressure measured in the Temperature and Pressure

be times the designpressure marked on the refrigerator nameplate;

refrigerators.equipped with a rupture member, three times the set pressure

er.

brmesiphons shall have an ultimate strength not less than one and one-half i

pressure of th

the maximum
r

g system, the
| be subjected

Test, Section

of the rupture

mes the vapor

e refrigerant at 60°C (140°F). If the thermosiphon is supercritical at 60°C (14(

°F), the vapor

pressure will be considered to be the thermosiphon refrigerant pressure at this temperature.

68.1.2 Pressure vessels bearing the ASME Code “U” symbol and having a working pressure not less
than required by 68.1.1 or 68.1.4, as applicable, are acceptable without test.

68.1.3 A refrigerant-containing component of a compressor system having a marked working pressure
shall have an ultimate strength equal to five times the marked working pressure.

68.1.4 Low-side parts of the refrigeration system shall have an ultimate strength not less than the highest
of the following:

a) Three times the marked low-side design pressure. See 87.2.7;
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b) Three times the maximum low-side pressure developed in the Temperature and Pressure Test,
Section 44, including equalization pressure developed after compressor shutdown;

¢) For an air-cooled unit, three times the maximum low-side pressure developed in the Condenser
Fan Motor Failure Test, Section 49, including discharge pressure relieved to the low-side and
equalization pressure developed after compressor shut-down;

d) For a water-cooled unit, three times the maximum low-side pressure developed in the
Condenser Water Failure Test, Section 50, including discharge pressure relieved to the low-side
and equalization pressure developed after compressor shut-down; or

e) One

and one-half times the vapor pressure of the refrigerant at 60°C (140°F).

f) A pr
refrige

Exception No.
highest of the
and Pressure
discharge pres

Exception No.
less than 2-1/]
2-1/2 times the

Exception No.
have an ultim
during the Deff

Exception No.
an ultimate stn

Exception No.
or remote trar
times the starf
coolant is cony

68.1.5 With
(140°F) are 22

L

ssure of 4150 psig (28.6 MPa) for refrigerators with a self-contained or unita
tion system employing carbon dioxide as the refrigerant.

1: Low-side pressure vessels shall have an ultimate strength of not'less than
following: low-side design pressure; maximum pressure developed during the
Test, Section 44, maximum pressure developed during the Defrost Test, Sectid
sure of a pressure-relief valve; or the set-pressure of a rupture’member.

2: Low-side pressure vessels protected by a fusible pltig shall have an ultimat
P times the vapor pressure of the refrigerant at therelief temperature of the |
p critical pressure of the refrigerant, whichever isssmaller.

3: In a self-contained refrigerator, low-side parts exposed to hot-gas defrost
bte strength of not less than five times, the maximum pressure developed if
rost Test, Section 47.

4: In a remote refrigerator, low-side parts exposed to hot-gas defrost presst
ength of not less than three times the marked low-side design pressure.

5: For refrigerators intended to utilize carbon dioxide (R744) in a secondary |
scritical system, the\low-side parts shall have an ultimate strength of not Ie
Lfo-discharge vallie)of the pressure relief valve. Carbon dioxide (R744) used a
bidered to be at'low-side pressure.

referenceyto 68.1.1(h) and 68.1.4(e) vapor pressures of R134a, R500, and

68.1.6  With

'y transcritical

five times the
Temperature
n 47; start-to-

e strength not
usible plug or

bressure shall
the low-side

yre shall have

bop, cascade,
ss than three
5 a secondary

R502 at 60°C

9, 248,and 362 psig (1579, 1710, and 2496 kPa), respectively.
faran atha racunraraante ~f 0O 4 4 4 0O 4 A cantinene ~F tho o fi A
TeToerTornoe U uaie IUHUIIUIIIUIILO VT UULTLT umnmu VUL T, OUULIVTNTO UT Ui IUIIISU

ation system

constructed of continuous tubing or of lengths of tubing connected by soldered, brazed, or welded joints
are considered as complying with these requirements, provided the tubing employed in the assembly
complies with the requirements of 35.1.

68.1.7 Two samples of each refrigerant-containing part are to be tested. The test medium is to be any
nonhazardous liquid, such as water. The test samples are to be filled with the test medium to exclude air
and are to be connected in a hydraulic pump system. The pressure is to be raised gradually until the
required pressure is reached. This pressure is to be maintained for 1 minute during which time the
samples shall not burst or leak. Leakage is to be determined visually; for example, by examination of the
sample for release of the test medium or as evidenced by a decreasing hydrostatic gauge pressure.

Exception No. 1: When gaskets are employed in components of refrigeration systems intended only for
use with refrigerants classified as A1 or A1/A1 in accordance with the Standard for the Designation and
Safety Classification of Refrigerants, ANSI/ASHRAE 34, leakage at gaskets is permitted provided that
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such leakage occurs at a pressure greater than 40 percent of the required pressure. The component shall
not rupture at the required strength test pressure even though leakage occurs at the gaskets or seals.

Exception No. 2: For Stirling engine systems, using refrigerants classified as A1 or A1/A1 in accordance
with the Standard for the Designation and Safety Classification of Refrigerants, ANSI/ASHRAE 34 in
amounts less than 100 g (3.53 o0z), leakage is permitted provided that the test pressure can be maintained
for 1 minute. The component shall not rupture at the required strength test pressure even though leakage
has been detected.

68.1.8 Pressure-actuated refrigeration controllers rated for the application are exempt from strength test

requirements

for pressure containing components.

68.2 Beverége product system

68.2.1 Part
systems, proy

68.2.2 Excd
pressure equ

5 of a product system pressurized by a pump or compressed gas, ‘includin
ided with a refrigerator shall comply with the requirements of 68.2.2 0r68.2.3.

bl to five times the start-to-discharge pressure of the reliefivalve. Systems cor

tubing or hosg, with or without dispensing valves, and not incorporating-a pressure relief va

shall withstar
However, sys|
not less than

68.2.3 Excd
equal to five
valve with a |
be required tq
except as sp¢g

68.2.4 The
interconnectin
as described

68.2.5 Lea
demonstrate {

a) Led
68.2.3

d a pressure of five times the maximum allowable~pressure marked on t

550 psig (4.5 MPa).

pt as specified in 68.2.5, parts that are pressurized by a pump shall withsta
times the maximum pressure that the_pump can develop. Systems which @
fart-to-discharge pressure less than the'maximum pressure the pump can deyv

withstand a pressure equal to fiveitimes the start-to-discharge pressure of t
cified in 68.2.5.

requirements of 68.2:3-*apply to water and product pump housing
g lines, and fittings that form part of a closed pressurized system. The parts a
n 68.1.8. Parts that.are not pressurized are exempt from this requirement.

age at valves;“tubing, and connections is acceptable when tests on f
hat:

kage.occurs at a pressure greater than 40 percent of the pressure require
and

g carbonation

pt as specified in 68.2.5, parts of a product system pressurized by gas shall withstand a

sisting only of
ve (see 5.2.2)
he equipment.

fems pressurized by gas which do not contain a relief Valve shall withstand a tést pressure of

nd a pressure
ontain a relief
elop shall only
ne relief valve,

containers,
re to be tested

;1

hree samples

1 by 68.2.2 or

b) Liquid from such leakage does not impinge on uninsulated live parts.

68.2.6 A pressurized system may be used for operating valves or other controls that dispense a product.
Parts of such a system need not comply with the strength test requirements when they comply with all the
conditions specified in (a) — (f):

a) The maximum pressure in the system is limited to 50 psig by a nonadjustable regulating device
or the maximum setting of an adjustable regulating device. The regulating device shall be an
integral part of the refrigerator.

b) The system is intended to be pressurized by nitrogen, carbon dioxide, air, or similar gas.

c) The system is constructed to prevent the continual release of gas in the event of leakage,
rupture or disconnection of the part.
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d) The pressurized part is formed of a flexible material such as polymeric tubing.

e) The part is protected within an enclosure to reduce the risk of injury to persons in the event of

rupture or disconnection of the part.

f) Liqui

d or vapor from leakage of the part does not impinge on uninsulated live parts.

