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INTRODUCTION

1 Scope

1.1  These requirements cover self-contained, refrigerated vending machines intended for connection to

alternating-current circuits rated 600 volts or less in accordance with ANSI/NFPA 70. Vending machines
covered by these requirements:

a) Incorporate refrigeration systems of the air-cooled or water-cooled type employing hermetic

refrige

rant motor-compressors;

b) May be battery operated;

c) Ma
Emploj

d) May

1.2 Theser
fuel dispensi
Refrigerated

defined by NH

1.3 These 1
than 250 volts
refrigerated p

2 Units of measurement

2.1 Values
approximate i

3 Terminolggy

3.1
by the vender

3.2 The tern
machine or p3

The term "product," as used in this standard, refers to the refrigerated product as store

y employ flammable refrigerant as defined in Requirements for Refrige
ying a Flammable Refrigerant in the Refrigerating System, Supplement SA;

employ thermoelectric chilling systems.

bquirements also cover refrigerated vending machines intended-for installatio
ng facilities in accordance with Supplement SB of this~Standard: Reqg
Vending Machines Intended for Installation within Moter ‘Fuel Dispensing Fa
PA 30A.

equirements do not cover vending machines, incorporating universal motors
, hor vending machines which have a principalfunction other than storage ang
roducts; nor to vending stations, that is, freestanding stationary structures for o

btated without parentheses are‘the requirement. Values in parentheses are
hformation.

rt thereof covered by this standard unless specifically noted otherwise.

ated Venders

n within motor
uirements for
Cilities, and as

rated at more
dispensing of
utdoor use.

explanatory or

J or dispensed

h "vender/" as used in this standard, and as defined in 5.40, refers to a refriggrated vending

4 References

4.1
interpreted as

referring to the latest edition of that code or standard.

ANSI Standards

Any undated reference to a code or standard appearing in the requirements of this standard shall be

ANSI Z97.1, Safety Glazing Materials Used In Buildings — Safety Performance Specifications And
Methods Of Test

ASHRAE Sta

ndards

ASHRAE 15,

Refrigeration Systems
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ASHRAE 34, Designation and Safety Classification of Refrigerants

ASTM Standards

ASTM A90/A90M, Test Method of the Standard Test Method for Weight [Mass] of Coating on Iron and
Steel Articles with Zinc or Zinc-Alloy Coatings

ASTM A653/A653M, Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot-Dip Process

ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers — Tension

ASTM E162,
Source

ASTM E230/

Standardized

ASTM E659, 1

ASTM E681, 1

IEC Standard
IEC 60079-11
IEC 60079-15

IEC 60079-20
Classification

IEC 60127-1,
Miniature Fusé

IEC 60335-1,

IEC 60529, Deé

Standard Test Method for Surface Flammability of Materials Using a Radiah

F230M, Standard Specification and Temperature-Electromotive \Force (en
Thermocouples

lest Method for Autoignition Temperature of Liquid Chemicals

lest Method for Concentration Limits of Flammabilitysef Chemicals (Vapors ang

17
1

Explosive Atmospheres — Part 11: Equipment Protection By Intrinsic Safety
2010, Explosive Atmospheres — Palt*15: Equipment Protection By Type Of Prq

L1, The Explosive Atmospheres — Part 20-1: Material Characteristics for Ga
- Test Methods and Data

Miniature Fuses: Rart 1, Definitions for Miniature Fuses and General Req
p-Links

Safety of Household and Similar Electrical Appliances, Part 1: General Require

grees-of Protection Provided by Enclosures (IP Code)

Heat Energy

f) Tables for

Gases)

I

tection “n

s and Vapour

uirements for

ments

IEC 61000-4-3;Efectrormagretic compatibitity tEMC)—Part =3 Testing and-Measurermert Techniques —

Radiated, Radio-Frequency, Electromagnetic Field Immunity Tes

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and Measurement Techniques —

Electrical Fast

Transient/Burst Immunity Test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and Measurement Techniques —
Surge Immunity Test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and Measurement Techniques —
Immunity to Conducted Disturbances, Induced by Radio-Frequency Fields

IEC 61000-4-11, Electromagnetic Compatibility (EMC) — Part 4-11: Testing and Measurement Techniques
— Voltage Dips, Short Interruptions and Voltage Variations Immunity Tests
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IEC 61000-4-13, Electromagnetic compatibility (EMC) — Part 4-13: Testing and Measurement Techniques
— Harmonics and Interharmonics Including Mains Signalling at a.c. Power Port, Low Frequency Immunity
Tests

IEC 61000-4-34, Electromagnetic Compatibility (EMC) — Part 4-34: Testing and Measurement Techniques
— Voltage Dips, Short Interruptions and Voltage Variations Immunity Tests for Equipment with Input
Current More Than 16 A Per Phase

ISA Standards

ISA 12.12.01:2015, Nonincendive Electrical Equipment for Use in Class | and Il, Division 2 and Class llI,
Divisions 1 and 2 Hazardous (Classified) Locations

NEMA Standprds

NEMA WD6, Wiring Devices — Dimensional Requirements

NFPA Standdrds

NFPA 30A, Cpde for Motor Fuel Dispensing Facilities and Repair Garfages
ANSI/NFPA 70, National Electrical Code

NFPA HAZ01} Fire Protection Guide to Hazardous Materials

SAE Standards

SAE J513, Reéfrigeration Tube Fittings — Genefal Specifications

UL Standards
UL 1, Flexiblg Metal Conduit

UL 4, Armorefl Cable

UL 6, Electrical Rigid(Metal Conduit — Steel

UL 20, Generpl-Usé Snap Switches

UL 44, Thermoset-Insulated Wires and Cables

UL 62, Flexible Cords and Cables

UL 83, Thermoplastic-Insulated Wires and Cables

UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances
UL 101, Leakage Current for Appliances

UL 157, Gasket and Seals

UL 207, Refrigerant-Containing Components and Accessories, Nonelectrical
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UL 224, Extruded Insulating Tubing

UL 244A, Solid-State Controls for Appliances

UL 248-1, Low-Voltage Fuses — Part 1: General Requirements

UL 248-4, Low-Voltage Fuses — Part 4: Class CC Fuses

UL 248-5, Low-Voltage Fuses — Part 5: Class CC Fuses

UL 248-8, Low-Voltage Fuses — Part 8: Class J Fuses

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

UL 248-10, Low-Voltage Fuses — Part 10: Class L Fuses

UL 248-11, Lo
UL 248-12, Lo
UL 248-14, Lo
UL 248-15, Lo
UL 252, Comp
UL 310, Electr
UL 340, Comg
UL 429, Electr
UL 486A-486H
UL 486C, Spli

UL 486E, Equ

W-Voltage Fuses — Part 11: Plug Fuses
w-Voltage Fuses — Part 12: Class R Fuses
w-Voltage Fuses — Part 14: Supplemental Fuses
w-Voltage Fuses — Part 15: Class T Fuses
ressed Gas Regulators

ical Quick-Connect Terminals

arative Flammability of Liquids

ically-Operated Valves

, Wire Connectors

ting WireGonnectors

lomentWiring Terminals for Use with Aluminum and/or Copper Conductors

UL 489, Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures

UL 489A, Circuit Breakers For Use in Communications Equipment

UL 496, Lampholders

UL 498, Attachment Plugs and Receptacles

UL 499, Electric Heating Appliances

UL 508, Industrial Control Equipment

UL 508C, Power Conversion Equipment
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UL 510, Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape

UL 514A, Metallic Outlet Boxes

UL 514B, Conduit, Tubing, and Cable Fittings

UL 514C, Nonmetallic Outlet Boxes, Flush Device Boxes, and Covers

UL 514D, Cover Plates for Flush-Mounted Wiring Devices

UL 542, Fluorescent Lamp Starters

UL 635, Insul

UL 719, Nonn

UL 723, Standlard Test Method for Surface Flammability of Materials Using a.Radiant Heat B

UL 746C, Pol

UL 746E, Po
Materials Us¢g

UL 758, Appli
UL 797, Elect|
UL 810, Cap4
UL 817, Cord

UL 840, Insul

UL 870, WireWways, Auxiliafy. Gutters and Associated Fittings

UL 917, Cloct

hting Bushings

hetallic Sheathed Cables

meric Materials — Use in Electrical Equipment Evaluations

lymeric Materials — Industrial Laminates, Filamenb Wound Tubing, Vulcaniz
d in Printed Wiring Boards

ance Wiring Material

rical Metallic Tubing — Steel
citors

Sets and Power Supply Cords

htion Coordination-Ineluding Clearances and Creepage Distances for Electrica

-Operated Switches

UL 935, Fluon

escent-Lamp Ballasts

UL 943, Ground Fault Circuit Interrupters

UL 969, Marking and Labeling Systems

UL 1004-1, Rotating Electrical Machines — General Requirements

UL 1004-2, Impedance Protected Motors

UL 1004-3, Thermally Protected Motors

UL 1004-7, Electronically Protected Motors

UL 1012, Power Units Other Than Class 2

nergy Source

ed Fibre, and

Equipment
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UL 1029, High-Intensity-Discharge Lamp Ballasts

UL 1030, Sheathed Heating Elements

UL 1059, Terminal Blocks

UL 1077, Supplementary Protectors for Use in Electrical Equipment

UL 1283, Electromagnetic Interference Filters

UL 1310, Class 2 Power Units

UL 1412, Fusi

hg Resistors and Temperature-Limited Resistors for Radio- and Television~Typ

UL 1434, Thefdmistor-Type Devices

UL 1441, Coa
UL 1446, Insu
UL 1449, Surg
UL 1557, Elec|
UL 1565, Posi
UL 1577, Opti
UL 1642, Lithi
UL 1703, Flat-

UL 1741, Iny
Distributed En|

UL 1977, Com

ed Electrical Sleeving

ating Materials — General

e Protective Devices

frically Isolated Semiconductor Devices
fioning Devices

bal Isolators

Um Batteries

Plate Photovoltaic Modules and Panels

erters, Converters, Controllers and Interconnection System Equipment
ergy Resources

[ponent\Connectors for Data, Signal, Control and Power Applications

UL 2054, Hou

e Appliances

for Use With

sehold and Commercial Batteries

UL 2182, Refrigerants

UL 4248-1, Fuseholders — Part 1: General Requirements

UL 4248-4, Fuseholders — Part 4: Class CC

UL 4248-5, Fuseholders — Part 5: Class G

UL 4248-8, Fuseholders — Part 8: Class J

UL 4248-9, Fuseholders — Part 9: Class K

UL 4248-11, Fuseholders — Part 11: Type C (Edison Base) and Type S Plug Fuse
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UL 4248-12, Fuseholders — Part 12: Class R

UL 4248-15, Fuseholders — Part 15: Class T

UL 5085-1, Low Voltage Transformers — Part 1: General Requirements

UL 5085-2, Low Voltage Transformers — Part 2: General Purpose Transformers

UL 5058-3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

UL 8750, Light Emitting Diode (LED) Equipment For Use in Lighting Products

UL 60065, Au
UL 60079-114
UL 60079-15,
UL 60335-1, 4

UL 60335-2-3
Motor-Compr

UL 60384-14
Capatcitors fo

UL 60691, Th
UL 60730-1, 4

UL 60730-2-6
Pressure Sen|

UL 60730-2-9
Controls

UL 60939-3,
Units for Whid

dio, Video and Similar Electronic Apparatus — Safety Requirements

P013, Explosive Atmospheres — Part 11: Equipment Protection By Intrinsic Saf
Explosive Atmospheres — Part 15: Equipment Protection By Type “Of Protectio
Household and Similar Electrical Appliances, Part 1: General Requirements

4, Safety of Household and Similar Electrical Appliancés, Part 2: Particular Re
PSSOrS

Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Spec
[ Electromagnetic Interference Suppression and Connection to the Supply Mail

ermal-Links — Requirements and Application Guide
\utomatic Electrical Controls—Part 1: General Requirements

, Automatic Electrical Controls — Part 2-6: Particular Requirements for Auton
sing Controls Including Mechanical Requirements

, Automatic Electrical Controls — Part 2-9: Particular Requirements for Tempe

Passive Filter Units for Electromagnetic Interference Suppression — Part 3:

%

ety “i

Il

nn

quirements for

fication: Fixed
NS

natic Electrical

rature Sensing

Passive Filter

h. Safety Tests are Appropriate

UL 60950-1, Information Technology Equipment — Safety — Part 1: General Requirements

UL 61058-1, Switches for Appliances — Part 1 General Requirements

5 Glossary

5.1

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

5.2 ACCESSORY - A device or component intended for installation in or connection to a vender for the
purpose of modifying or supplementing the functions of the vender. It is intended for installation by the
serviceman or another equally qualified person in the field. An accessory may be dependent upon the

vender for ele

ctrical power, signaling, switching, or the like.
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5.3 ADJUSTABLE SPEED DRIVE — A combination of power converter, inverter, motor, and motor-
mounted auxiliary devices such as encoders, tachometers, thermal switches and detectors, air blowers,
heaters, and vibration sensors.

5.4 ADJUSTABLE SPEED DRIVE SYSTEM - An interconnected combination of equipment that
provides a means of adjusting the speed of a mechanical load coupled to a motor. A drive system typically
consists of an adjustable speed drive and auxiliary electrical apparatus.

55 AUTOMATIC VENDER — A vender which delivers a product electromechanically by the use of
motors or solenoids or both.

5.6 BARRIER — A partition for isolating high-voltage electrical components, separating ignition sources

from flammabil

5.7 CABINH
enclosures, m
cause injury tg

5.7.1
where failure
connected ac
electric shock

CAPA(

5.8 CAPILLA
and used to

regulates the refrigerant flow.

59 CELL-T

5.10 CHAR(
charge a batte

511 COMP(
dedicated to th
g. luminaire)
device or fab

b

e materials, isolating moving parts and protection of wiring.

T — The part of the equipment that provides physical protection' o ins
oving parts, motors, enclosed electrical parts, refrigeration tubing. or other p
persons.

ITOR, CLASS Y — Capacitor or resistor-capacitor unit of atype suitable for us|
the capacitor could lead to danger of electric shock. ,(Examples would incly
ss the primary and secondary circuits where electrical isolation is required

pr between hazardous live parts and accessible patis.)

ARY TUBE — Device made of tubing with an_outer diameter of less than 3/16
reduce the pressure of the refrigerant between the condenser and evap
[he basic photovoltaic device that generates electricity when exposed to sunlig
5E CONTROLLER — Equipment that controls dc voltage or dc current, or

ry.

at purpose. If incorporated in a vender, a product that is otherwise typically fie

ficated part,vsuch as aluminum or copper, are not considered componen

components

components afe intended for use only under specific, limited conditions, such as certain ten
exceeding spqgcifiedlimits.

re incomplete in construction features or restricted in performance capa

Llated wiring,
arts that may

e in situations
de capacitors
to prevent an

in. (4.7 mm)
brator. It also

ht.

both, used to

DNENT — A device-Orfabricated part of the vender covered by the scope of a safety standard

d installed (e.

s considered\to“be a component. Unless otherwise specified, materials that compose a

ts. Generally,
bilities. Such
peratures not

512 CONTROL, OPERATING — A device or assembly of devices, the operation of which starts or
regulates the end product during normal operation. For example, a thermostat, the failure of which a
thermal cutout/limiter or another layer of protection would mitigate the potential risk of fire, electric shock,
or injury to persons is considered an operating control. Operating controls are also referred to as
"regulating controls." Appendix A specifies control functions that are not considered to result in a risk fire,
electrical shock, or injury to persons.

5.13 CONTROL, PROTECTIVE — A device or assembly of devices, the operation of which is intended to
reduce the risk of electric shock, fire or injury to persons during normal and reasonably anticipated
abnormal operation of the appliance. For example, a thermal cutout/limiter, or any other control/circuit
relied upon for normal and abnormal conditions, is considered a protective control. Protective controls are
also referred to as "limiting controls" or "safety controls" and are investigated under normal and single-fault
conditions. Appendix A specifies control functions that are considered to result in a risk fire, electrical
shock, or injury to persons. Such functions may also be known as "safety critical.”
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5.14 CONVERTER - A device that accepts ac or dc power input and converts it to another form of ac or
dc power.

5.15 ELECTRONIC COMPONENT — A part in which electrical conduction is achieved principally by
electrons moving through a vacuum, gas or semiconductor. A metal oxide varistor (MOV) is considered to
be an electronic component, but neon indicators are not.

©IEC This definition is reproduced from IEC 60335-1, Ed. 5.1 b:2013 with permission of the American National Standards Institute
(ANSI) on behalf of the International Electrotechnical Commission. All rights reserved.

516 ELECTRONIC DISCONNECTION — The de-energizing of a load within an appliance by an
electronic device of a circuit. No electro-mechanical component having an air gap, such as a switch,
contactor or refay s Usedto de-energize the toad:

©IEC This definifion is reproduced from IEC 60335-1, Ed. 5.1 b:2013 with permission of the American National §tandards Institute
(ANSI) on behalfof the International Electrotechnical Commission. All rights reserved.

5.17 ENCLQSURE - The part of the equipment that does one or more of the foellowing:
a) Isolates ignition sources;

b) Renders inaccessible all or any part(s) of the equipment'that may otherwise present a risk of
electri¢ shock; or

c) Retards propagation of flame initiated by electricaldisturbances occurring within.

5.18 FUNCTIONAL PART — A part other than an enclosure or cabinet used to maintaifn the intended
relative physigal position of fixed or moving parts, ormaintain the integrity of the structure.

5.19 GROUNDING, FUNCTIONAL — Grounding of a point in an appliance which is ng¢cessary for a
purpose othef than safety.

5.20 HIGH YOLTAGE CIRCUIT - A high-voltage circuit is one involving a potential of not nore than 600
volts and having circuit characteristics in excess of those of a low-voltage circuit as defined ip 5.25.

5.21 IGNITIDN SOURCE —Any high-voltage electrical component not located within an erfclosure.

5.22 INTENPED LQCATION:

a) INDOOR"— Located inside a building and consequently not subjected to the effects of
weathering.

b) PROTECTED - Located in an area which is partially protected from the effects of weathering
through the use of a roof, canopy, marquee, or the like.

¢) OUTDOOR - Located in the open and subjected to the full effects of weathering.

5.23 INTERACTIVE SYSTEM - A solar photovoltaic system providing power to a vender and operating
in parallel with and may deliver power to an electrical production and distribution network.

5.24 INVERTER - Equipment that is used to change voltage level or waveform, or both, of electrical
energy and typically changes dc input to an ac output.

5.25 LOW-VOLTAGE CIRCUIT — A low-voltage circuit is one involving a potential of not more than 30
volts alternating current, 42.4 volts peak or direct current, and supplied by a standard Class 2 transformer
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or by a suitable combination of transformer and fixed impedance having output characteristics in
compliance with those required for a Class 2 transformer.

526 MAXIMUM OPERATING CURRENT (MOC) — The current resulting when an electric motor and
adjustable speed drive or drive system are operated under any conditions such as maximum
speed/maximum load, maximum speed/minimum load, minimum speed/minimum load, minimum
speed/maximum load, including locked-rotor such that current to the motor/adjustable speed drive or drive
system is at a maximum.

5.27 MAXIMUM RATED CURRENT (MRC) — The current resulting when a hermetic refrigerant motor-
compressor and adjustable speed drive or drive system are operated under any conditions such as
maximum speed/maximum load, maximum speed/minimum load, minimum speed/minimum load,
minimum sTed/maximum load, including locked-rotor such that current te [ the motor-
compressor/adjustable speed drive or drive system is at a maximum.

5.28 MODULE — A complete, environmentally protected unit consisting of solar'eells, optjcs, and other
components, ¢xclusive of a solar tracker mechanism, designed to generate de\power whgn exposed to
sunlight.

5.29 MOTOR CONTROLLER - Any device normally used to start and stop a motor, such as a switch,
thermostat, prgssure limiting control, or the like.

5.30 NONAUTOMATIC VENDER - A vender which delivers. a product by requiring the customer to
operate the veinding mechanism by moving a lever, knob, bottle, or the like.

5.31 NONFUNCTIONAL PART — A part of the equipment that does not perform a specific fyinction.

5.32 NONFUNCTIONAL PART, SMALL — A nonfunctional part having an area of less thgn 1 ft? (0.093
m?) located s¢ it cannot propagate flame from’ one area to another, and does not connéct a possible
source of ignitfon to the other ignitable parts;

5.32.1 POTENTIALLY HAZARDOUS FOOD - A natural or synthetic substance intendgd for internal
human consumption and which_requires temperature control since it is capable of supporfing growth of
toxic microorganisms.

5.33 PROTRCTIVE EEECTRONIC CIRCUIT (PEC) — An electronic circuit that prevents|a risk of fire,
electric shock pr injury to'persons under abnormal operating conditions.

©IEC This definitipn is, réproduced from IEC 60335-1, Ed. 5.1 b:2013 with permission of the American National Sjandards Institute
(ANSI) on behalf af the International Flectratechnical Commission All rights reserved

5.34 ROUTE PERSON - The person who regularly opens a vender for such purposes as cleaning,
inserting/removing currency or coins, replenishing the product supplied, and making minor adjustments.

5.35 SERVICE PERSON - The person who may periodically open a vender to repair or maintain
electrical and mechanical components.

5.36 SOLAR PHOTOVOLTAIC (PV) SYSTEM - The total components and subsystems that, in
combination, convert solar energy into electric energy suitable for connection to a load such as a vender.

5.37 STAND-ALONE SYSTEM - A solar photovoltaic system that supplies power independently of an
electrical production and distribution network. Such a system is not intended to be connected to an
electrical production and distribution network.
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5.37.1 SWITCH MODE POWER SUPPLY UNIT — Electronic device incorporating transformer(s) and
electronic circuitry (ies), that converts electrical power into single or multiple power outputs by rapidly
switching a solid-state device on and off. It may also isolate the input circuit from the output circuit and
regulate and/or convert the output voltage and current. The device may consist of one or more individual
units with identical or different waveforms and frequencies including dc output.

5.38 THERMISTOR - A thermally sensitive semiconductor resistor, which shows over at least part of its
resistance/temperature characteristic a significant non-linear change in its electrical resistance with a
change in temperature. A thermistor may be either of the positive temperature coefficient (PTC) type or of
the negative temperature coefficient (NTC) type.

5.39 VENDER, THERMOELECTRIC - A refrigerated vender in which the product to be vended is chilled
by applying direct current supply source to a semiconductor thermoelectric modyle creating a
temperature gradient which transfers heat from one surface to another (may also be known|as the "Peltier
Effect").

5.40 VENDERS (OR REFRIGERATED VENDING MACHINES) — Any self-sefvice device fhat dispenses
products or merchandise without the necessity of replenishing the device between each vending operation
and designed]|to require insertion of a coin, paper currency, token, card, key.or receipt of payment by other
means. Refrigerated vending machines are self-contained, completely)factory-made and|factory-tested
assemblies tg which no refrigerant-containing parts are connected jn\the field.

5.41 VOLTAGE FOLDBACK — A circuit design feature intended to protect the power|supply output
transistors. When overcurrent is drawn by the load, the supply reduces the output voltage jand current to
within the saf¢ power dissipation limit of the output transistors.
CONSTRUCTION

6 General

6.1 The asgembly shall be constructed so that the public, route person, and service person will be
protected agdinst unintentional contactwith uninsulated live parts. See Electrical Enclosureq, 13.3.

6.2 Enclosures for an indiyidual electrical component, or a group of components, outer|cabinets, and
combinations|of the two, are considered in determining compliance with the requirement in §.1.

6.3 Combudtible or(electrically conductive thermal insulation shall not contact uninsulated [ive parts. See
Insulation Registance Test, Section 66.

6.4 Except formechanicat-partswhich-are mecessarity exposedduringintendedoperation, the rotors of
motors, pulleys, belts, gears, and the like, shall be enclosed or guarded to protect the public, route person,
and service person against unintentional contact.

6.5 A vender shall be assembled so that removal and replacement of tanks and containers,
replenishment of the product, and the like, will not result in damage to electrical components and wiring, or
to refrigerant-containing components.

6.6 Electrical components shall be located or enclosed so that:

a) Liquid due to splashing, leakage, overflow, or condensation will not drain on or be drawn onto
uninsulated live parts; and

b) Product materials will not contact uninsulated live parts if spilled.
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6.7 If a failure of a liquid container, hose, fitting, or product line provided as part of a vender would result
in a risk of electric shock or injury to persons, these components shall be of material which is resistant to
corrosion by the liquid intended to be used therein and shall have the necessary strength for the pressures
involved. See Strength Tests, Section 83.

6.8 A switch, lampholder, an attachment plug receptacle, a motor attachment plug, or similar component
shall be secured in position and shall be prevented from turning. See 6.9.

Exception No. 1: The requirement that a switch be prevented from turning will be waived if all of the
following conditions are met:

a) The switch is a plunger or other type that does not tend to rotate when operated. A toggle switch
is consjderedTo be subject 1o forces hat tend to tarn the switch aarning the operation gf the switch.

b) Means of mounting the switch make it unlikely that operation of the switch wifl lo6sén it.

c) The pacings are not reduced below the minimum required values if theyswitch rotdtes.

d) Operation of the switch is by mechanical means rather than direct-¢ontact by persons.
neon pilot or

from turning if

2: A lampholder of a type in which the lamp cannot be‘replaced, such as 3
n which the lamp is sealed in a nonremovable jewel;~fieed not be prevented
{ reduce spacings below the minimum acceptable values.