69 Fatigue Test Analysis

69.1

69.1.1

and that are re

69.2

69.2.1 With

system shall h

Strength Test,

a) Thrg

b) Thrg¢e times the maximum abnormal pressure developed (or setting of the pre

General

These tests shall be applicable to those parts or the complete system that contains refrigerant

Initial test

Feference to 69.6.1, when cycled for 250,000 cycles, two samples‘of the pa
ave sufficient strength to withstand the pressure strength test\requirements s
Section 68. The test pressure shall be the higher of:

e times the maximum normal working pressure, see 44.2; or

quired to comply with the strength requirements specitied In the EXception 10 9

8.1.1.

it or complete
becified in the

ssure limiting

device], see 49.1 and 50.1; or

c) Three times the minimum design pressure specified in Table 87.1.

d) For|refrigerators intended to utilize carbon dioxide (R744) in a secondary loop or cascade

system|, three times the start-to-discharge-value of the pressure relief valve.
69.2.1.1 With reference to 69.6.1, when gyeled for 500,000 cycles, Two samples of the paft or complete
system shall have sufficient strength to-withstand the pressure strength test requirements specified in the
Strength Test,[Section 68. The test pressure shall be the higher of:

a) Twoltimes the maximym normal working pressure, see 44.2; or

b) Twq times the_maximum abnormal pressure developed (or setting of the pressure limiting

device), see 49.17and 50.1; or

c) Twoltimes:the minimum design pressure specified in Table 87.1.

d) For rnfrignmfnrc intended to utilize carbon dioxide (R’7AA) in a secondary loob or cascade

system, two times the start-to-discharge value of the pressure relief valve.

69.2.2 Thes

amples shall not burst or leak, except as indicated in the Exception to 68.1.7.

69.3 Material specifications

69.3.1

Materials used in the pressure containment system and subjected to this test shall be identified by

reference to an industry standard material specification, such as ASTM, SAE, AISI, and the like, as
specified by the manufacturer. Joining methods shall be specified by materials, the manufacturer's
process specifications, or the equivalent.
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69.4 Cycling test specifications
69.4.1 Three samples of each refrigerant-containing part shall be tested as described in 69.5. The cyclic
pressure values are to be as specified in 69.6.2 and the number of cycles are to be as specified in 69.6.1.

At the manufacturer's option, three samples of the complete system shall be used for the test.

69.4.2 The samples shall be considered to comply if they comply with 69.5.3 at the completion of the test
and if they do not rupture, burst, or leak.

69.5 Test method

69.5.1 The fe essure driving
source. The pressure shall be raised and lowered between the upper and lower cyclicCvglues at a rate
specified by the manufacturer. The full specified pressure excursion shall occur during-each cycle. The
shape of the pressure cycle shall be such that the upper and lower pressure values shall be [maintained for
at least 0.1 sg¢conds. For safety purposes, it is suggested that the inert fluid deseribed in 69.5.1 shall be a
hydraulic fluid. The fluid shall completely fill the part, displacing all of the air.

69.5.2 Matg¢rial such as steel, copper, and aluminum have fatigue properties that gre practically
independent pf temperature at the continuous operating temperatures’normally encountgred under the
operating temperature conditions and internal system temperatures of the unit. If the contindious operating
i§ less than or equal to 121°C (250°F) for copper of aliminum or 204°C (400°H) for steel, the
test temperature of the component part or assembly shall be. at least 20° C (68° F). If the continuous
operating temperature of the component exceeds 121°C (250°F) for copper or aluminum or P04°C (400°F)
for steel, the {est temperature of the parts or assemblies-that are at these temperatures, and subjected to
the pressure,|shall be at least 149°C (300°F) for copper or aluminum and 260°C (500°F) for steel. For
other materia|s or higher temperatures, the effects;of temperature on the material fatigue characteristics
shall be evaluated.

69.5.3 Following the specified number of\test cycles, the test pressure shall be increased|to the highest
amount specified in (a) or (b) below. Afterthe pressure is raised, the test value shall be maintained for 1
min without rdpture, burst, or leak.

a) Twq times the minimum upper pressure values specified in 69.7.1; or

b) Ong and one-halfitimes the marked or accepted pressure rating required in 87.1.2(e).

69.6 Test parameters

69.6.1 The humber of cycles shall be 250,000. if the initial pressure test was conducted fin accordance
with 69.2.1 (3X pressure). The number of cycles shall be 500,000 if the initial pressure test was conducted
in accordance with 69.2.1.1 (2X pressure). The test pressure of the first cycle of the test shall be
determined by 69.6.2. The test pressure for the remainder of the test shall be determined by 69.7.1.

69.6.2 Except as indicated in 69.6.3, the pressure for the first cycle shall be the pressure identified in
69.2.1 prior to multiplying by three or 69.2.1.1 prior to multiplying by two.

69.6.3 For high-side or intermediate stage parts of a transcritical refrigeration system, the upper
pressure of the high-side parts during the first cycle shall be the higher of: the marked design pressure in
accordance with 87.2.8.1 for high-side parts or 87.2.8.2 for intermediate stage parts; the maximum
abnormal pressure developed during the condenser fan motor failure test, Section 49; or the condenser
water failure test, Section 50.
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69.7 Cycle test pressure specification

69.7.1

a) Except as indicated in ¢) components subject to high side pressures, the upper p
shall not be less than the saturated vapor pressure of the refrigerant at 49°C (120°F),

Except as indicated in 69.7.2, the pressure for the remainder of the test cycles shall be as follows:

ressure value
and the lower

pressure value shall not be greater than the saturated vapor pressure of the refrigerant at 4.4°C

(40°F);

b) Except as indicated in ¢) components subjected to only low side pressures, the upper pressure
value shall be not less than the saturated vapor pressure of the refrigerant at 27°C (80°F), and the

and the greater of 5 psig or the sa

of the dew point pressure value and the bubble point pressure value at
ture is used as the saturated vapor pressure value;

averag
tempe

scade, or remote transcritical system, the upper pressure value shall not be|
start-tordischarge value of the pressure regulating relief valye(The lower pressurg
more than 100 psig; and

d) For|high-side or intermediate stage parts of a transcritical refrigeration syste
pressufe for the remaining cycles shall be not lesskthan 95 percent of the higher
specifigd in 69.6.3. The lower pressure for all cycles shall not be greater than the sg
pressufe of the refrigerant at 40 °F (4.4 °C). For R744, this value is 553 psig (3.8 MPa

69.7.2 For high-side or intermediate stage parts 0f a transcritical refrigeration system, the |
for all cycles shall not be greater than the saturated vapor pressure of the refrigerant at 40 °F
R744, this valye is 553 psig (3.8 MPa).

70 Start-To-Pischarge Test

70.1 A presgure-relief device Used in the carbonation system shall relieve at a pressure nof
rated start-to-discharge pressure.

70.2 Three $amples-of.the device are to be tested. Each sample is to be connected to
such as air, cgrbon.dioxide, or nitrogen, but oxygen or any flammable gas is not to be used.
to be immersed innwater, and the pressure is to be gradually increased until the device start

turated vapor
essure of the
e may be any
mixtures, the
the specified

a secondary
less than the
b shall be not

m, the upper
of the values
turated vapor

).

bwer pressure
" (4.4 °C). For

exceeding its

h gas source,
The sample is
5 to discharge

as evidenced py-the occurrence of bubbles in the water. The highest value obtained in test

s of the three

samples is to be used to determine compliance with 70.1.

71 Regulating Relief Valve Endurance Test

71.1
carbon dioxide (R744) in a secondary loop or in a cascade system.

This test applies to pressure regulating relief valves which may be used on refrigerators using

71.2 The test shall be conducted in accordance with 70.2 except that the average of the initial three start-
to-discharge pressure values is to be used as a reference. The average start-to-discharge pressure for the
three samples shall not exceed the marked setting of the regulating relief valve. Each individual sample
shall have a start-to-discharge pressure within £ 7 percent of the marked setting of the regulating relief

valve.
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71.3 The same three test samples shall then be cycled 300 times between the start-to-discharge
pressure and any lower pressure such that no air is discharged through the test samples.

71.4 At the conclusion of the test, the start-to-discharge pressure obtained on the final cycle for each of
the three test samples shall be averaged and compared to the initial referenced value. The final averaged
value shall be within 7 percent of the initial averaged reference value and each individual sample valve
shall have a start-to-discharge pressure within +10 percent of the marked setting of the regulating relief

valve.

72 Shelf Strength Test

721

A food storage component shall remain in position and comply with 72.3 after being subjected to

three impact

damage to elj

a) The
equal
the cy

b) Wh
lead s
mm).