Exception No.
indicator light
rotation canno

6.9 The me
surfaces. A to
as means for
means from tu

6.10 An unin

or mounting syrrface so that it will be prevented from turning or shifting in position if such mot

in a reduction

6.11 Friction
but a lock was

6.12 A vend
with means fo

6.13 Avend

ns for preventing rotation mentioned in 6,8 ‘shall consist of more than frig
bthed lock washer that provides both spring‘take-up and an interference lock
preventing a small stem-mounted swijtch’ or other device having a single-
rning.

sulated current carrying part and:a part that supports a live part shall be securs
n spacings below the minimum acceptable values specified in 50.2.

between surfaces is‘not acceptable as a means to prevent shifting or turning
her as described in6.9 is acceptable.

er which provide for the storage of carbon dioxide cylinders, or the like, sha
retainingythe cylinders in position.

tion between
is acceptable
ole mounting

ed to the base
on may result

of a live part

| be provided

br. shall be equipped to prevent the dispensing of a free product or coins by ro

cking or tilting

the vender. Se

Exception: The test in Wireways, Auxiliary, Gutters and Associated Fittings, Section 46, need not be
conducted if the vendor is rigidly secured to a wall, pillar, floor or other permanent part of a building

structure.

6.14 Acomp

onent 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;

d) Comply with the applicable requirements of this end product standard; and
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e) Not contain mercury.

Exception: A
component re

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

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

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

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

6.15 A conj
protection, g
combination t
products that

6.16 Ferrou
as plating or g

a)To g

b) Within the bonding or grounding path.

7 Nonmetallic Parts

71
Nonmetallic
Nonmetallic M

7.2 In additi
directly suppg

8 Nonmetallic Materials

8.1 Materia
tests specifieq

8.2 Material

All nonmetallic parts, except for small nonfanctional parts shall comply with the rg

ponent that is also required to perform other necessary functions, such elas overcurrent
ound-fault circuit interruption, surge suppression, any other similarfungtions, or any
hereof, shall comply additionally with the requirements of the applicable standard(s) covering
provide those functions.

5 metal parts shall be protected against corrosion by metallic\or nonmetallic
ainting if they are used as follows:

coatings, such

upport or retain electrical components in position; or.

quirements in

$ection 9 and

J

Materials, Section 8, Nonmetallic-Material Ignition Sources Separation,
aterial Application and Location, Section 10 and Table 92.1.

ulation or that

~
N -

pn to the requirement in 7.1, nonmetallic materials that serve as electrical ins
rt live parts shall comply with the requirements for electric insulation in UL 746

s shall beclassified with respect to flammability characteristics that are esta
in UL 94

blished by the

b to flame and

s.shall be assigned flammability ratings based on greatest to least resistanc

are identified

’ ’ ) ) ) ) ) ’

8.3 With reference to 8.2, the assigned flammability rating shall be appropriate for the material-use

application in
92.1.

accordance with Nonmetallic Material Ignition Sources Separation, Section 9, and Table

9 Nonmetallic Material Ignition Sources Separation

9.1

Parts formed from nonmetallic materials that are rated HB or HBF and positioned as shown in Figure

9.1 shall be separated from ignition sources by means of a barrier, extending at least to the boundary

surface of the

space whenever such parts are located:

a) Below an ignition source and within Space A of Figure 9.1;

b) Above an ignition source and within Space B of Figure 9.1; and
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c¢) In the vertical plane relative to an ignition source and within Space C of Figure 9.1.

9.2 TheHB(

Figure 9.1

Separation of ignition sources from nonmetallic materials
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2514C

r HBF materials referenced by 9.1 shall be located such that the distance betw

een:

a) High-voltage wiring_not ‘employing VW-1 insulation and the HB or HBF materigls shall be a

minimy

b) Any
mm).

m of 2 inches (63 mm); and

other ignition source and the HB or HBF materials shall be a minimum of

9.3  With refe

 inches (102

rence to 9.2 and Figure 9.1, the minimum distance for HB or HBF materials lod

ated:

a) Above the ignition source shall be as shown in Distance X +Y; and

b) In the vertical plane relative to the ignition source shall be as shown in straight-line Distance Z.

10 Nonmetallic Material Application and Location

10.1

Nonmetallic materials shall comply with the applicable tests as described in Table 90.1.

10.2 Nonmetallic fasteners used as a part of the enclosure shall comply with the requirements in the
Fastener Strength Test, Section 93.
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11 Barriers
11.1 A barrier shall be formed from one or more of the following:

a) Metal, minimum 0.005 inch (0.13 mm) thick;

b) Fiberglass, minimum 0.5 inch (12.7 mm) thick;

¢) A nonmetallic material rated 5VA,;

d) A nonmetallic material evaluated to the 127 mm (5 inch) End Product Flame Test as described in
UL 746C;

e) Vulg

f) Any

11.2 A barrig¢r shall be secured to the mounting surface such that tools are required for its r|

11.3 Except|
shall comply v

1.4 A non
requirements

12 Accessd

121 A ven
constructed s

1211 A ve
accessory ins

12.2 Theins

a) Be
conne

b) Not

anized fiber, varnished cloth or phenolic composition, minimum 0.028 in. (0,£1

pther material or construction determined to be equivalent to items (a) te\(e).

as specified in 16.1.2(d), 27.1 and 50.7 a nonmetallic barriér_that isolates ign
vith the enclosure requirements of Table 92.1.

Metallic barrier providing mechanical protection Source (s) shall comply wi
of Table 92.1.

ries

der having provisions for the use (of* accessories to be attached in the
b that their use will not introduce a risk of electric shock, fire, or injury to person

nding machine shall comply-Wwith all the requirements of this standard with
talled.

tallation of accessories shall:

restricted to an‘arrangement that can be accomplished by means of receptacl
ctors; and

require.the cutting of wiring or the soldering of connections.

12.3 A cord

mm) thick; or

emoval.

tion source(s)

h the cabinet

field shall be
S.

or without the

es and plug-in

Lconnected accessory. including means for external interconnection between

the accessory

and vender, shall employ a power-supply cord and strain-relief means in accordance with 15.9 — 15.18.

12.4 Strain relief means shall be provided for the wiring in the accessory if there is a possibility of
transmitting strain to the terminal connections during installation.

12.41

identified on both the accessory and on the vending machine.

12.4.2 The accessory mounting location shall be:

a) ldentified on the vending machine; or

Unless correct connections are evident, the wiring connections for the accessory shall be
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b) Fixed due to the function of the accessory and its arrangement within the vending machine. In
this case, the accessory installation instructions shall specify the mounting location of the

access

ory.

12.4.3 Accessories intended for connection to a source of field power supply independent of that of the
vending machine shall comply with the requirements in:

a) Section 14, Supply Connections for Permanently Connected Venders, if intended to be a
permanently connected accessory. A permanently connected accessory shall not be used with any

supply

cord connected equipment;

b) Section 15, Supply Connections for Cord Connected Venders, if intended to be a cord-

connegted-accessory

12.5 As part
feasible, that
introduce aris

12.6  An acq
carrying meta

operations thaf are likely to be performed while the accessory is energized.

13 Enclosurnes

131

13.1.1  Each

persons due t
parts, or other

13.1.2 Anen
use in a partic
0.029 inch (0.
thick.

Exception: Re

13.1.3 Amon

General

of the investigation, accessories are to be trial-installed to determine thaf their
the instructions are detailed and correct, and that the use of the_accesso
k of electric shock, fire, or injury to persons.

essory shall have provision for the grounding of all expesed or accessibl
parts that may be contacted by the user or by route and-service personnel

b total or partial collapse, with resulting reduction of spacings, loosening or di
serious defects.

closure of sheet metal is-evaluated with respect to its size, shape, thickness
Llar application. Sheét steel shall not be less than 0.026 inch (0.66 mm) thick i
4 mm) if galvanized; nonferrous sheet metal shall not be less than 0.036 in

atively small areas or surfaces which are curved or otherwise reinforced may h

g the factors which are to be taken into consideration when evaluating an encl

installation is
ries does not

£ noncurrent-
Huring service

enclosures shall be so formed and-assembled that it will have the strength and rigidity
necessary to fesist the abuses to which it may be subjected without increasing the risk of f|

re or injury to
splacement of

of metal, and
f uncoated, or
ch (0.91 mm)

e thinner.

psure are:

a) Mechanical strength;

b) Resi

stance to impact;

¢) Moisture-absorptive properties;

d) Flammability;

e) Resistance to distortion at temperatures to which the material may be subjected under
conditions of use; and

f) Resistance to corrosion.


https://ulnorm.com/api/?name=UL 541 2020.pdf

NOVEMBER 19, 2020 UL 541 25

13.1.4 A glass panel used for the enclosure of electrical parts or that is subject to contact during intended
use or maintenance of the vendor, or both, shall be supported or secured in place and shall comply with
the Glass Strength Test, Section 84.

13.1.5 Exterior glass having an exposed minor dimension greater than 12 in (305 mm) and an area
greater than 1 t? (0.093 m?) shall comply with the Impact Test, Section 84.1.

13.1.6 Exterior glass having an exposed minor dimension greater than 3 in (76 mm) shall comply with
the Mechanical Pressure Test, Section 84.2.

13.1.7 Other than as specified in 13.1.8 — 13.1.10, glass that is subject to contact during use and routine
maintenance of the vendor shall not have a thickness less than 0.115 in (2.92 mm), and shall comply with
Impact Test, $ection 84.1 or Mechanical Pressure Test, Section 84.2.

13.1.8 The Effects of the following factors shall be considered in the investigation| of glass panels and
glass comporjents heated by electrically conductive surfaces or other means:

a) Eleg¢trical input;

b) Temperature rise;

c) Opgration of overvoltage condition;

d) Abiljity to withstand dielectric potential;
e) Reliability of vapor seal;

f) Resistance to moisture;

g) Stability of conductive coating;

h) Aging of terminal assembilies;

i) Resistance to impact; and

j) Resistance to thermal'shock.

13.1.9 A glass component, other than a lamp, used inside a vendor shall have smooth edges if the
edges are efposed to.contact during routine use, including cleaning. Edges exposed when the glass
component ig in itshinfended storage position shall be fire polished, heat-toughened or tempered, or
covered by pgrmanently attached smooth framing.

13.1.10 The glass components specified in 13.1.9 shall comply with Glass Component Strength Test,
Section 85.

13.2 Protection against corrosion

13.2.1  Steel enclosures shall be protected against corrosion by metallic or nonmetallic coatings as
specified in 13.2.2 - 13.2.8.

13.2.2 Venders for protected or outdoor use (see 5.22) shall employ enclosures which prevent the
wetting of live parts and reduce the risk of electric shock due to weather exposure. Enclosures for
electrical components shall have provision for drainage if knockouts or unthreaded openings are
employed in the enclosure. See Rain Test, Section 67.
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13.2.3 Sheet steel cabinets and electrical enclosures exposed to the effects of weathering shall be
protected against corrosion by the means indicated in Table 13.1, or by other metallic or nonmetallic
coatings which provide equivalent protection.

Exception: The requirement is not applicable to a metal part, such as a decorative grille, which is not
required for compliance with this standard.

Table 13.1
Corrosion protection

Type of cabinet and enclosure No. 16 MSG/GSG and heavier as Lighter than No. 16 MSG/GSG as
spescified-by specified-hy
Outer cabinets which protect motors, 13.2.4 1325
wiring, or enclose[d current carrying parts
Inside enclosurels which protect current 13.2.4 13.2.5
carrying parts
Outer cabinets which are the sole 13.25 13.25
enclosure of curfent carrying parts

13.2.4 To cd
used:
a) HotH
Table 1

minimy
be dete
establi
shall al

b) Az
applieq
minimy
by the
13.2.6.

c) Two
surface
corrosi

dipped mill galvanized sheet steel conforming-with the Coating Designation
of ASTM A653/A653M, with not less than 40, percent of the zinc on any side,
m single spot test requirement in this ASTM Specification. The weight of zin
rmined by any suitable method; however, in case of question the weight of cg
bhed in accordance with the Test Method of ASTM A90/A90M. An AGO (all
50 comply with 13.2.6.

nc coating, other than that provided on hot-dipped mill galvanized sheet st
to an average thickness-af'not less than 0.00041 inch (0.0104 mm) on each
m thickness of 0.00034 inch (0.0086 mm). The thickness of the coating shall k
Metallic Coating Thickness Test, Section 90. An annealed coating shall als

coats of an-grganic finish of the epoxy or alkyd-resin type or other outdoor
s. The suitability of the paint may be determined by consideration of its com
DN tests\ifthese are considered necessary.

mply with the applicable requirement of Table 13.1 one of the following coatings shall be

560 or A60 in
based on the
C coating may
ating shall be
byed) coating

eel, uniformly
surface with a
e established
b comply with

paint on both
position or by

13.2.5 To cd
used:

mply with the applicable requirement of Table 13.1, one of the following codtings shall be

a) Hot-dipped mill galvanized sheet steel conforming with the Coating Designation G90 in Table 1
of ASTM A653/A653M with not less than 40 percent of the zinc on any side, based on the minimum
single spot test requirement in this ASTM Specification. The weight of zinc coating may be
determined by any suitable method; however, in case of question the weight of coating is to be
established in accordance with the Test Method of ASTM A90/A90M.

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 surface with a
minimum thickness of 0.00054 inch (0.0137 mm). The thickness of the coating is to be established
by the Metallic Coating Thickness Test, Section 90. An annealed coating shall also comply with
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¢) A cadmium coating not less than 0.001 inch (0.025 mm) thick on both surfaces. The thickness of
coating is to be established by the Metallic Coating Thickness Test.

d) A zinc coating conforming with 13.2.4 (a) or (b) with one coat of outdoor paint as specified in

13.2.4

(c).

e) A cadmium coating 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. The thickness of the cadmium coating is to be
established by the Metallic Coating Thickness Test and the paint shall be as specified in 13.2.4(c).

13.2.6 An annealed zinc coating which is bent or similarly formed after annealing shall additionally be

pa'nted |n thn hant orformed-araa-if the - bandina orforminanracase-damaaes-the zinc-coatin
€ meht+etoHReaareaHre-veRaig-ortoHhgPHt e ag tRe-ZRe-66aHRJ.

13.2.7 If fla
visible at 25
and punched
conform with |

13.2.8 Witk
combinations
annealing, w
indicate they
judging such
mixtures, moi

ower magnification, the zinc coating is considered damaged. Simple sheare
holes are not considered to be formed, but extruded and rollededges an
13.2.6.

reference to 13.2.3, other finishes, including paints;. special metallic
of the two may be accepted when comparative tests, with galvanized shee
ping, or other surface treatment conforming with{13.2.4 (a) or 13.2.5 (a),
provide equivalent protection. Among the factors Which are taken into consi

5t hydrogen sulphide-air mixtures, ultravioletlight, and water.

13.2.9 Nonferrous enclosures may be employed without special corrosion protection. Th

the material is
13.3 Electri

13.3.1 Each
shall comply

to be judged on the basis of its strength and rigidity.
ical enclosures

gasket required to seal'an electrical enclosure against the entrance of rain a
with 89.2 — 89.6 orwith UL 157 if the gasket physical properties are equiv

specified in 89.2 — 89.6. In addjtien; each gasket shall:

a) Be
b) Be
13.3.2 With

adhesives bu
from displace

|

eld in place by mechanical fasteners or adhesives except as specified in 13.3

eoprene)rubber, or thermoplastic or other materials with equivalent properties.

King or cracking of the zinc coating at the outside radius of the bent.orformed section is

J or cut edges
l holes are to

finishes and
[ steel without
as applicable,
deration when

coating systems are exposure to salt spray;~moist carbon dioxide-sulphur dioxide-air

e thickness of

hd condensate
alent to those

2,

| fasteners or

reference to 13.3.1 (b), gaskets which are not held in place by mechanica

diao-ba ratainad i tha ~areant ~aoiti s thaor maonce chal

arpintan HZV-N
aATCIT e IO T U toO oCTCtTainIc

ment either:

crircarts-Srial

a) Due to their location within the equipment; or

be prevented

b) By the placement of other components in the enclosure so that if the equipment cover is
removed, the gasket will be reengaged in the intended manner when the cover is replaced.

13.3.3 Adhesives required to secure gaskets shall comply with 89.7.

13.3.4 The frame or chassis of a vender shall not be relied on to carry current during operation.

13.3.5 Sheet metal to which a wiring system is to be connected in the field shall have a thickness not
less than 0.032 inch (0.81 mm) if uncoated steel, not less than 0.034 inch (0.86 mm) if galvanized steel,
and not less than 0.045 inch (1.14 mm) if nonferrous.
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13.3.6 Electrical components, such as relays, solenoids, and electrically operated valves, shall be
individually enclosed, except at terminals, unless it can be determined that failure of the component will
not result in a risk of fire. See 6.2 and Burnout Tests — Components, Section 76.

13.3.7 The assembly shall be arranged so that fuses can be replaced and manual-reset devices can be
reset without removing parts other than a service cover or panel and without contacting uninsulated live
parts. See 13.3.16.

13.3.8 Covers for enclosures of fuses in high-voltage circuits, shall be hinged. Covers for manual-reset
overload protective device enclosures shall be hinged if it is necessary to open the cover to reset the

device.

Exception: A
complete and

13.3.9 Hingsd

means requiring the use of tools to hold them closed, but shall be provided with‘aspring latch

13.3.10 Add
againsta 1/4 i
of four edges
wall of the bo
construction,

combination W

13.3.11 Strip
not less than
between thesd

13.3.12 The
5.25.

13.3.13 Uninpsulated live partstof‘a vender shall be located, guarded, or enclosed so

accidental con

13.3.14 Beh

a) That

useholder may be installed in a vender without being enclosed if the vende
honflammable and contains no flammable material in proximity to or undet the

d covers, where required by 13.3.8, shall not depend solely upon_screws o

or or cover giving direct access to fuses in other than low-voltage circuits, sha
hch (6.4 mm) rabbet, or the equivalent, or shall have either turned flanges for
br angle strips fastened to it. Flanges or angle strips-shall fit closely with the
proper and shall overlap the edges of the box not/less than 1/2 inch (12.7 n
such as a fuse enclosure, located within anlQuter enclosure, or a flang
hich affords the equivalent protection is acceptable.

s used to provide rabbets, or angle strips fastened to the edge of a door, shall
wo points, not more than 1-1/2 inches (38 mm) from each end of each strip
end fastenings not more than 6 inchés (152 mm) apart.

requirements in 13.3.13 — 13:3.15 apply only to parts of high-voltage circuits

tact by persons-thraugh openings in the enclosure.

nd a locked door, an opening:

will netipermit entrance of a 3/4 inch (113.1 mm) diameter rod is acceptable if:

r enclosure is
fuses.

other similar
or catch.

Il shut closely
the full length
putside of the
m). A special
e and rabbet

be secured at
and at points

as defined by

Bs to prevent

1)A probe as illustrated in Figure 13.1 cannot be made to touch any uninsu

ated live part

when inserted through the opening; and

2) A probe as illustrated in Figure 13.2 cannot be made to touch film-coated wire when

inserted through the opening.

b) That will permit entrance of a 3/4 inch (113.1 mm) diameter rod is acceptable under the
conditions described in Figure 13.3.


https://ulnorm.com/api/?name=UL 541 2020.pdf

NOVEMBER 19, 2020

UL 541
Figure 13.1
Probe
ANY CONVENIENT LENGTH
1/2 INCH DIA.
3/4 INCH DIa.__ (127mm)
(19.1mm)
fr-——-=

|
9/16 INCH(14.3mm) - 3/16 INCH R

(4.8mm)

4 INCHES
(101.6mm)

PA130A

Figure 13.2
Probe

D

1/2"¢12:7mm)

+

I

1/4" (6.4mm)

4
(101.6mm)

— Any Convenient
Length

3/4"
(19.1mm)

PA1708B
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Figure 13.3

Opening in enclosure

B ———

</ ///////// 7
1 \\//// / /'
/// 0 %
B* )
ENCLOSURE OPENING
SECTION A-A
9 ////\/////1 ///I/////§
\\\ //I
\\ //
\\‘____ _____/’/
LIVE PART—/-
SECTION B-B
g\\\\\\\\\1 ////////?
\ ]
\ 1/
\\ //
\\
\\
LIVE PART—/-

EC1008B

The opening is acceptable if, within the enclosure, there is no uninsulated live metal part or film-coated 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).


https://ulnorm.com/api/?name=UL 541 2020.pdf

NOVEMBER 19,

2020 UL 541

31

13.3.15 An opening in the outer enclosure of a vender is acceptable if a probe as illustrated in Figure
13.4 cannot be made to touch any uninsulated live part or film coated wire when inserted through the

opening.
PA19
13.3.16 Un

collecting, relamping, lubricating, control adjusting, control resetting, or other such service o

be so enclose

13.3.17 Th
uninsulated li
adjusting the
considered ag

13.4 Proted

13.4.1 If the
likelihood of i

13.4.2 Each

Figure 13.4
Probe

1/4 INCH

(6.4 mm)DIA‘

~s—— CONVENIENT ————==

LENGTH

1/8 |

(3.2

nsulated live parts in compartments whichi“are intended to be opened for
d, located, or guarded as to prevent unintentional contact while performing suq

¥

e requirement in 13.3.16 necessitates the use of enclosures, covers, or
ve parts which the service person or route person may inadvertently touch
machine. A cover or barrier which must be removed in performing these fi
providing the protectionrequired.

tion from risk of\injury

operatiomof-a vender involves the risk of injury, protection shall be provided
jury. Seet3.4.2 -13.4.8.

coinreturn and product discharge opening, including those portions of pro

chutes which

NCH
mm)

refilling, coin

berations shall
h operations.

barriers over

n servicing or

nctions is not

to reduce the

uct discharge

ith 13.4.1.

13.4.3 The details of guards, safety releases, pressure relief valves, interlocks, and the like, are not
specified; but the need for such accessories and the adequacy of any such accessory provided are to be
determined from a study of the complete appliance, its operating characteristics, and the risk of injury

resulting from

other than gross negligence.

13.4.4 With reference to the requirement in 13.4.3, the degree of protection required of the enclosure
depends upon the general construction and intended use of the machine. The factors to be taken into

consideration

in judging the acceptability of exposed moving parts are:

a) The degree of exposure;

b) The sharpness of the moving parts;


https://ulnorm.com/api/?name=UL 541 2020.pdf

32

UL 541

NOVEMBER 19, 2020

c¢) The risk of unintentional contact with the moving parts;

d) The speed of movement of those parts; and

e) The risk of fingers, arms, or clothing being drawn into the moving parts, such as at points where
gears mesh or where belts travel onto a pulley or where moving parts close in a pinching or
shearing action.

13.4.5 Alid that may cause injury upon unintentional closing shall be:

a) Counterweighted;

b) Spring-loaded; or

c) Pro
latches

13.4.6 Agug
person when 4

13.4.7 If the
constructed ar

ided with an automatic latch to retain it in the open position. The action mlmbers of the

shall be enclosed or guarded.

rd shall be provided over a moving part that may cause injury to the service p
cover, door, panel, or other closure is opened or removed.

guard mentioned in 13.4.6 must be removed during servicing of a part, the ¢
d arranged so it can be easily removed and replaced-

Brson or route

uard shall be

13.4.8 Aned
rounded, and
maintenance q

bll be smooth,
hded use and

ge, projection, or corner of an enclosure, frame, guard, handle, or the like, sh
not sufficiently sharp to constitute a risk of injury to persons during the inte
f the appliance.

14 Supply Qonnections for Permanently Connected Venders

14.1 General

14.1.1  Vendq{
in accordance

rs of the following types shall have provision for permanent connection to the(power supply

with ANSI/NFPA 70:

a) Units rated in excess of 250 volts;

b) Polyphase units;.and

c) Unit$ employing a water-cooled condenser.

14.1.2 As used.n Terminals, Section 14.2, and Leads, Section 14.3, a field-wiring terminallis considered
to be a terminal to which power supply, control, or equipment grounding connections will be made in the
field when the vender is installed.

14.1.3 The wiring of a permanently connected vender shall terminate in an outlet box or similar
compartment with provision for the connection of metal-clad cable or conduit, or shall have provisions for
the connection of a nonmetallic wiring system which, in accordance with ANSI/NFPA 70, would be
acceptable for connection to the vender.

14.1.4 Space shall be provided in the field-wiring compartment or outlet box for installation of conductors
of the number and size required by 14.1.6 using Type TW or THW wire when at least a 6 inch (150 mm)
length of each conductor is brought into the wiring compartment.

Exception: Conductors other than Type TW or THW may be used if specified in the installation
instructions.
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14.1.5 The outlet box or compartment to which power supply connections are made shall be accessible
for inspection after the vender 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.

14.1.6 The vender shall be provided with field-wiring terminals for connection of supply-circuit
conductors. The terminals or leads sizes shall not be less than the size required by 103.10. It is assumed
that branch circuit conductors rated 140°F (60°C) will be used.

14.2 Terminals

14.2.1 Pressure wire _connectors shall be used for field-wiring terminals_except that for field-wiring

terminals inte

made may ¢

equivalent to

14.2.2 Size
branch circuit

14.2.3 Uptu
in 14.1.6, and

hded for 8 AWG (8.4 mm?) and smaller conductors, the parts to which wiring-c
pnsist of clamps or wire binding screws with cupped washers, terminal
nold the wire in position.

103.10 but no smaller than 14 AWG (2.1 mm?), underthe head of the screw o

14.2.4 Wirin
shall comply v

1425 |If a
conductors, it

a) Not

b) Not
condu

14.2.6 A ter
thickness and

vith 14.2.5 — 14.2.10 or with UL 486E.

shall be:

smaller than 8 (4.2 mm? diametér) for 14 AWG (2.1 mm?) supply circuit condu

ctors.

minal plate for a wire-binding screw shall be of metal not less than 0.050 inc

inch (0.76 mm) in thickness.is acceptable for 14 AWG (2.1 mm?) conductors.