Exception: Th

72.2 The led
to be spherica

72.3 A foog
specified in (4

a) The
diame
the foq

b) Wh
steel @
or

c) Wh

ctrical components or wiring, or reduction of electrical spacings.

release from a height of 4 inches (102 mm) of a bag containing lead shot, w
o one-half the weight of the test load specified in 72.3, but not exeeeding the v
inders described in 72.3. The height of the drop is to be a measured to the bott

not is to be released from a height equal to the maximum [oading height minus

s requirement does not apply to food storage components in chest-type refrigg

d shot is to be trade size No. 9 to 6, or 0.08 to 0.11 inch (0.2 to 0.3 mm) diame
| and is to impact the food storage component at the center.

storage component shall remain in position and retain a test load applied

)= (c):

maximum number of solid steel cylinders, each weighing 2.2 pounds (1 kg
er of 3.15 inches (80.0.mm), that can be placed in a single tier, with their ax
d storage componént without any cylinder overhanging the front edge of the ¢

en the maximum’loading height of a shelf does not exceed 5.9 inches (150
ylinders are‘to be 3.15 inches (80.0 mm) in diameter are to weigh 1.1 pounds

bn-more than one food storage component is supported by a bracket (for ex

as indicated in (a) and (b). In addition, the impacts shall not result in exposufe of live parts,

hose weight is
veight of ten of
om of the bag.

bn the maximum loading height of the component is less than 10 inches (254 mim), the bag of

6 inches (152

brators.

ter. The bag is

for 1 hour as

and having a
es vertical, on
bmponent.

mm), the solid
(0.5 kg) each,

ample, plaster

arran

ement). the bracket shall remain in_position when all support cor

hponents are

simultaneously loaded as indicated in (a) or (b), as applicable. Adjustable food-storage
components shall be equally spaced during this test.

Exception: This requirement does not apply to food storage components in chest-type refrigerators.

72.4 Other loading means may be used in lieu of cylinders, provided the load is equivalent to that
calculated on the basis of 72.3.

72.5 The tests in 72.1 and 72.3 are to be conducted with any arrangement or removal of food storage
component and, where the food storage component or its structural support parts are constructed of
polymeric materials, the tests in 72.1 and 72.3 are to be conducted at the temperature specified in (a) or

(b):
a) 15.6 to 32.2°C (60 to 90°F) for components in the fresh-food storage area.
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b) Minus 17.8 £1.4°C (0 +2.5°F) for components in the frozen-food storage area. In this case, the
components are to be maintained at the test temperature for a period of not less than 24 hours

prior to

testing.

73 Component Restraint Test

73.1

prevent its being unintentionally pulled free of its supporting means.

Exception: The types of components specified in (a) — (d) need not be restrained:

A slideout food storage component (drawer, shelf, or similar component) shall be restrained to

a) A pan, tray, or similar container that rests freely on a shelf or on the storage compartment

bottomy
b) A camponent that does not exceed 10 pounds (4.5 kg) in weight when loaded gs indicated in
72.3;
c) A shelf or container located so that the bottom of the shelf or container is not inore than 20
inches|(5608 mm) above the floor, with levelers adjusted to raise the\fefrigerator to|its maximum
elevatipn above the floor, but not to more than 1 inch (25.4 mm); and
d) A condensate tray not intended for food storage.

73.2 The regdtraint specified in 73.1 is acceptable if it will prevent the food storage componegnt from being

pulled clear o

component lo@ded in accordance with 72.3, but not more-than 30 pounds (13.6 kg). The co

be loaded in
horizontally by
edge of the co

74 Glass St

741 Except
of the refrigers
of 74.2, when

74.2 Exterio
greater than 1

a) Be g

the refrigerator with the application of a statically applied load equal to the
pccordance with 72.3 and is to be in its’ restrained position. The force is

mponent.
ength Test

as indicated in 74.4 and /4.5, glass subject to contact during use and routing
tor shall be no lessithan 0.115 inch (2.92 mm) thick, and shall comply with the|
hpplicable, and, 74.3.

" glass having an exposed minor dimension exceeding 12 inches (305 mm
14 square)inches (929 cm?) shall:

f asnonshattering or tempered type that when broken complies with the Safety

weight of the
mponent is to
o be applied

hanging a weight from a cord running over a pulley and attached to the cenfer of the load

maintenance
requirements

and an area

Performance

Specifi

cations and Methods of Test for anpfy (-‘.In7ing Materials IUsed In Ruildingcy AN

S1Z97.1, or

b) Withstand without cracking or breaking to the extent that pieces are released or dropped from
their intended position, a 2-1/2 foot-pound (3.4 J) impact from a 2 inch (50.8 mm) diameter, 1.18
pound (0.54 kg) steel ball. The impact is to occur within 1 inch (25.4 mm) of the center of the glass

area.

74.3 Exterior glass having an exposed minor dimension greater than 3 inches (76 mm) shall withstand
for a period of 1 minute, a gradually applied force of 50 pounds (223 N). The force is to be evenly
distributed and applied through a 3 inch (76 mm) diameter resilient disc located in the center of the glass
area. There shall be no evidence of the failure of the glass or supporting means. When the entire section
of glass is located 6 feet (1.8 m) or more above floor level, this test is not applicable.

Exception: The applied force is to be 35 pounds (156 N) when the entire section of glass is located more
than 42 inches (1.1 m) above floor level and is in a plane that is 45 degrees or less with the vertical plane.
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74.4 Among the factors that are to be taken into consideration when judging the acceptability of glass
panels heated by electrically conductive surfaces or other means are: electrical input, temperature rise,
operation at overvoltage condition, ability to withstand dielectric potential, reliability of vapor seal,
resistance to moisture, stability of conductive coating, aging of terminal assembilies, resistance to impact,
and resistance to thermal shock.

74.5 Glass components, other than lamps, used inside refrigerators shall:

a) Have smooth edges if the edges are exposed to contact during routine use, including cleaning.
Edges exposed when the glass component is in its intended storage position shall be fire polished,
heat-toughened or tempered, or covered by permanently attached smooth framing.

b) Withs mm) diameter,

1.18p

)~ (3)

1) The impact energy is to be imposed on the sample by the stegel ball
vertically or by swinging as a pendulum. The sample component is,to-be struq
(25.4 mm) of its center.

2) The test may be conducted on a panel of flat glass.of the type em
refrigerator when it is determined that the results of the‘test on the sepa
representative of the component as employed in the refrigerator.

3) Three samples of each component are to be tested, and a separate sampl
for each test.

either falling
k within 1 inch

ployed in the
ate panel are

B is to be used

75 Door Latch Release and Door Opening Test

75.1 Deleteg/

75.2 Deleteg/

75.3 Deletegl

75.4 Deleteg/

75.1 Door Llatch Release Test

75.1.1 Aninteriordatch release device of a walk-in refrigerator, freezer, or door panel assefbly door (see
4.5) shall relgase, with a force of 15 pounds (66.7 N) or less, applied at the rate of 3 to 4 ppunds (13.4 to
17.8 N) per séeora—Thistestiste-be-conducted-before-and-afterthetestspeeifiedHn754-3-

75.1.2 When the force required to release the door latch is intended to be applied to an interior bar, lever,
or similar actuator, the force is to be applied to this actuator.

75.1.3 Components of a latch release mechanism that permit the refrigerator door to open as a result of
a force applied to an actuator shall not break, crack, or permanently deform from the application of 50
successive 20 pounds (88.9 N) pushing operations followed by 50 successive 20 pound pulling operations
(when either or both are applicable, depending on the component construction).

75.2 Door Opening Test

75.2.1 The door of a walk-in refrigerator, freezer, or door panel assembly (see 4.5) shall open when a
force of 50 pounds (220 N) is applied.
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75.2.2 The force is to be applied at a rate of 3—4 Ibs (13.4 — 17.8 N) per second until the door opens.

75.2.3 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 of 75.1.

75.2.4 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.

75.2.5 Whern the testin 75.2.1 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 forde.

76 Accelerated Aging Test — Electric Heaters

76.1 Rubbel, neoprene, or thermoplastic compounds used as a heater\casing or for he¢ater terminal
seals shall withstand accelerated aging without deteriorating to a degree-that will affect its use. Aging
conditions, as| specified in Table 76.1 are based on the maximum temperature rise, mgasured in an
ambient from P5 to 40°C (77 to 104°F) on the device during the Temperature and Pressure| Test, Section
44, Defrost Tegt, Section 47, or both.