14.2.7 A teqminal_plate formed from stock having the minimum required thickness, as g

may have the

metal extruded at the tapped hole to provide two full threads for the binding sc

14 AWG (2.1 mm?) wire shall be considered as being the smallestywire that ¢
wiring and at a terminal intended for the connection of the power,supply leads.
ned lugs or a cupped washer shall be capable of retaining-a conductor of the s

g terminals for use with all alloys of copper, alumitum, or copper-clad aluminy

wire-binding screw is employed at a.wiring terminal for the connection of

smaller than 10 (4.8 mm?2diameter) for 12, 10, or 8 AWG (3.3, 5.3, or 8.3 mm?

shall have notlless than two full threads in the metal, except that a plate not I

bnnections are
plates, or the

an be used for

ize mentioned
the washer.

m conductors,

supply circuit

tors; and

supply circuit

h (1.27 mm) in
bss than 0.030

ven in 14.2.6,
rew.

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

14.2.9 A wire-binding screw shall thread into metal.

14.2.10 A field-wiring terminal for the connection of a grounded conductor shall be identified by means of
a metallic-plated coating, substantially white in color, and shall be distinguishable from the other terminals;
or identification of the terminal for the connection of the ground conductor shall be shown in some other
manner, such as on an attached wiring diagram.
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14.3 Leads

14.3.1

Leads intended for connection to any external high-voltage circuit or to an external low-voltage

circuit that contain one or more of the components specified in 51.3 shall comply with all of the following:

a) Be one of the types of wiring specified in 17.1.2;

b) Be 6 inches (152 mm) or more in length, as measured from the lead end to the strain relief
means, unless the use of a shorter lead is required to prevent damage to the lead insulation;

c) Be provided with strain relief if stress on the lead may be transmitted to terminals, splices, or
internal wiring. Leads shall comply with 86.1 when subjected to a direct pull of 20 pounds-force (89

N);

d) Not
compa
the scr

insulateéd; and

e)Bei
reduce
50 for K

1432 Alea
gray color, sh3

15 Supply G
151 Avend

detachable pqg
attachment plu

15.2 With reference to 15.1, a power supply cord and plug shall comply with UL 817.

15.3 A cord{
(GFCI).

15.4 The GH

be connected to wire binding screws or pressure wire connectors located
tment as the lead ends (that are intended for spliced connections to the field-
bws or connectors are rendered unusable for field-wiring connections or the

nsulated at the free end, if the lead will not be used in every_ installation and

igh-voltage circuits or Low-Voltage Circuits, Section 51 for low-voltage circuits

] intended for the connection of a grounded conductor shall be finished to sh
Il be distinguishable from other leads, and no ather lead shall be so identified.

onnections for Cord Connected Venders

wer supply cord having an egquipment grounding conductor and with a g
g.

connected vender shall be provided with a factory installed ground-fault cirg

Cl shallcomply with UL 943, and be either:

a) An ivI\tegral part of the attachment plug; or

in the same
wiring) unless
ead ends are

f the end can

spacings below the minimum acceptable values specifieghin High-Voltage Cifcuits, Section

ow a white or

br intended for cord connection to-the power supply shall be equipped with a flexible non-

rounding-type

uit-interrupter

b) Located such that it is in the supply cord within 12 in (305 mm) of the attachment plug.

15.5 The GF

Cl on a vender intended for outdoor use shall be rated for outdoor use.

15.6 The rating of the attachment-plug shall be not less than 125 percent of the marked rating of the
vender and not less than the total current measured during the Temperature and Pressure Tests, Section
63. The total current shall include the current drawn by accessories intended for use with the vender.

15.7 Except as specified in 15.8, the grounding-type attachment-plug shall comply with the ANSI
designation as specified in Table 15.1 based on the vender voltage and ampere rating.
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Table 15.1
Attachment-plug rating
Amperes Volts ANSI designation®

15 125 5-15

20 125 5-20

30 125 5-30

15 250 6-15

20 250 6-20

30 250 6-30
@ Designations in accordance with NEMA WD6
15.8 With reference to 15.7, if the grounding-type attachment plug does not comply With the ANSI

designation s
for connectior

a) 60

b) The

15.9 A cord
SJTOO, SO,

rating of the p
power supply

pecified in Table 15.1, then the equipment shall be rated 250 V or lesscanhd sh
to circuits rated for other than:

1z; and/or

voltages specified in the first column of Table 60.1.

connected vender shall use a Type S, SE, SEO, Sd, SJE, SJEO, SJO, SJO
500, ST, STO, SJO, or STOO power supply cord as specified in ANSI/NFPA 7
ower supply cord shall not be less than the rated-voltage of the vender. The 3
cord shall be the higher of the values specified in 15.10.

15.10 With reference to 15.9:

a)lf a
29.3.2
contin
Maxim
acces

b) The
Tempg

Exception: Th
attachment p

vender is intended for connection~to a branch circuit that exceeds the ratin
the ampacity of the power supply cord shall not be less than 80 percent of]
lous current of the motor-compressor determined in accordance with Protec
um Continuous Current Test, Section 82, plus the sum of all other lo
sories, which may operate concurrently.

ampacity of thé power supply cord shall not be less than the current me
rature and Pressure Tests, Section 63.

e ampacity of the power supply cord need not be greater than the amper
/g.

15.11 The

bll be intended

D, SJT, SJTO,
0. The voltage
mpacity of the

hs specified in
the maximum
tive Devices —
ads, including

asured in the

b rating of the

WETr S| lpply cord for a vender intended for outdoor use shall be one of the fyr

es specified in

15.9 and marked on the jacket with the designation of "W" following the cord type designation.

15.12 The length of the power supply cord shall be not more than 10 feet (3.0 m) and not less than 6 feet
(1.83 m). The length shall be measured between the attachment plug and any point at which the cord exits

the vender ca

binet or the last strain relief, whichever is shorter.

15.13 The edges of the entry hole for the power supply cord, including the cord entry hole in a bushing if
a bushing is provided, shall be smooth and rounded, without burrs, fins, or sharp edges which might

damage the ¢

ord insulation.

15.14 The power supply cord shall be provided with strain relief means so that a strain on the cord will
not be transmitted to terminals, splices, or internal wiring. The strain relief means shall comply with 86.1
when subjected to a direct pull of 35 pounds-force (156 N).
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15.15

If a flexible cord is capable of being pushed into the vender through the cord-entry hole, any such

displacement shall not result in the conditions specified in (a) — (d). Compliance shall be determined in
accordance with Push-Back Strain-Relief Test, Section 87:

a) Mech

anical damage to the cord;

b) Exposing the cord to a temperature higher than that for which it is rated;

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

or

d) Damaging internal connections or components.

15.16 Except

that supplying|a cord-connected vender, disconnection of any one power-supply cord-shall
gization of all circuits within the vender and accessory.

cause de—ene[]

15.17 With r¢ference to 15.16, if a vender does not automatically de-energize‘all circuits, th
ed with the marking specified in 101.9.

shall be provid

15.17.1 A c(
one power suf

a) The
b) Not

c) Eac
ground

d) Eac
f) The

g) The

15.17.2
percent of the
highest rated ¢

15.18 The g
within the equ

rd connected vending machine and any intended accessory (ies) provided w
ply cord shall comply with all of the following:

equipment shall consist of two separate units joined together;
more than two cords shall be provided;

n cord shall be of the type and ratingvspecified in 15.9 and provided with
ng conductor in accordance with 15.48;

l

In r¢ference to 1517.1, if the combined rated current input to both supply cord

ower supply cord shall be provided with an equipment grounding conduct

b

as specified in 15.17, if an accessory is powered from a source of supply.

attachment plug shall be as specified in 15.6 — 15.8;

’

arkings specified in 103:27%.1(a) and (c) shall be provided; and

nstructions shall contain the information specified in 106.7.

branch cireuit to which the equipment will be connected, then the unit or
urrent inpdtshall be marked adjacent to the supply cord in accordance with 10

ment. The supply cord equipment grounding conductor shall be:

5

eparate from

automatically

en the vender

th more than

AN equipment

exceeds 80
cord with the
3.27.1(b).

br terminating

a) 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;

b) Secured to the frame or enclosure of the equipment by a positive means that is not likely to be
removed during any servicing operation not involving the power supply cord. A sheet metal screw
or quick-connect terminal shall not be used; and

c) Connected to the grounding blade of the attachment plug.
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16 Grounding and Bonding for Grounding

16.1 General

16.1.1 Except as specified in 16.1.2, a vender shall have provision for the grounding of all exposed or
accessible noncurrent carrying metal parts which may be contacted by the user or by route and service
personnel during service operations which are likely to be performed when the vender is energized.

16.1.2 Metal parts that do not comply with 16.1.1 shall be one of the following:

a) Adhesive attached metal foil markings, screws, handles, and the like, which are located on the
outside of enclosures or cabinets and isolated from electrical components or wiring by grounded
metal parts so that they are not likely to become energized.

b) Isol
are po

c) Par

from the panel or cover so that it is not likely to become energized.

d) Par
barrier
inch (G

16.1.3 Met3

pted metal parts, such as magnet frames and armatures or small assembly
sitively separated from wiring and uninsulated live parts.

els and covers which do not enclose uninsulated live parts if wiring is positi

els and covers which are insulated from electrical compenents and wiring b
of vulcanized fiber, varnished cloth, phenolic compasition, or similar materials
.71 mm) thick, and secured in place.

I-to-metal hinge bearing members may be considered as a means for bondir

screws, which

ely separated

an insulating
at least 0.028

g the door for
grounding.

16.1.4 A se
suitable for ug

parate component bonding conductérshall be of copper, a copper alloy, or|other material

e as an electrical conductor. A separate bonding conductor or strap shall:

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

or frame; and

b) Not
unless
fasten

be secured by a removable fastener used for any purpose other than bonding
the bonding conductor is unlikely to be omitted after removal and repla

el

for grounding
cement of the

16.1.5 The |bonding-shall be by a positive means, such as by clamping, riveting, bolt¢d or screwed
connection, of by welding, soldering, or brazing with materials having a softening or melting point greater
than 455°C (B50SF). The bonding connection shall penetrate nonconductive coatings, such as paint or
vitreous enanpel._Bonding around a resilient mount shall not depend on the clamping actign of rubber or

similar material.

Exception: A connection that depends upon the clamping action exerted by rubber or similar material may
be acceptable if it complies with 16.1.7 under any normal degree of compression permitted by a variable
clamping device and if the results are still acceptable after exposure to the effects of oil, grease, moisture,
and thermal degradation which may occur in service. Also, the effect of assembling and disassembling, for
maintenance purposes, such a clamping device is to be considered with particular emphasis on the
likelihood of the clamping device being reassembled in its intended position.

16.1.6 If the adequacy of a bonding connection cannot be determined by examination, it shall be
considered acceptable if the connecting means does not open when tested as described in 16.1.7.

16.1.7 With reference to 16.1.6, 16.2.1, and 16.3.1 a bonding connection or a bonding conductor shall be
considered acceptable if it does not open:
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a) When carrying twice the current equal to the rating of the branch circuit overcurrent device for

the inte

rval indicated in Table 16.1; and

b) In a short circuit test in series with a fuse of proper rating. See Limited Short Circuit Test, Section

81.

Table 16.1
Current overload test

Rating of overcurrent protection device amperes

Minimum duration of current flow minutes

2
4

30 orless
3160

61-100 6

16.1.8 A borf
size of the con

16.1.9 If md
conductor is tg
for the compo
circuit overcu
conductor for
of the motor.

16.1.10 The

a) The

b) The

16.1.11  With
have provisior
requirements i
is not require
connection if t

!

re than one size branch circuit overcurrent device is involved, the size o
be based on the rating of the overcurrent device intended-to provide ground-f
nent bonded by the conductor. For example, if a motof.ds individually protecte
rent device smaller than other overcurrent devices\used with the equipme
hat motor is sized on the basis of the overcurrent.dévice intended for ground-f;

means for grounding shall be one of the following:
equipment grounding terminal or leadof a;

1) Permanently installed vending-machine; or

2) Vending machine with-a:stand-alone solar PV system.

equipment-grounding.conductor in the cord of a cord-connected vending mach

reference to 16.1.10(a)(2), a vending machine with a stand-alone solar PV}
for permanent connection to a grounding means and the equipment groundi
n 16.3 forpermanently connected venders shall be applied except that the ver

ne yending machine is marked as specified in 103.34.

ductors supplying power to the component or components within thetenclosurg.

ding conductor to a component or electrical enclosure is not required to be larger than the

the bonding
hult protection
d by a branch
nt, a bonding
hult protection

ine.

system shall
ng connection
ding machine

d to have a permanent connection to a grounding means or an equipment grounding

16.1.12 Functional grounding shall not be relied upon for equipment grounding or bonding.

16.2 Cord connected venders

16.2.1

less than that of the grounding conductor of the supply cord.