Table 76.1
Accelerated aging test criteria

Measured temperature
rise Test program

°C (°F) Rubber or Neoprene Thermoplastic

35 (63) Air oven aging for 70:haQurs at 100 +2°C 7 days in an air circulated oven at[100°C
(212 +3.6°F) (212°F)

50 (90) Air oven aging:for 168 hours at 100 +2°C 10 days in an air circulated oven at 100°C

(212°F)

55 (99) 7 days in an air circulated oven at 113°C (235.4°F)

65 (117) 10'days in an air circulated oven at 121°C 7 days at 121°C (249.8°F) or 60 days at 97°C
(249.8°F) (206.6°F) in an air circulated oven

80 (144) 7 days in an air circulated oven at 136°C (276.8°F)

100 (180Q) 60 days in an air circulated oven at 136°C (276.8°F)

125 (2257 60 days I an air circutated oven at 158 C(316.4°F)

175 (315) 60 days in an air circulated oven at 210°C (410°F)

77 Reliability Test — Heater Terminations

77.1 Electric heaters employing either integrally molded leads or molded terminal assemblies shall
withstand, without displacement of insulation or separation of the connection between the lead and heater,
a test load of 20 pounds (9.1 kg) applied for 1 minute. The load is to be applied to the leads or terminals in
the direction at which they exit the heater case or molded connection.
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78 Accelerated Aging Tests

78.1

Gaskets and sealing compounds of neoprene or rubber required for use with electrical enclosures

as determined during the Rain Test, Section 53, shall have physical properties before and after 70 hours of
air oven aging at 100 +2°C (212 +£3.6°F) as indicated in Table 78.1.

Exception: These requirements do not apply to foamed materials.

Table 78.1
Physical properties of gaskets and sealing compounds

Before test After t

pst

Recovery -
marks are
for 2 minut

Elongation
inch (25.4

Tensile Str

- Maximum set when 1 inch (25.4 mm) gage
Stretched to 2-1/2 inches (63.5 mm) and held
es and measured 2 minutes after release

1/4 inch (6.4 mm)

— Minimum increase in distance between 1
mm) gage marks at break.

250 percent (1 to 3-1/2
inches) (25.4 to 88.9 mm)

65 percent o)

ength — Minimum force at breaking point. 850 psig (5.9 MPa) 75 percent 0

f original

f original

78.2 Foame
will affect thei

78.3 A thert
its sealing prg

78.4  With rg
not less than
exposure to t
and the elong
temperature.

78.5 Sealin
sample of the|
air at 87°C

otherwise def
aged sample

d neoprene or rubber compounds shall not harden or otherwise deteriorate tg
[ sealing properties after being subjected to 70<hour air oven test at 100 +2°C (

noplastic material shall not deform, melt, or otherwise deteriorate to a degree
perties following exposure to air at a temperature of 87°C(190°F) for a period ¢

ference to 78.3, polyvinyl chloride gasket material shall have an ultimate ten
1200 psig (8.3 MPa) and, antultimate elongation of not less than 250 percs
ne elevated air temperature. The minimum tensile strength shall be not less th
ation not less than 75 percent of the original values following the exposure to t

j compounds, are to be applied to the surface they are intended to seal. A

190° F)for a period of 7 days. The sealing compound shall not melt, bec
eriorate.to a degree that will affect its sealing properties as determined by
0 anunaged sample.

a degree that
212 +3.6°F).

that will affect
f 7 days.

sile strength of
nt prior to the
an 90 percent
he elevated air

representative

surface with:the sealing compound applied is to be subjected to a test involving exposure to

bme brittle, or
comparing an

78.6 When gaskets are secured by adhesives, samples of the gasket adhesive and mounting surface
are to be exposed to 87°C (190°F) air oven for 7 days; and immersion in distilled water for 3 days. The
force required to peel the gasket from its mounting surface after exposure shall be not less than 50 percent
of the value determined on “as-received” samples and in no case less than 2 pounds per inch (350 N/m) of

gasket width.
79 Metallic

79.1

Coating Thickness Test

The solution to be used for this test is to be made from distilled water containing 200 grams per liter

of chemically pure chromic acid, CrO5; and 50 grams per liter of chemically pure concentrated sulfuric acid,
H,SO,. The latter is equivalent to 27 milliliters per liter of chemically pure concentrated sulfuric acid,
specific gravity 1.84 containing 96 percent of H,SO,.
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79.2 The test solution is to be contained in a glass vessel, such as a separatory funnel, with the outlet
equipped with a stopcock and a capillary tube of 0.025 inch (0.64 mm) inside bore and 5.5 inches (140
mm) long. The lower end of the capillary tube is to be tapered to form a tip; each drop from which is to be
0.05 milliliter. To preserve an effectively constant level, a small glass tube is to be inserted in the top of the
funnel through a rubber stopper and its position adjusted so that the rate of dropping is 100 +5 drops per
minute when the stopcock is open. An additional stopcock may be used in place of the glass tube to
control the rate of dropping.

79.3 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room, which is to be noted and recorded. The test is to be conducted at a room

temperature of 21.1 to 32.2°C (70 to 90°F).

794 Each {
nonmetallic cg
to be thoroug
contact of the

79.5 The safnple to be tested is to be supported 0.7 — 1 inch (17.8 — 25.4:mm) below the

the drops of s
inclined 45 de

79.6 After ¢
opened and th
off the protect
recognizable 4

79.7 Each s
stenciled, and
surface, at po
from precoate
coatings.

79.8 To cald
temperature a
in seconds, re

ample is to be thoroughly cleaned before testing. All grease, lacquer, p
atings are to be removed completely by means of an acceptable solvent, 'Sa
nly rinsed in water and dried with clean cheesecloth. Care should be“exerg
Cleaned surface with the hands or any foreign material.

olution strike the point to be tested and run off quickly. The_surface to be t
jrees from horizontal.

eaning, the sample to be tested is to be placeddnder the orifice. The stop
e time, in seconds, is to be measured with a stopwatch until the dropping solu
ve metallic coating and exposes the base metal/The initial appearance of the
y the change in color at that point.

ample of a test lot is to be subjected*to the test at three or more points,
threaded surfaces, on the inside surface, and at an equal number of points ¢
nts where the metallic coating.may be expected to be the thinnest. On enc

ulate the thickness_ 'of the coating being tested, the thickness factor apprd
which the test was conducted is to be selected from Table 79.1 and multiplie
juired to initially_expose base metal as determined in 79.6.

Table 79.1
Thickness of coating factors

aint, and other

i

ples then are
ised to avoid

orifice so that
bsted is to be

cock is to be
tion dissolves
base metal is

excluding cut,
n the outside
osures made

H sheets, the external corners-that are subjected to the greatest deformation may have thin

priate for the
d by the time,

Temperature Thickness factors, 0.00001 inches (0.0003 mm) per
second
°F °C Cadmium platings Zinc platings
70 211 1.331 0.980
71 21.7 1.340 0.990
72 22.2 1.352 1.000
73 22.8 1.362 1.010
74 233 1.372 1.015
75 23.9 1.383 1.025
76 244 1.395 1.033
77 25.0 1.405 1.042

Table 79.1 Continued on Next Page
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Table 79.1 Continued
Temperature Thickness factors, 0.00001 inches (0.0003 mm) per
second
°F °C Cadmium platings Zinc platings
78 25.6 1.416 1.050
79 26.1 1.427 1.060
80 26.7 1.438 1.070
81 27.2 1.450 1.080
82 27.8 1.460 1.085
83 28.3 1.470 1.095
84 28-9 4480 4404
85 294 1.490 1.41(
86 30.0 1.501 1.12(
87 30.6 1.513 1.13(
88 31.1 1.524 1.141
89 317 1.534 1.15(
90 32.2 1.546 1.16(
80 Fastener Strength Test

80.1 This tg

secured by:
a) Ultr.
b) Nor
c) Met

80.2 The tig

as-received v

80.3 Three
Table 80.1 an

st applies to nonmetallic materials, as determined in footnotes (e), and (f)

Bsonic, solvent, or heat welds;
metallic screws and nuts; and

bl screws threaded into nonmetallic materials.

htening torque and pull-off’strength of such fasteners shall be not less than 50
blue.

sets of samples, each set consisting of three specimens, is to be conditioned
i Table 80.2.