On a cord connected vender, a bonding conductor or strap shall have a cross-sectional area not

Exception: A smaller conductor may be used if the bonding conductor and connection do not open when
tested as described in 16.1.7.

16.3 Permanently connected venders

16.3.1

electrical enclosure or motor frame shall comply with Table 16.2 for a:

Except as specified in 16.1.7 or 16.1.8, the size of a conductor or strap employed to bond an


https://ulnorm.com/api/?name=UL 541 2020.pdf

NOVEMBER 19, 2020 UL 541 39

a) Permanently connected vending machine based on the rating of the branch circuit overcurrent
device to which the equipment will be connected; and

b) Stand-alone solar PV system vending machine having provision for a permanent connection to a
grounding means, based on the rating of the overcurrent protective device required in accordance
with 47.5.

Table 16.2
Bonding wire conductor size

Size of Bonding Conductor®
Rating of overpurrent Copporiice Aluminum Wise
device, am;reres AWG (mm?) AWG (mm?)
15 14 2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)

@ Or equivalent fross-sectional area.

16.3.2 On permanently connected venders, a terminal solely for connection of an equipment-grounding
conductor shall be capable of securing a conductor of the'size applicable for the application,|in accordance
with ANSI/NFPA 70.

16.3.3 On & permanently connected vender, a wire-binding screw intended for the compnection of an
equipment grpunding conductor shall have a“green-colored head that is hexagonal, slotted, or both. A
pressure wire{connector intended for connection of such a conductor shall be plainly identified, such as by
being marked| G, GR, GROUND, GRQUNDING, or the like, or by the symbol

or by a marking on a wiring diagram provided on the vender. The wire-binding screw or pressure wire
connector shall be secured to the frame or enclosure of the vender and shall be so located that it is
unlikely to be removed during servicing of the vender.
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16.3.4 On permanently connected venders, the surface of an insulated lead intended solely for the
connection of an equipment grounding conductor shall be finished a continuous green color or a
continuous green color with one or more yellow stripes, and no other lead shall be so identified.

17 Internal Wiring and Wiring Methods
17.1 General

17.1.1  Wiring shall have insulation rated for the potential involved and the temperatures to which it may
be subjected. Compliance shall be determined in accordance with any of the following:

a) Wiring temperatures shall be evaluated on the basis of the temperatures measured during the
applicgble temperature tests specified in Temperature and Pressure Tests, Section-6B and Heating
Test, Section 65.

b) Othgr than motor wiring, all wiring shall:
1) Have an ampacity of the conductors in accordance with Table 12.1; and
2) Not be exposed to heat from radiating sources or heated.components.

¢) Motagr wiring shall have an ampacity not less than 125 pereent of the motor full loadl or maximum
operatipg current rating in addition to complying with (b).

17.1.2  Wiring shall comply with UL 44, UL 62, UL 83, or UL*/58.

17.1.3 Except as specified in 17.1.4 or 17.1.5, conductor insulation shall be neoprene, th¢rmoplastic or
rubber not less than 1/16 inch (1.6 mm) for 16 AWG (1.3 mm?) and smaller conductors, and 5/64 inch
(1.98 mm) for 14, 12 or 10 AWG (2.1, 3.3 or 5.3 mm?) conductors.

17.1.4 Wiring with neoprene or thermoplastic conductor insulation not complying with 17.1.3 shall have
insulation not less than 1/32 inch (0.8 mmy'thick. In addition such wiring shall be:

a) Contained within a separate metal enclosure, conduit, electrical metallic tubing, metal raceways,
or the gquivalent;

b) Confained withip insulating tubing complying with UL 224 and having a wall thichness not less
than 0.p28 inch (071 mm); or

c) Not| longer® than 3 inches (76.2 mm) and intended to facilitate connection| to electrical
compohents” Such wiring shall be protected against damage by its location or routing] or

d) Arranged so that the wires are:
1) Not subjected to movement by air or vibration;
2) Secured at intervals and bunched together to form a cable;

3) Routed in a manner to prevent hooking by a route or service person, including being
located away from reset buttons, test switches, or similar components;

4) Located in a compartment which is provided with a complete base pan or similar bottom
closure;

5) Routed to prevent contact through openings in the outer enclosure or cabinet in
accordance with 13.3.14(a)(1) and 13.3.14(b); and
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6) Not routed between stationary and movable parts.

17.1.5 Wiring with rubber insulation not complying with 17.1.3 shall be not less than 3/64 inch (1.2 mm)
thick. In addition such wiring shall comply with 17.1.4(a), (b), or (c).

17.1.6  Wiring which 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 above color codes.

17.1.7 Wire positioning devices shall comply with UL 1565.

17.1.8 The insulation of wires or cords connected to fan motors and other auxiliary motors shall be of an

oil resistant type, such as Types SJO _SJT and SITO. or appliance wiring materials having oil resistant

insulation.

Table 17.1
Wiring materials ampacities

Wire size
AWG mm? Ampacity®

22 0.41 4

20 0.66 7

18 0.82 10

16 1.3 13

14 2.1 18

12 3.3 25

10 5.3 30

8 8.4 40

6 13.3 55

4 21.2 70

2 33.6 95

1 424 110
@ The ampacitief shown apply to appliance wiring materials. For types of wires other than appliance wiring materigls, the ampacity
is determined frpm Tables 310-16 and"310-17 as specified in ANSI/NFPA 70 for the type of wire used. The correctlon factors
specified in the feference tablesiis not required to be applied.

17.1.9 With|reference to 17.1.1, high voltage circuit conductors supplying more than ope motor or a
motor togethdr with other loads shall have an ampacity not less than the higher of one of the[following:

a) 125 percent of the full Toad or maximum operating current rating of the 1argest motor plus the full
load or maximum operating current rating of any other motors or other loads supplied.

b) 125 percent of the rated load or maximum rated current rating of the largest motor-compressor
plus the full load or maximum operating current rating of any other motors or other loads supplied.

17.1.10 Enclosed wiring shall be installed so that water resulting from condensation or defrosting will not
be retained within the enclosure.

17.1.11 If any failure of low-voltage wiring may cause malfunctioning of a pressure-limiting device, motor
overload protective device, or other protective device, where short-circuiting or grounding may result in
unsafe operation of the vender, such wiring shall comply with 17.1.1 — 17.1.5.

17.1.12 All internal wiring of a vender shall be supported and routed to prevent damage due to contact
with:
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a) Sharp edges;
b) Moving parts;

c) Parts, such as motors, motor-compressors, and refrigerant lines which may vibrate in operation.

17.1.13 Venders require frequent opening of the door for replenishing the commodity, coin collecting,
lubricating, control adjustment, relamping, and other incidental operations. The internal wiring shall be
installed and protected so that it is not likely to be damaged during such service operations. Strain relief
means shall be provided for wires or cords at an attachment plug or other electrical component which may

be removed or disconnected during such service operations.

17.1.14 On
as to exclude

! . 1 (4 x| ) ) Jol I} T n n
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water from electrical enclosures in accordance with 67.2, and all wires and

routed and supported so that they will not be immersed in water.

17.1.15 Whs
stranded cond
conductors as

re wiring extends from the cabinet to a hinged door or to other parts which m
uctors shall be used, and the arrangement shall prevent undue twisting o
a result of the movement. See 17.1.16.

17.1.16 Wiring which is subjected to movement shall be tested in accordance with the Wiri

Test, Section
persons.

17.2 Splicey

17.2.1 Each

88, if movement of the wiring is likely to cause a\isk of fire, electric shog

splice shall be mechanically secured;and electrically bonded. A soldered co

be made mechanically secure before being soldered if breaking or loosening of the connect

in a risk of fire

17.2.2 Each
motion, or vib
thickness, volt

17.2.3 Splic
comply with U
thermoplastic,
electrical, meg
edge.

or electric shock.

splice shall be located and.supported so that it is not subject to mechanical da
ation due to air movement, and the like. The insulation on the splice shall be
age rating, and temperature rating to that required on the conductors.

ng devices, such as fixture-type splicing connectors and pressure wire con
L 486A-486B or UL 486C. In determining if splice insulation consisting of
or otherltype of tubing is acceptable, consideration shall be given to such
hanical;-and flammability properties. Thermoplastic tape shall not be wrappeg

| and located
tords shall be

ay be moved,
Ir stressing of

hg Endurance
k or injury to

hnection shall
on may result

mage, flexing,
equivalent in

nectors, shall
coated fabric,
factors as its
over a sharp

17.2.4 Quick connecting assemblies shall comply with UL 310, form a secure electrical connection, and
be capable of carrying the current involved.

17.2.5 Wire binding screws shall thread into metal. At terminals, stranded conductors shall be secured
by soldered or pressure-type terminal connectors, or the conductors shall be soldered or otherwise
assembled to prevent loose strands after assembly. Soldered connections shall be made mechanically
secure before being soldered. Open-slot type connectors shall not be used unless they are constructed to
prevent disconnection resulting from loosening of the clamping means.

17.2.6 The shanks of terminal connectors shall be protected by electrical insulation if the spacings may
be reduced below the minimum acceptable values by slight loosening of the clamping means. The
insulating material shall be secured in position. The thickness of the insulation on the shanks shall be not
less than 0.028 inch (0.71 mm) except as permitted by 50.7.
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17.3 Printed wiring boards

17.3.1

with the vertical flame test described in UL 94.

18 Separation of Circuits

18.1

A printed wiring board shall have a flammability rating of V-1 or better when tested in accordance

Unless provided with insulation rated for the highest voltage involved, insulated conductors of

different circuits (internal wiring) shall be separated by barriers or shall be segregated and shall, in any
case, be so separated or segregated from uninsulated live parts connected to different circuits.

18.2 Segreg
which provide

18.3 Field i
installed and
circuits are or

18.4
11.1 and be o

ELECTRICAL
19 Current
19.1 Excepf
carrying partg

an electrical ©

19.2 A curr
inherently res

19.3 Inrefe
provided with
19.4 Uninsy

will be prever
below the min

If a bafrier is used to provide separation between the wiring of different circuits, it sh

permanent separation from insulated or uninsulated live parts of a differentCi

hstalled conductors of any circuit shall be segregated or separated by bar!
factory installed conductors connected to any other circuit unless, the cond
will be insulated for the maximum voltage of either circuit.

f a rigid insulating material secured in place.

| COMPONENTS

Carrying Parts

for multimetallic thermal elements and*heater elements of a thermal protect

onductor.

ent-carrying part shall be of’silver, copper, copper alloy, stainless steel or
stant to corrosion and accéptable for use as an electrical conductor.

rence to 19.2, ordinary iron or steel shall not be used for a current-carrying p
a corrosion-resistant coating or located within a motor.

lated live parts in high voltage circuits shall be so secured to the mounting su
ted from-turning or shifting in position, if such motion may result in a reducti
imumacceptable values. Friction between surfaces is not acceptable as a me

shifting or turt

other means
uit.

iers from field

uctors of both

bll comply with

or, all current-

of a vender shall be of silver, copper-a copper alloy, or other material acceptable for use as

other material

art unless it is

rface that they
bn of spacings
ans to prevent

ingJof live parts, but a toothed lock washer, properly applied, may be accepted.

20

20.1

Insulating Material

material with consideration given to its electrical and mechanical properties.

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

20.2 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. Plastic materials may be used for the sole support of uninsulated live parts if
found to have mechanical strength and rigidity, resistance to heat, resistance to flame propagation,
dielectric voltage withstand, and other factors involved with the application without displaying a loss of
these properties beyond the minimum acceptable level as the result of aging.
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20.3 Holes in walls, panels, or barriers through which insulated wires or cords pass and on which they
may bear shall be provided with smoothly rounded bushings or shall have smooth, rounded surfaces upon
which the wires or cords may bear to prevent abrasion of the insulation. Bushings shall comply with UL
635 or be fabricated from materials, such as ceramic, phenolic, cold-molded composition, or fiber.

21 Capacitors
21.1 Capacitors shall comply with UL 810 or shall comply with 21.2 — 21.6.

21.2 A motor-starting or running capacitor shall be housed within a cabinet, enclosure or other similar
container which will protect the plates against mechanical damage and which will prevent the emission of
flame or molten material resulting from failure of the capacitor. The container shall be:

a) Made of coated or uncoated sheet steel having a thickness of not less than)0:020 inch (0.51
mm); 0

b) Mounted within the vender cabinet or enclosure if the sheet steel is thinfer than 0.020 inch (0.51
mm) o1 if materials other than metal are used as the capacitor container.

c) Profected against expulsion of the dielectric medium when«tested in accordgnce with the
applicable performance requirements of this standard, including-faulted overcurrent|conditions as
specifigd in the Limited Short-Circuit Test, Section 81. The{Canditions for the Limiteq Short-Circuit
Test shall be:

1) Based on the circuit on which the capacitoriis-used; or,

2) If the available fault current is limited by-other components in the circuit, such as a motor
start winding, the capacitor may be tested using a fault current less than the test current
specified in Table 81.1 but not lessthan the current established by dividing the circuit
voltage by the impedance of the ©ther component(s).