Table 80.1
Test specifications

of Table 82.1,

percent of the

8s indicated in

Sample Set No. of Samples Test Specifications
1 3 As-received (no conditioning).
2 3 Oven aging — 300 hours at the service temperature plus 10°C (18°F) but not
less than 70°C (158°F). Service temperature is considered to be the
temperature measured during the Temperature and Pressure Test, Section 44.
3 3 Heat cycling — 40 cycles of alternate heating and cooling at the temperatures

temperature followed by 4 hours at the lower temperature.

specified in Table 80.2. Each cycle is to consist of 4 hours at the upper
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Table 80.2
Temperature cycling parameters

Location Upper Temperature Lower Temperatu

re

Nonrefrigerated Areas

Service temperature plus 10°C (18°F)
but not less than 70°C (158°F)

25°C (77°F)

Refrigerated Area

32°C (90°F) 0°C (32°F)

Low Temperature Area

32°C (90°F)

minus 17.8°C (0°F)

81 Burnout

81.1 This tes
metal or in 5V
described in 8]

81.2 Each m

rotor is to be Ipcked. The motor is to be mounted as intended in use, completely wrapped in

surgical cottor
voltage and o
increased in 5
Operation is tg

81.3 Theres

814 Asans

the complete yinit. The test arrangement and the test-method is to be as described in 81.2 ¢

motor is not to

82 Tests on

Test — Impedance Protected Motors

tIs to be conducted on impedance protected motors when such motors are.n
material and are located adjacent to other than 5V materials. One sampleris-t
1.2.

otor to be equipped with a thermocouple for measurement of thenwinding tem
, and connected to a variable voltage source. The motor, is.then to be ener
perated until the winding temperature stabilizes. The veltage is then to be

volt increments, allowing the winding temperature to stabilize after each increa
continue until burnout occurs.

hall be no ignition of cotton surrounding the mator.

lternate to testing the individual motor as described in 81.2, the test is to be

be wrapped in cotton. There shall be*no ignition of flammable materials.

Nonmetallic Materials

bt enclosed in
b be tested as

perature. The
dry absorbent
jized at rated
progressively
se in voltage.

conducted on
xcept that the

82.1 Nonmeiallic materials are to be evaluated as indicated in Table 82.1.
Table 82.1
Tests on nonmetallic materials

Test Group Applicable Test Number
Group 1 13,20, 3% or49, 6, 7%%,89,9, 10, 11, 12,13
A part servipg'as an ultimate enclosure for ignition
sources.
Group 2 Minimum 4, 6, 7%, 89,9, 10, 11, 12, 13
An enclosure not serving as an ultimate enclosure for
ignition sources.
Group 3 3", 49, 6,721, 89,10, 11, 12
A functional part.
Group 4 3" 49 59 9
A nonfunctional part.
NOTES
1. 5inch end product flame test .
2.5V rated material.

Table 82.1 Continued on Next Page
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83

83.1

Table 82.1 Continued

Test Group Applicable Test Number

3. V-0, V-1, V-2, HF-1, HF-2 rated materials 3/4 inch End Product Flame Test or 12 mm End Product Flame Test .

4. HB or HBF rated material or a material with a flame spread rating of 25 or less and a smoke developed rating of 50 or
less.

5. HBF, HF-1, HF-2 rated materials.

6. Mold Stress-Relief Test '.

7. Fastener Strength Test, Section 80.

8. Adhesive Test .

9. Radiant Panel or Surface Burning Characteristic Test (See 7.1.3) — Applies only to parts forming portions of the

external enclesure—orofa-decorative-partithetotal-area-ofthe-enclosure ds4B-square feot{0-03-mY)

10. Volum¢ Resistivity Test ' — Applies only if electrical spacings between uninsulated live parts and the matéfial are less
than specified in line-voltage circuits, and extra-low voltage (Class 2) circuits, or if the part is used as indirect support of
an uninsulated live part.

11. High Cfirrent Arc Ignition Test ' — Applies only if the material is used to enclose uninsulatedive parts or to|provide
indirect support of uninsulated live parts. This test need not be conducted if the uninsulated liye parts are located a
minimum df 1/32 inch (0.79 mm) from the enclosure or functional part.

12. Hot Wife Ignition Test ' — Applies only if the material is within 1/2 inch (12.7 mm) of electrically-heated wirds or
resistors.

13. Impact|Tests ' — 5 ft-Ib (6.8 J) impact for enclosures containing uninsulateg-ive parts, 1.5 ft-Ib (2.0 J) impaft for
enclosureq containing moving and hot parts. If an enclosure of uninsulatedAive parts is protected because of |t's location
within the ¢onfines of the refrigerator, it shall withstand an impact of 1.5 ft-16(2.0 J).

@ An enclogure provided with a barrier interposed between the matenial and an ignition source will be tested with the
barrier in pjace.
b A materigl with a V-2 minimum rating is able to be used to englése an ignition source if the ignition source is|only
energized ps a result of a continuous action by an attending,0perator. The lens of a high voltage Light Emitting Diode
(LED) lumipaire may be rated V-1 if all ignition sources otherthan the LEDs themselves are isolated from thellens in
accordancg with 8.3.3 and 8.3.4.
® These materials are able to be used if ignition sourCes are separated or isolated in accordance with 8.3.3 anyd 8.3.4.
When the ignition source is line voltage wiring, the wiring need not be separated or isolated from enclosures formed
from a maferial with a minimum V-2 rating.
9If line volfage wiring without VW-1 insul4tiort is the only ignition source and it is separated or isolated in accg¢rdance
with 8.3.3 and 8.3.4, materials having a-minimum HB or HBF rating are able to be used.

¢ Applies oply to the ultrasonic welds,\Or heat welds; polymeric screws or nuts; metal screws threaded into a polymeric
part; or other means where degradation of a polymeric material affects securement.

f Applies td an enclosure that serves only to reduce the risk of electric shock.
9 Applies only if the adhesive is relied on to maintain the integrity of an enclosure or functional part.

M If ignition|sources 4re)separated or isolated in accordance with 8.3.3 and 8.3.4, materials having a minimum HB or
HBF rating|are ableto be used as a functional or non-functional part.

" Tested or fatéd'as described in UL 746C, except that when a nonmetallic part is used within a freezer comp4
three samples-a itioned i i ° ° i
impacted while still cold.

Label Adhesion Tests

A marking secured by cement or adhesive shall comply with the applicable portions of the
requirements in the Standard for Marking and Labeling Systems, UL 969.

83A Static Pressure Test

83A.1

This test is applicable to laboratory refrigerators and freezers employing a limited charge system

as referenced in 68.1.1(h) and 87.2.9. The test will determine the pressure in the refrigeration system so
the design pressures and ultimate strength of the limited charge system can be determined.
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83A.2 A pressure gauge is to be attached to the refrigeration system as indicated in 39.2. The entire
product or refrigeration system shall then be placed in an environmental chamber. The compressor shall
not be energized.

83A.3 The temperature in the chamber shall be increased to the required temperature. See 68.1.1(h)
and 87.2.9. This temperature shall be maintained for 4 hours.

83A.4 The refrigeration system pressure shall be monitored and recorded. The maximum pressure shall
be used as the basis for the ultimate strength as referenced in 68.1.1(h) and the design pressure(s) as

referenced in 87.2.9.

83B Reserved

83C Component Failure Test

apacitor, solid
k of personal

83C.1 A single malfunction (short or open) of any circuit component, such as a resistor, c
state device, and the like, shall not result in a risk of fire or electric shock or increased rig
injury.
bne at a time.

83C.2 With reference to 83C.1, each circuit component is to be open-'or short-circuited

For a discrete

device having more than two terminals, such as a transistor, SCR, triac, or

any combinati
following com

a) Eac

pn of two terminals shall be open- or short-circuited: For an integrated circt
ination of terminals shall be tested:

pair of adjacent terminals shorted;

imilar device,
it device, the

b) Each input terminal shorted to (referenced)-ground terminal;

c) Each output terminal shorted 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-cifcuited.

Exception No.|1: Compotients in a Class 2 circuit that is not a safety circuit are not required fo be open- or

short-circuited

Exception No bnditions and
incorporating val EQquipment
Evaluations, UL 746C, spacings, or both to reduce the risk of a short circuit or reduction in resistance is
not required to be open- or short-circuited.

2.\/A resistor investigated for acceptability with respect to end-use c
sulation nnm'nlying with the Standard for. Pnl_\,/mnrir‘ Materials — [Use in Electri

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 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, and investigated for acceptability with respect to end-use conditions, is not required to be
short-circuited.

Exception No. 4: Component failure testing is not required if circuit analysis indicates that no other
component or portion of the circuit will be seriously overloaded and that a risk of fire, electric shock, or
injury to persons will not occur as a result of the assumed open- or short-circuiting of another component.
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83C.3 During these tests, the control or the end-use product is to be covered with a single layer of
cheesecloth and then placed on a softwood surface that has been covered with white tissue paper. The
sample is to be connected to a source of supply as indicated in Clause 40.1. Dead metal parts of the
control, end-use product, or both are to be earth grounded through a 3-A nontime-delay fuse. The control
is to be operated in any normal mode (for example, full power, partial power, standby, or similar mode) to
cause the most adverse results.

83C.4 If a circuit element or printed wiring foil opens to terminate a test, the test is to be repeated two
additional times.

Exception: Operation of a thermal or overcurrent device that is rated for the application does not require
repeating the test.

Libjected to the
test need be
nponents after

83C.5 Folloying the abnormal conditions specified in Clause 83C.2, the sample shall-be s
applicable diglectric voltage-withstand test, Section 48. The dielectric voltage withstand
conducted only after the last abnormal operation test unless it is necessary to replace cor
conducting thg other tests.

83C.6 Atth pxist if the test

results in any

p conclusion of the test, a risk of fire or electric shock shall be’ considered to
of the following:

a) Igni
b) The

c) Any
acces

d) The

83C.7 Rath¢r than the component failure tests specified in Clause 83C.2, a component e

may be used
83D Tests ¢
83D.1

Geneg

83D.1.1 Exd
accordance W

ion of the cheesecloth or the tissue paper;
3 A fuse connected to earth ground opens;

opening is developed in the overall éfclosure that is larger than those
Sibility requirements as covered by electtical protection, Clause 5.4; or

appliance/control does not comply-with the dielectric voltage-withstand test, C|

o determine the result of specific open- and short-circuits.
n Thermoelectric'Refrigerators and Freezers
ral

ept as_specified in 83D.1.4, a thermoelectric cooling appliance without a fan,
ith 83D.2.1shall not emit any flame or molten metal from the appliance.

permitted by

ause 48.

aluation study

Wwhen tested in

83D.1.2 A thermoelectric cooling appliance with fan(s), when tested in accordance with 83

a) Sha

3.1:

Il not emit any flame or molten metal from the appliance; and

b) If the fan motor (s) are not protected in accordance with Section 18, shall not develop
temperatures exceeding 302 °F (150 °C) on the fan motor winding of an open type motor or of the
fan motor enclosure of a totally enclosed motor. This requirement also applies to fan motors
supplied by a low voltage Class 2 or Limited Power Source circuit.

83D.1.3 Except as specified in 83D.1.4, a thermoelectric cooling appliance with a semiconductor
thermoelectric module powered by other than a low voltage Class 2 or Limited Power Source supply shall
comply with the Dielectric Voltage Withstand test referenced in 83D.4.1. No dielectric breakdown shall
occur.
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83D.1.4 With regards to 83D.1.1 and 83D.1.3, if the thermoelectric circuit is powered by other than a low
voltage Class 2 or Limited Power Source circuit, the thermoelectric cooling appliance shall comply with
83D.1.1 and 83D.1.3 or the thermoelectric module shall comply with the dielectric withstand test of
83D.5.1.

83D.2 Thermoelectric cooling appliances without fans

83D.2.1 Unless tested in accordance with 83D.5.1, a thermoelectric cooling appliance without a fan shall
be connected to a supply circuit maintained as indicated in 40.1. Any heat sink on the hot side of the
thermoelectric module shall be removed, but any fuses within the thermoelectric circuit may remain. The
appliance shall be operated for not less than 7 hours or until fuses within the thermoelectric circuit open or

burnout of the

thermoelectric module occurs. The appliance shall comply with 83D.1.1.

83D.3 Thern

83D.3.1 Thig
module if the
protected in

maintained as
be electrically
one fan shall

stabilize, until
occurs. The aj

83D.4 Thern
source suppl

83D.4.1 For|
Source supply
condition, the
be applied bet|

83D.5 Diele
83D.5.1 This
other than a |

have not been

83D.5.2 Twg

noelectric cooling appliances with fans

fan motor, including a motor supplied by a Class 2 or Limited Power Source
bccordance with Section 18.2. The appliance shall be connected to a
indicated in 40.1. The heat sink shall be in place, as intended-The heat sink f
energized but the fan shall be locked to prevent turning.{f multiple fans are
be locked at a time. The appliance shall be operated until temperatures on
any fuse within the thermoelectric circuit opens©r burnout of the thermoel
pliance shall comply with 83D.1.2 (a) and (b).

noelectric circuits powered by other than:@low voltage class 2 or limited
y

a thermoelectric cooling appliance ‘powered by other than a Class 2 or L
immediately following the tests.in’83D.2.1 or 83D.3.1, while the appliance is
Dielectric Voltage Withstand test in Section 48 shall be conducted. The test
ween the live parts of the-thermoelectric module and dead metal parts.

ttric voltage withstand — 5000 volt test

test applies to athermoelectric appliance in which the thermoelectric module
bw voltage-Class 2 or Limited Power Source supply and the tests of 83D.2.1

test is applicable to any thermoelectric appliance that uses a fan to cool the fhermoelectric

circuit, is not
supply circuit
hn motor shall
brovided, only
the fan motor
ectric module

power

imited Power
till in a heated
botential shall

s powered by
and 83D .4.1

conducted.

sample modules shall be used for this test. One sample shall be conditioned f

or 40 hours at

A4 208 00\ oA EN LB ~aprnand ealod The-o chall

e conditioned

23.0x2.0°C

tralatihna b oAb, thaor caoamnla
O = O 0 ) artg 9u T o Pt Toratve Tty i ot Sar ipre—sriait

for 96 hours to moist air having a relative humidity of 90 + 5 percent at a temperature of 35.0 £ 2.0 °C (95.0

+ 3.6 °F).

83D.5.3

Immediately following the conditioning, each thermoelectric module sample, including any

sealant at the wiring lead connections, shall be wrapped with aluminum foil and a potential of 5000 volts
shall be applied between the high-voltage live parts of the module and the foil. No dielectric breakdown

shall occur.

MANUFACTU

RING AND PRODUCTION TESTS

84 Pressure Tests

84.1

the refrigerator. See 87.2.7.

Each refrigerator shall be tested and proved tight at not less than the design pressure(s) marked on
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Exception: A method other than pressure testing at the design pressure may be employed if it can be
demonstrated that the alternate test method produces results that are at least equivalent to the pressure
test method.

84.2 If the final assembly of a self-contained refrigerator is completed with flare-type fittings or
telescoped tubing joints that are sealed with solder, brazing, or the equivalent, the pressure test of the
complete system may be at the low-side design pressure provided that the high-side parts are individually
tested either by the refrigerator manufacturer or by the manufacturer of the part at not less than the high-
side design pressure.

84.3 At least once each year, the manufacturer shall conduct a strength test on refrigerant-containing or
carbon dioxide-pressured parts of the shell type, including compressor shells that have an inside diameter
greater than 3 inches (76 mm). The test is to be conducted on at least one sample of each|size and type.
The sample shall be proved tight when subjected to pressures indicated in the Strength.Tepts — Pressure
Containing C¢mponents, Section 68.

Exception: ASME Code vessels bearing the Code “U” symbol need not be retested.
85 Productjon Line Dielectric Voltage Withstand Tests

85.1 Each product shall withstand without electrical breakdown;nas a routine production-line test, the
application of|a potential at a frequency within the range of 40 — 70 hertz, or a dc potential:

a) Between the primary wiring, including connected ‘components, and accessible depd metal parts
that arg likely to become energized; and

b) Befween primary wiring and accessiblellow-voltage, 42.4 volts peak or lesy, metal parts,
including terminals.

85.2 The pfoduction-line test shall be conducted in the time and at the potential specified in either
Condition A of Condition B of Table 85.1.

Table 85.1
Production-line test conditions
Condition A Condition B
Potential, volts Time, Potential, volts Time,
Product rating VAC® vDC seconds VAC® vDC seconds

250 volts or les$ with, o motor

rated more thar-Hz2 4666 4406 66 4266 4706 1
horsepower (373 watts output)

250 volts or less with a motor

rated more than 1/2 1000 + 2V 1400 + 2.8\ 60 1200 +2.4V2 | 1700 + 3.4\° 1
horsepower (373 watts output)

251 —600 volts 1000 +2V® | 1400 + 2.8V° 60 1200 +2.4V® | 1700 + 3.4V° 1

@ Maximum marked voltage but not less than 120 volts if the maximum marked voltage is within the range 105 — 120 volts, and not
less than 240 volts if the maximum marked voltage is within the range 210 — 240 volts.

® Maximum marked voltage.

¢ Where there are capacitors across the insulation under test (e.g radio-frequency filter capacitors), it is recommended that d.c.
test voltages are used.