21.3 Deleteq

21.4 The indlividual enclosure oftan electrolytic capacitor with means for venting shall e such as to
provide protedtion against physical‘damage only. The minimum enclosure thickness is not specified.

21.5 The indjvidual enclosure of an electrolytic capacitor not provided with means for venting and with an
opening (gap)|of more-than 1/16 inch (1.6 mm) width need not comply with the requirement| for enclosure
thickness givgn in 21.2if it complies with the following: Three samples of the capacitor, nmounted in the
usual manner| and_with cotton placed around openings in the enclosure, are to be subjg¢cted to such
overvoltage ag to’ cause failure. If the cotton ignites upon failure of the capacitor, the rgsults are not
acceptable.

21.6 If the container of an electrolytic capacitor is metal, the container shall be considered as a live part
and shall be provided with moisture resistant insulation to isolate it from dead metal parts and to reduce
the risk of contact during servicing operations. The insulating material shall be not less than 1/32 inch (0.8
mm) thick, except as indicated in 50.7.

21.7 Deleted

21.8 Across-the-line capacitors, antenna-coupling components, line-bypass components and fixed
capacitors for use in electronic equipment shall comply with the UL 60384-14.

21.9 |Inreference to 21.8, a capacitor complying with UL 60384-14 shall have specifications as follows:
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a) Operating voltage — Not less than 110 percent of the vending machine rated voltage;

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 vending machines
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 temperat

ure measured
65, whichever

during the Temperature and Pressure Test, Section 63 or the Heating Test, Section 65

is higher, but not less than 185°F (85°C);

capacttor has been designed to operate when installed within a vending machine ag

e) LoYer category temperature — Based on the minimum surface temperature
ater than 14°F (-10°C);

not gr

f) Duration of the damp-heat steady-state test — Not less than 21 days; and

for which the
intended, but

g) Passive flammability category B or C. As an alternate, a polymeric\¢cdpacitor case ghall have a V-

0 flame rating as described in the UL 94.

21.10 In reference to 21.8, a capacitor shall consist of a single)Class Y1 capacitor or
capacitors copnected in series if it is connected between:

a) Twq line conductors in a primary circuit;
b) Ong line conductor and the neutral conductar;

c) Primmary and accessible secondary circuits; or

two Class Y2

d) Thel primary circuit and protective earth (equipment grounding conductor connecti¢n).

22 Control Circuit Conductor Overcurrent Protection

221 Glossary

22.1.1 For the purpose ofithese requirements the following definitions apply.

22.1.2 Confrol circuit’— A circuit that carries electrical signals directing the performance
which, in turn, governs power delivered to a motor or other load in the vender. A control ¢
carry main pewer current. If a control circuit is supplied through a transformer provided
vender, see Transformer Protection, Section 31, for additional requirements.

22.1.3 Direct-connected high-voltage control circuit — A circuit that is supplied from a
separate from a branch circuit that supplies other loads within the vender. It is not tapped

of a controller
rcuit does not
as part of the

branch circuit
from the load
22.

side of the overcurrent device or devices of any controlled circuit within the vender. See 103.

22.1.4 Tapped high-voltage control circuit — A circuit that is tapped within the vender from the load side of

the overcurrent device or devices for the controlled load.

22.2 Tapped high-voltage control circuits

22.2.1 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 22.1.
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Exception No. 1: 18, 16, and 14 AWG (0.82, 1.3, and 2.1 mm2) 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.

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 81.

Exception No. 3: A lead 12 inches (305 mm) or less in length need not 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 dgvice(s) located on the primary side of the transformer provided:

a) Thig protection is in accordance with the requirements specified in Transformer Protection,
Section 31; and

b) The|rating of the device does not exceed the applicable value specified in Table 322.1 multiplied
by the fatio of secondary-to-primary rated transformer voltage.

Table 22.1
Overcurrent protective device rating for control circuit conductors

Maximum rating of overcurrent protective device, ampgres
Conductors contained'in control Conductors extending beyond control
Tapped controltcircuit conductor size, equipment.enclosure equipment enclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?

18 0.82 25 - 7 -
16 1.3 40 - 10 -
14 2.1 100 - 45 -
12 3.3 120 100 60 45
10 5.3 160 140 90 75

Lafger than 10 b b [ c

2 Includes coppdr-clad aluminum,
b 400 percent of jalue specifiedfor 60°C conductors in Table 310-17 as specified in ANSI/NFPA 70.
¢ 300 percent of jalue specified for 60°C conductors as specified in Table 310-16 of ANSI/NFPA 70.

22.2.2 A control circuit conductor that is tapped from the main power circuit at a point putside of the
control equipment enclosure shall be protected as specified in Column A of Table 430-72(b) of ANSI/NFPA
70.

22.2.3 Overcurrent protection for a tapped high-voltage control circuit conductor, as required by 22.2.1,
shall be provided as part of the vender.

Exception: The overcurrent protection device (s) need not be provided as part of the vender if, based on
the marked rating(s) of the vender, the rating of the branch circuit overcurrent protective device(s) does not
exceed the values specified in Table 22.1.

22.2.4 A control circuit overcurrent protective device(s) shall:
a) Be provided for all ungrounded conductors;

b) Be sized in accordance with requirements in 22.2.1;
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c) Hav

e a voltage rating not less than the circuit in which it is used; and

d) A circuit breaker acceptable for branch circuit protection or 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
103.21.

Exception: If the control circuit is tapped from a circuit supplying other loads in the vender, 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 81.1. If the supplementary type device used is a
fuse, the vender shall be marked in accordance with the Exception to 103.21.

23 Short-Ci

23.1 OvercnIArrent protective devices and thermal protective devices for motors shall eq

requirements
24 Dispens

241 The cg
not exceed th

determined d{iring the Temperature and Pressure Tests, Section 63:

25 Coinor

251 The ©
temperatures
and Pressure
vender at the

25.2 Ifacoi
comply with th

25.3 The in
accomplished
accomplished
conductor sh{

254 A strai
transmitting s

rcuit Protection

of the Limited Short-Circuit Test, Section 81.
er Mechanism

mponents of a mechanism intended to dispense cups and ‘eontrol ingredien
eir maximum allowable temperatures and shall be rated for the loads which f

Credit Mechanism

omponents of a coin or credit mechanism shall not exceed their maxin
and shall be rated for the loads which:they control as determined during th
Tests, Section 63. Except as indicated in 25.2, the mechanism shall be i
factory.

N or credit mechanism is intended for installation in the field, the mechanism ar
e requirements of 25.3 +25:6 and 104.1 and 104.3.

stallation of a cointercredit mechanism shall be restricted to an arrangeme

by means of-‘receptacles and plug-in connectors. Unless bonding for
automatically by’the intended mounting of the mechanism in the vender, a sej
Il be provided in the receptacle and plug-in connector.

h relief~means shall be provided for the wiring in the mechanism if there is
rain'to the terminal connections during installation.

mply with the

delivery shall
hey control as

um allowable
b Temperature
hstalled in the

d vender shall

nt that can be
grounding is
arate bonding

b possibility of

25.5 As part of the investigation, coin or credit mechanisms are to be trial-installed to determine that their
installation is feasible, that the instructions are detailed and correct, and that the installation and use of the
mechanism does not cause a risk of electric shock, fire, or injury.

25.6 Venders provided without coin or credit mechanisms are to be evaluated for accessibility of live or
hazardous moving parts on the basis that the mechanism is not installed and the vender enclosure is open
to the extent permitted by the absence of the coin or credit mechanisms.

26 Lighting

Systems

26.1 General

26.1.1

Lampholders and indicating lamps shall comply with UL 496.
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26.1.2 Light Emitting Diode (LED) light sources shall comply with UL 8750.

26.1.3

If a vender is intended to be connected to the grounded conductor of a power supply circuit, a

lampholder with a screw shell base shall be wired so that the screw shell will be connected to that

conductor.

26.2 Electric-discharge lighting systems

26.2.1

Lighting ballasts shall comply with UL 935 or UL 1029.

26.2.2 Fluorescent lamp starters shall comply with UL 542.

26.2.3 Equip
open-circuit pq

26.2.4 A vender employing electric-discharge lamps shall be provided with aballast int

operation of |z
the diagram of

26.2.5 A ver

but not more than 600 volts shall be provided with lampholders of.the circuit-interrupting ty

voltage end o
plainly marked
for use with in

26.26 Ane
contacted by g

26.2.7 An el
such that no
they are being

26.2.8 The {

contact with an uninsulated livé part involving a potential of more than 300 volts.

26.2.9 Exce
lamps having

a) The

ment for use with electric-discharge lighting systems in venders shall be céns
tential of not more than 1000 volts.

mps of the size for which the cabinet is constructed and shall be-wired in ac
instructions on the ballast.

der provided with an instant-start ballast which involvés a potential of more f
the lamps; except that nonshort-circuiting type.Jampholders may be used if

(visible during relamping) in letters at least 1/8\inch (3.2 mm) in height to ing
btant-start lamps.

ectric-discharge lighting system shallshave no live parts normally exposed
ersons.

bctric-discharge lighting system*which involves a potential of more than 300

tructed for an

ended for the
cordance with

han 300 volts
be at the low-
the vender is
icate that it is

that may be

volts shall be

ninsulated live parts will bé_accessible when the lamps are in place or remgved, or while

inserted or removed.

erminals of a lamp~are considered to be live parts when any terminal of that lamp is in

bt where_gelectric lampholders having recessed inaccessible contacts intende
ecessed.inaccessible contacts are employed, compliance with 26.2.7 will requ

0 for use with
ire:

use,of lampholders so constructed and wired that when a lamp is removed, t

ne potential in

that lar

1p circuitistesstham300voits;or

b) That the primary circuit is open during the relamping operation and all live parts are inaccessible
when the lamps are removed and the primary circuit is reestablished.

26.2.10 Lampholders and ballasts installed in moist areas, such as within the refrigerated compartment,
shall be constructed of moisture resistant materials or treated to resist absorption of moisture.

26.2.11

moisture-resistant material.

Other than as specified in 26.2.12, ballasts shall be provided with a housing of nonflammable,

26.2.12 With reference to 26.2.11, a ballast not provided with a housing shall be a reactor-type ballast of

the open-core-

and-coil type and be either completely enclosed or comply with 26.2.13.
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26.2.13 A vent opening in an open-core-and-coil reactor type compartment in the form of a slot or louver
shall be not more than 3/8 inch (9.5 mm) wide or more than 1-1/2 in? (9.68 cm?) in area, and any other
ventilating openings shall be not more than 1/2 inch (12.7 mm?). Ventilating openings shall not be located
in the top or bottom of a ballast compartment mounted on a vertical surface and shall be located not less
than 5 inches (127 mm) from surfaces of flammable material, except that openings in a ballast
compartment surface perpendicular to or facing away from a flammable surface shall be at least 1/2 inch

(12.7 mm) from such material.

26.2.14 The Heating Test, Section 65 shall be conducted on an electric-discharge lighting system if:

a) The ambient temperature in which a ballast operates exceeds 104°F (40°C) during the test in
Temperature and Pressure Tests, Section 63;

b) The ballast is subject to any sources of external heat, such as an electric heating glement; or
c) A lammp starter is provided.
27 Fuseholders
27.1 A fuseholder shall be installed or protected so that adjacent uninsulated high-voltage live parts,

other than thd
will not be ex
(102 mm) fro
similar materi

screw shell of a plug fuseholder, cartridge fuse clips,or'wiring terminals to
osed to contact by persons removing or replacing adfuse. A separation of lesg
the insulating body of a fuse is considered to bé<adjacent. A barrier of vulc
al employed as a guard for uninsulated high-veltage live parts shall be at le

he fuseholder,
than 4 inches
anized fiber or
ast 0.028 inch

(0.71 mm) thigk.

27.2 Fuseholders shall comply with UL 4248-1, inGonjunction with UL 4248-4, UL 424815, UL 4248-8,
UL 4248-9, Ul 4248-11, UL 4248-12, or UL 4248-18) as applicable for the class of fuseholdqr.

27.3 A plug fuseholder used in a high-voltage circuit shall be wired in the unidentified| (ungrounded)
conductor with the screw shell connected toward the load.

27.4 Plug fyseholders of the Edison-base type shall be provided with an adapter desigrled for Type S
fuses.

28 Motors

28.1 Nonhefmeticsmotors shall comply with UL 1004-1. Hermetic motor-compressors shall comply with
UL 60335-1 apd UL'\60335-2-34.

28.2 Each motor having openings in the enclosure or frame shall be arranged to prevent particles from
falling out of the motor onto flammable material within or under the vender.