85.3 For equipment employing low-voltage 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
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high-voltage live parts and dead metal parts will simultaneously be applied between high-voltage live parts
and low-voltage circuits.

85.4 The test shall be conducted when the product is fully assembled. It is not intended that the product
be unwired, modified, or disassembled for the test.

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

Exception No. 2: The test may be performed before final assembly when the test represents that for the
complete product. Any component not included shall not affect the results with respect to determination of
possible risk of electric shock resulting from miswiring, defective component, insufficient spacings, and

similar conditipns.

85.5 Solid-sfate and similar components that might be damaged by a secondary effect (in
surge, excess|ve heating, and similar effects), of the test may be short-circuited by'means g
electrical jumper or the test may be conducted without the component electrically«connected
wiring and terrpinal spacings are maintained. Additionally, components providing a d.c. path i
the insulation {o be tested (primary to dead-metal) may be disconnected during the test. Exa
components
voltage supprassors (other than capacitors).

85.6 The tesf equipment shall have a means of indicating the\test potential, an audible or v
of electrical breakdown, and either a manually reset device to restore the equipment §
breakdown or|an automatic reject feature of any unacceptable unit. When an ac test poten
the test equipment shall include a transformer having an‘essentially sinusoidal output.

85.7 When the output of the test-equipment transformer is less than 500 volt-amperes, t

Huced voltage
f a temporary
providing the
n parallel with
mples of such

re discharge resistors for filter capacitors and voltage limiting devices such as transient

sual indicator
fter electrical
ial is applied,

he equipment

shall include a|voltmeter in the output circuit to.directly indicate the test potential.

85.8 When the output of the test-equipment transformer is 500 volt-amperes or more, the
may be indicaled:

test potential

a) By alvoltmeter in the grimary circuit or in a tertiary-winding circuit,
b) By alselector switch'marked to indicate the test potential, or

ble location to
uipment shall
tet switch has

¢) For equipmeént having a single test-potential output, by a marking in a readily visi
indicat¢ thetest potential. If marking is used without an indicating voltmeter, the eq
includg a positive means, such as an indicator lamp, to indicate that the manually res
been resetfottowingadietectric breakdow:

85.9 Test equipment other than that described in the preceding paragraphs may be used when found to
accomplish the intended factory control.

85.10 During the test, the primary switch is to be in the on position, both sides of the primary circuit of the
product are to be connected together and to one terminal of the test equipment, and the second test-
equipment terminal is to be connected to the accessible dead metal.

Exception: A product having circuitry — resistive, high-impedance winding, or similar circuitry — not subject
to excessive secondary-voltage build-up in case of electrical breakdown during the test may be tested:

a) With a single-pole primary switch, if used, in the off position, or
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b) With only one side of the primary circuit connected to the test equipment when the primary

switch

86 Groundi

86.1

is in the on position, or when a primary switch is not used.

ng Continuity Tests

The manufacturer shall test each refrigerator that has a power supply cord to verify electrical

continuity between the device and the grounding blade of the attachment plug as required by 13.1.

86.2 An indicating device, such as an ohmmeter, low-voltage battery- and buzzer-combination, or similar
indicating device, may be employed in the test mentioned in 86.1.

MARKING

87 General
87.1

87.1.1 A m{
etched in pe
adhesive. Pr¢
969.

87.1.2 Each

a) The
organi

b) A di
c) The
d) The
e) The

f) The

Exception No
by the brand {

Detailg

rking required to be permanent shall be molded, die-stamped,“paint-stencile
Fmanently-secured metal, or indelibly stamped on pressure-sensitive labe
ssure-sensitive labels shall comply with the Standard for Marking and Labelin

refrigerator shall be legibly and permanently marked with:

manufacturer's name, trade name, or trademark or other descriptive markin
Fation responsible for the product may be identified;

stinctive (“catalog” or “model”) number or the equivalent;
electrical rating;

kind and amount of refrigerant in pounds, or ounces, or both.
high- and low-side design pressures.

date or otherdating period of manufacture not exceeding any three consecutivi

1: Thé manufacturer's identification may be in a traceable code if the prodi
r trademark owned by a private labeler.

l, stamped, or
s secured by
j Systems, UL

) by which the

e months.

ct is identified

Exception No:

2 Thedate—of mmanufacture may be abbreviated,or may be ima 1atio

conventional code or in a code affirmed by the manufacturer, provided that the code:

a) Does not repeat in less than 20 years, and

1ally accepted

b) Does not require reference to the production records of the manufacturer to determine when the
product was manufactured.

87.1.3 With reference to (d) and (e) of 87.1.2, refrigerators may be marked with equivalent Sl units in
addition to the USA customary units of measure.

87.1.4 A Type | Display Refrigerator or Freezer shall be permanently marked to indicate that the
equipment is intended for use in a controlled ambient location such that the ambient temperature does not
exceed 24°C (75°F).
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87.1.5 A Type Il Display Refrigerator or Freezer shall be permanently marked to indicate that the
equipment is intended for use in a controlled ambient location such that the ambient temperature does not
exceed 27°C (80°F).

87.1.6 A refrigerator intended for outdoor use shall be permanently marked to so indicate. The marking
shall be located on or adjacent to the refrigerator's nameplate.

87.1.7 When a manufacturer produces refrigerators at more than one factory, each refrigerator shall
have a distinctive marking to identify it as the product of a particular factory.

87.1.8 Refrigerators shall be marked with the operating voltage, the frequency, and the total or individual
loads as indicated in 88.1 and 89.1. Permanently connected refrigerators shall also be marked with the

number of pha

87.1.9 Thei
plates located
use of keys or
so as to form 3

SEes.

hformation specified in 87.1.2, 87.1.8, and 87.2.5 — 87.3.11. shall be|on a

where they will be visible and legible after installation of the refrigerator withou
tools for removal of panels, and the like. The nameplate shall be constructed
permanent part of the assembly.

87.2 Refrigdrant

87.2.1 Reffrig
amount of ref

erators equipped with more than one refrigeration/system shall be marked t
igerant in each system. When different refrigetants are used, the kind of rg

design pressiires for the high- and low-pressure sides ‘shall be shown for each sy

refrigeration s
of the refriger:

stems shall indicate the amounts, kinds and charge pressures at an ambient ¢
hnts used in the engine and thermosiphori(s), if equipped. The design press

item shall be marked ‘design pressure’ and indicated’Separately for each item as referenced

87.2.2 With
nameplate of
need not be 1
provided indic
unit or as outl
that after char

87.2.3 In refé
cascade, orre

87.2.4 A ren

reference to 87.1.2 and 87.2.1,-the amount of refrigerant need not be ind
B remote refrigerator. See, 3-19. Except as indicated in 87.2.3, the type of re
narked, unless the remoterefrigerator employs a holding charge of refrigerg
hting that the design pressure(s) shall not be less than the values marked on th
ned in ASHRAE 15 for the refrigerant used in the system. The marking shal
hing, the equipment'shall be marked with the refrigerant used and the oil used.

brence to 8742.2, refrigerators intended to utilize carbon dioxide (R744) in a s€
mote transeritical system shall be marked with the types of refrigerants used.

note ‘vefrigerator that does not have the type of refrlgerant marked on the ng

nameplate or
t requiring the
and fastened

p indicate the
pfrigerant and
stem. Stirling
f 25°C (77°F)
ures for each
n 87.2.10.

cated on the
frigerant also
nt, if a tag is
e condensing
also indicate

condary loop,

meplate shall

atta atina-that tha niahb

have a tag or ma

(R717).

laina nat ramate-rafricarato nat [l HS
ey attachea llluluuully rat ariCTCTTTote lclllyclatul ISHRot-StHtapre—tor4Sse

nvith ammonia

87.2.5 The kind of refrigerant shall be designated by number according to the Standard for Designation
and Safety Classification of Refrigerants, ANSI/ASHRAE 34. The number shall be prefixed or suffixed with
the word “Refrigerant” or it shall be prefixed with the letter “R” or the trade name of the refrigerant.
Combinations of these marks may be used, except that employing the letter “R” and the word “Refrigerant”
in the same marking group is not acceptable.

Exception: The designation of a Proprietary Refrigerant or any refrigerant not designated by number
according to ANSI/ASHRAE 34 need not be prefixed by the letter “R” or the trade name of the refrigerant
and may be identified by the product designation or trade name prefixed by the word “Refrigerant”.
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87.2.6 Examples for refrigerant marking are as follows: R 12, Refrigerant 12, or 12 Refrigerant; (Trade
Name) 12, (Trade Name) R 12, or (Trade Name) 12 Refrigerant, as shown in the Standard for Designation
and Safety Classification of Refrigerants, ANSI/ASHRAE 34.

87.2.7 Except as indicated in 87.2.8 and 87.2.9, the high- and low-side design pressures marked on the
refrigerator shall be not less than the values recorded during the Temperature and Pressure Test, Section
44, nor less than the applicable value indicated in Table 87.1.

Table 87.1
Minimum design pressure

Minimuom destgm pressure, psig(kPa)
High-side
Refrigerant® Low-side Air-cooled Water cqoled
134A 88 (606) 186 (1282) 135 (930)
401A 85 (586) 182 (1255) 133 (917)
401B 93 (641) 195 (1344) 143 (986)
402A 183 (1262) 347 (2394) 265 (1828)
402B 170 (1172) 324 (2234) 247 (1703)
404A 174 (1200) 331 (2281) 253 (1745)
502 162 (1117) 300 (2067) 232 (1599)
507 180 (1242) 344 (2374) 262 (1808)
744° 955 (6685) 1058 (7295) 1058 (7295)
@ For other frefrigerants, the minimum design pressure shallnot be less than the saturation pressure of the reffigerant at
the following temperatures:
26.5°C (80°F) for low-sides
40.5°C (105°F) for water-cooled*high-sides
51.7°C (125°F) for air-cooled high-sides
b Used in alself-contained or unitary system.

87.2.8 In reference to 87.2.7; the design pressures marked on a refrigerator intended tq| utilize carbon
dioxide (R744) in a secondary loop, cascade, or remote transcritical system shall be not lesq than 500 psig
(3448 kPa).

Exception: If the:refrigerator does not use a hot gas defrost system, then the marked minjmum low-side
design pressyre.nay be not less than 300 psig (2069 kPa).

87.2.8.1 With reference to 87.2.7, the high-side design pressure of a self-contained transcritical
refrigeration system using carbon dioxide (R-744) as the refrigerant and equipped with a pressure relief or
pressure limiting device in accordance with 36.1.1 shall be not less than the values recorded during the
Temperature and Pressure Test, Section 44 nor less than 2030 psig (14 MPa ).

87.2.8.2 Equipment having a transcritical refrigeration system and employing an intermediate pressure
section shall be marked with the design pressure of the intermediate side.

87.2.9 The design pressures marked on a laboratory refrigerator or freezer with a limited charge system
shall be not less than the values recorded during the temperature and pressure test, Section 44, nor less
than the static pressure of the refrigeration system recorded during the Static Pressure Test, Section 83A,
when measured at the appropriate temperature referenced in note a to Table 87.1.
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87.2.10 The design pressures marked on refrigerator or freezer with a Stirling refrigeration system shall

be not less tha

n the values recorded during the Temperature and Pressure Test, Section 44.

87.3 Other markings

87.3.1

Refrigerators incorporating accessible general purpose receptacles connected to the same

electrical source as that supplying the refrigerator shall be marked to include the receptacle load as

follows:

a) A load equal to 80 percent of the receptacle rating if a single receptacle is supplied.

b) A load equal to the rating of the largest receptacle if more than one receptacle is supplied.

Exception: Th

87.3.2 A ref
same electricg
rated less tha
follows:

a) With

b) With
itis cle

87.3.3 When parts or sections of a refrigerator are.separately shipped from the factory

nameplate for
the primary n
another when
manufacturer'

8734 A re
provides protg
Thermally Prg
unless the mo

87.3.5 A re
accordance W
Protected Sys

s marking need not be provided if the refrigerator is marked as specified in87Z.;

figerator incorporating an accessible general purpose receptacle that is con
| circuit as that supplying the refrigerator and protected by an overcurrent proj
n the rating of the receptacle as specified in the Exception, to 26.2 shall k

the receptacle load(s), in amperes, as part of the refrigérator nameplate rating

the load for each individual receptacle, in amperes; on or adjacent to the rec
brly visible to the user.

the refrigerator shall comply with the requirements of 87.1.9, and the section
ameplate shall be permanently marked in a manner that will relate the se
they are installed in the field. The parts or sections shall be permanently mz
5 or private labeler's name or idéentifying symbol and a distinctive model or type

rigerator that incorporates a hermetic motor-compressor with a thermal
ction in accordance with the requirements in 17.3(b) shall be marked “Moto
tected” or with ansequivalent statement to reference the motor-compresso
or-compressor(s).is marked “Thermally Protected.”

frigerator/that incorporates a complete protective system that provides
ith the (requirements specified in 17.3 (d) shall be marked “Motor-Compres
em,™orwith an equivalent statement to reference the motor-compressor(s) in\

B.2.

nected to the
tective device
e marked as

, and

bptacle where

, the primary
incorporating
ctions to one
rked with the
designation.

brotector that
r-Compressor
r (s) involved,

protection in
sor Thermally
olved.

87.3.6 Wher

grefrigeratorisintendedto be disassembted by means of atoot forthepurpo

se of cleaning

or similar servicing and if such disassembly involves the exposure of persons to unintentional contact with
any otherwise enclosed or protected moving part, hot part, or uninsulated live part, the refrigerator shall be
permanently marked with the word “CAUTION” or “WARNING”and the applicable statement(s) indicated in
Table 87.2. The warning marking shall be in letters no less than 1/8 inch (3.2 mm) high and shall be
located so as to be visible before or immediately upon removal of a cover, panel, or similar part that
encloses or protects the moving part, hot part, or live part. The marking shall not be on the back of a
removable cover or panel.
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Table 87.2
Warning markings

Moving parts Uninsulated live parts Hot parts
Moving Parts. Do Not Operate Unit Risk of Electric Shock. Disconnect Hot Parts. Do Not Operate Unit With
With @ Removed Power Before Servicing Unit @ Removed

@ Specify appropriate part.

87.3.7 With respect to 87.3.6, when the marking is located on a removable panel or cover, the design of
the panel or cover, or its means of attachment is to be such that replacement will not obscure the warning.

87.3.8 Whep-a-supperting-device-as-deseribecn-54-3-isrequired-forecomphanece-with-thg Stability Test,
Section 54, and is not permanently fixed in position, the refrigerator shall be marked)with the word
“CAUTION” gnd the following or equivalent text: “Door Support Device Needed For Stability. Do Not
Defeat Its Function.” The warning marking shall be located adjacent to the supporting-member so as to be
visible when the door is opened at an angle of 90 degrees with the cabinet.

87.3.9 Whep a replaceable fuse is provided for overcurrent protection of ‘a‘transformer off control circuit
conductor (sqe 11.3.3 — 11.3.6, 28.4.3 and 29.3.5), the refrigerator shall be marked with|the maximum
current rating| of the fuse. This marking, which may be a paper sticker-or decal, shall be gdjacent to the
fuseholder.

Exception: When supplementary fuses are used in accordance with the Exception to 28.4.3 and 29.3.5,
the marking shall also include the fuse manufacturer's or private labeler's name, catalog dgsignation, and
fuse voltage rating.

87.3.10 A pressurized product system consisting.6hly of tubing, hose, or both (with or withput dispensing
valves), and |that does not incorporate a pressure relief valve, shall be marked with [the maximum
acceptable pressure to be employed in the system.

87.3.11 A rdgfrigerator intended to utilize carbon dioxide (R744) in a secondary loop, cascade, or remote
transcritical system shall be provided with markings which indicate:

a) That the refrigerator-is-for use with R744 (carbon dioxide) system components wheere the design
pressyre of the refrigerator is not less than the design pressure of the associated components; and

b) If uch a refrigerator contains a pressure vessel within the R744 loop or system but is not
provided withsany pressure relief or pressure regulating relief valves, a marking shall be located
where|visible to the installer indicating that the refrigerator is not provided with any
or pre: : . 3 :
adequate shall be field-installed on the system. The marking should refer to the installation
instructions provided by the equipment manufacturer.

87.3.12 Pressure regulating relief valves shall be provided with the following or equivalent marking: “Do
not defeat, cap, add piping to the outlet of the valve or attempt to change the relief setting”.

87.3.13 Additional marking requirements are specified in 9.2.17, 9.4.5, 9.4.6 and 38.2.1.

87.3.14 For products intended to be used within a motor fuel dispensing facility, “See installation
Instructions for Suitable Mounting Location”, or equivalent, shall be marked in a location that is visible
during installation of the unit.

87.3.15 For products intended to be used within a motor fuel dispensing facility and intended for
installation in accordance with 5.5.1(b) or for use with a stand as referenced in 5.5.4, the marking “For use
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