28.3 The requirement in 28.2 will necessitate the use of a barrier of nonflammable material under an
open-type motor unless:

a) The structural parts of the motor or vender, such as the bottom closure, provide the equivalent of
such a barrier; or

b) The motor protective overload device provided with an open-type motor is such that no burning
insulation or molten material falls to the surface that supports the vender when the motor is
energized under each of the following fault conditions applicable to the motor type:

1) Open main winding;


https://ulnorm.com/api/?name=UL 541 2020.pdf

50 UL 541 NOVEMBER 19, 2020

2) Open starting winding;
3) Starting switch short-circuited;
4) Capacitor shorted (permanent split capacitor type); or

c) The motor is provided with a thermal motor protector (a protective device that is sensitive to
temperature and current) that will limit the temperature of the motor windings to 125°C (257°F) or
less under the maximum load at which the motor will run without causing the protector to cycle, and
from becoming more than 150°C (302°F) with the rotor of the motor locked.

28.4 The barrier referred to in 28.3 shall be horizontal, shall be located as indicated in Figure 28.1, and
shall have an area not less than that described in that illustration. Openings for drainage, ventilation, and
the like, may be employed in the barrier, provided that such openings would not permit Mmglten material,
burning insulation, or the like, to fall on flammable material.
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Figure 28.1

Location and extent of barrier

S 7

©
S

D

0
N

=

EB100A C

A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding which is partially shielded by the motor enclosure or equivalent.
B — Projection of outline of motor winding on horizontal plane.

C - Inclined line which traces out minimum area of the barrier. When moving, the line is to be always (1) tangent to the motor
winding, (2) five degrees from the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plant of the barrier.
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285

shall not result in a risk of accident.

If an automatic-reset type of protective device is employed, the automatic restarting of the motor

28.6 The requirement in 28.5 may necessitate the use of an interlock in the vender if moving parts or the
like may cause injury to persons upon the automatic restarting of the motor.

29 Motor Overload Protection

291

29.1.1

General

fuse that can he inserted into the fiiseholder

29.1.2 Over
applicable shg
the requireme

29.2 Protecfion of single-phase nonhermetic motors

29.2.1 All sin
one of the folld

a) By ¢
percen
Table 2

b) By

protect
percen
Table 3
overlog

c) Ina
d) Ina

e) In aq

A fuse shall not be used as a protective device unless the motor is protected by the largest size

current protective devices and thermal protective devices for motors™shal
rt-circuit requirements for the class of protective device and shall, in ‘addition
hts of the Limited Short-Circuit Test, Section 81.

wing:
fage of the motor nameplate full-load or maximum operating current rating 3
9.1;

A separate overload device which gombines the functions of overload an

fages of the motor nameplate.full-load or maximum operating current rating
P9.1. Such a device shall belcapable of fully protecting the circuit and mot
d and short circuit conditions;

ccordance with UL 1004-2 for impedance protected motors;
ccordance withAJ1-1004-3 for thermally protected motors; or

cordancewith 29.5 or UL 1004-7 for electronically protected motors.

Table 29.1

comply with
, comply with

gle-phase motors other than a hermetic refrigerant mator compressor shall bg protected by

separate device responsive to motor current and rated or set to trip at not fnore than the

s specified in

d overcurrent

on and is responsive to motor-current rated or set at values not greater than the

as specified
br both under

Overload relay size

Maximum percentage protection

A B
Motor with a marked service factor no less than 1.15 125 140
Motor with a marked temperature rise not more than 40°C (72°F) 125 140
Any other motor 115 130

20.2.2

In reference to 29.2.1(a) and (b), if the percentage protection specified in Column A of Table 29.1

does not correspond to the percentage value of an overload device of a standard size, the device of the
next higher size may be used. However, the overload device of the next higher size shall provide
protection no higher than that indicated in Column B of Table 29.1.
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29.3 Protection of single-phase hermetic refrigerant motor-compressors

29.3.1

20.3.2

Single-phase hermetic refrigerant motor-compressors shall be protected by one of the following:

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

b) A thermal protector integral with the motor compressor or a protective system that complies with
the applicable requirements in UL 60335-1 and UL 60335-2-34; or

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

In reference to 29.3.1(b), a motor-compressor protector or protective system,shgll not permit a

continuous cyrrent in excess of 156 percent of the motor-compressor rated load curtent on branch-circuit

selection currgnt (if the latter is marked) unless.

20.3.3

vender.

2034

a) Thel vending machine is intended for connection to a 15- or 20-ampere, 120-volt of a 15-ampere,
208- or 240-volt, single-phase branch circuit; or

b) Thg motor-compressor protector or protective system is_provided by an adjustabje speed drive
or sysfem.

Eachl component of the "protective system" mentioned in 29.3.1(b) shall be provided as part of the

The yalues of rated-load current and branéh-circuit-selection current specified in 29.3.2 shall be

the values marked on the vender nameplate. For*a cord-connected vender or a permanently connected
vender marked with a single-ampere rating, the rated load current as specified in 29.3.R shall be the
current drawn by the motor-compressor during the Temperature and Pressure Test, Section B3.

29.4 Protection of three-phase motors

2941

Threg-phase motors shall be protected by:
a) Three properly rated overcurrent units, each complying with 29.2 or 29.3; or

b) Other protective methods if the methods provide protection under primary singlg-phase failure
conditions when supplied from wye-delta or delta-wye connected transformers. Water coolers with
such gretective methods shall be marked as described in 103.20.

29.5 Protective electronic circuits

29.5.1

A protective electronic circuit providing motor protection in accordance with 29.2, 29.3 or 29.4

shall comply with one of the following:

a) Deleted
b) UL 60730-1 and the specific applicable UL 60730 Part 2 Standard.
c¢) Paragraph 30.1.30 and the Protective Electronic Circuits Tests, Section 95; or

d) Not create any risk of fire, electric shock or injury to persons under abnormal conditions with the
protective electronic circuit rendered ineffective (open or short-circuited), e.g. use of a redundant
circuit or control.
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29.5.2 With reference to 29.5.1, the following items shall be considered when evaluating the
acceptability of a motor protective electronic circuit:

a) A failure-mode and effect analysis (FMEA);
b) Electrical supervision of critical components resulting in a trouble indication;
c) Temperature ranges are as follows;

1) Indoor Use: 0.0 +2°C (32.0 +3.6°F) and 40.0 +2°C (104 +3.6°F);

2) Protected Locations and Outdoor Use: -35.0 +2°C (-31.0 +3.6°F) and 40.0 +2°C (104
+3.6°F);

d) Cycling Test duration shall be 14 days;
e) Endyirance Test duration shall be 100,000 cycles;

f) Radip-frequency electromagnetic field immunity: radiated electromagnetic fields |- Evaluate in
accordance with 95.3.4 and 95.3.2;

g) Exposure to humidity with the following conditions:
1) Indoor use: 21.1 — 26.7°C (70 — 80°F) and minimum’50 percent relative hunjidity;
2) Protected Locations and Outdoor Use: minimum 98 percent relative humidity;
h) Electrical Fast Transient/Burst Immunity Test:

1) Indoor Use: Test Level 3;

2) Protected Locations and Outdoor Use: Test Level 4;
i) Radi¢-frequency electromagneticfield immunity: conducted disturbances — Test Level 3;
j) Surge Immunity Test:

1) Indoor Use: Class 3;

2) Protected.Locations and Outdoor Use: Class 4;

k) Elec}rostatic.Discharge Test — Severity Level 3 for:

1) €ontrol discharge of up to 6 kV for accessible metal;

2) Air discharge of up to 8 kV for accessible metal parts of insulating material.

I) Voltage Dips and Interruptions — Evaluate in accordance with 95.3.8 and 95.3.2;

m) Harmonics and Interharmonics — Evaluate in accordance with 95.3.9 and 95.3.2; and

n) Calibration (deviation and drift): Evaluate in accordance with 30.1.21 for a temperature
protective control or 30.1.22 for a pressure protective control.

29.5.3 Software in a protective electronic circuit required as part of a motor protective device or system
shall comply with one of the following:

a) Deleted

b) UL 60730-1 as well as the specific applicable Part 2 and be software Class B.
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c¢) Software Evaluation, Annex R in UL 60335-1 and be software Class B; or

d) Not create any risk of fire, electric shock or injury to persons under abnormal conditions with the
software rendered ineffective, e.g. use of independent redundant protective devices.

30 Switches and Controllers

30.1

30.1.1

General

A motor controller shall be provided for each motor:

a) For permanently connected venders— the branch circuit overcurrent device may serve as the

contro
runnin
a cloch

b) For
for mo

30.1.2 Othe
load which it g
in determinin
temperature

specified in 7%

30.1.3 Asin
not be conneq

[ers for motors rated 178 horsepower (93 VV_oulput) or less which are inie
j and are so constructed that they cannot be damaged by overload or failure-iq
motor, and the like;

cord connected venders — the attachment plug and receptacle may serve as
fors rated at 1/3 horsepower (249 W output) or less.

I than as specified in 30.1.4 — 30.1.11, a switch or other control device shall b
ontrols, as determined in the Temperature and Pressure Tests, Section 63. Ite
g the device rating include the voltage, current,{power factor, control d
bnd other similar parameters. Power factor requirements for each specific
9.

hle-pole switching device, including an autematic control having a marked "off"
ted to the identified (grounded) conducter.

ference to 30.1.2, a switch not rated for the load controlled and that does n
.11 shall comply with the requirements of the Overload and Endurance Te

30.1.4 Inre
30.1.4 — 30.1
Devices, Sect
30.1.5 Ifab

(controller) fo
this marked v

30.1.6 A ms
compressor W

ion 75.

ranch circuit selection current value is marked on a vender, a switch or other
- a hermetic refrigerant motor-compressor shall have a full-load current rating
blue plus any additional loads controlled.

ith or without other loads shall have a current rating that is at least 115 percent

a) Ra‘

ded to be left
start, such as

the controller

e rated for the
ms to consider
bvice ambient
load type are

position, shall

bt comply with
5t — Switching

control device
not less than

nually operated switch with a marked off position that controls a hermetic reffigerant motor-

of the sum of:

of the motor-

ed load current, maximum rated current or branch-circuit selection current

COmpressor, whicheveris greater; and

b) The

rated current for other controlled loads.

30.1.7 The values of current specified in 30.1.6 shall be the values marked on the vender nameplate as
required by 103.1.

30.1.8 The current interrupting capacity of a switching device that controls a motor load, such as a
motor-compressor, shall equal the locked-rotor current, maximum operating current or maximum rated
current of the largest motor load plus the full load or maximum operating current of any other loads
controlled by the switch.

30.1.9 A switch that controls an inductive load, such as a transformer or an electric-discharge-lamp
ballast, shall have a current rating of not less than twice the total marked current ratings of the transformer,
ballast, or other equipment which it controls.
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30.1.10 A switch that controls a medium-base lampholder of other than a pilot or indicating light shall be
rated for use with tungsten-filament lamps.

30.1.11  For use with tungsten-filament lamp loads:
a) A switch shall have a T or L rating equal to the tungsten-filament lamp load;

b) A general-use alternating-current snap switch, a circuit breaker, or a nonautomatic circuit
interrupter are acceptable for controlling tungsten-filament lamps at their full ampacity; and

c) A switch having an alternating-current ampacity of six times or more of the tungsten-filament
lamp load is acceptable without additional test.

30.1.12 If CiIICUit breaker or switch handles are operated vertically, the "UP" position shall be the "ON"
position.

30.1.13 Each circuit breaker used as a switch in 120 volt fluorescent lighting Gircuits shdll be rated as
indicated in 303.1.9 and shall be marked "SWD."

30.1.14 A pfotective control, other than a motor or motor-compressor. overload protectjve device as
specified in M¢tor-Operated Protection, Section 29, shall comply with/on€ of the following:

a) Deldted,

b) UL p0730-1 and UL 60730-2-6. The endurance“cycle requirements in Table AA.1DV of UL
60730-2-6 for cut-outs shall be applied.

¢) UL §0730-1 and UL 60730-2-9. The endurance cycle requirements in Table CC.2 of UL 60730-2-
9 for cyt-outs shall be applied.

d) Delgted;
e) UL §508;
f) Deleted;
g) UL §1058-1; or

h) Parggraph 30£4:29 and the Protective Electronic Circuits Tests, Section 95.

30.1.15 Inrefference to 30.1.14 (e) — (h), the endurance cycle requirements in UL 60730-219, Table CC.2
for cut-outs shpllbe applied to such controls.

30.1.16 With reference to 30.1.14 (b), (c), (g) and (h), when determining the acceptability of a protective
control, the control pollution degree shall be as specified in 52.3 (a) — (d). If the protective control:

a) Has a protective electronic circuit, the items in 29.5.2 (a) — (k) shall be considered; and

b) Uses software as a required part of the protective electronic circuit, the software shall comply
with 29.5.3(b) or (c).

30.1.17 Except as specified in 30.1.23, an operating control, including of the electronic type, shall comply
with:

a) One of the standards specified in 30.1.14;

b) The requirements in this Standard as far as they reasonably apply; or
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c) UL 244A, UL 508C, or UL 917.

30.1.18 A general-use snap switch shall comply with UL 20.

30.1.19 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, to interrupt current, shall be suitably rated for current interruption of the specific type of
load, when evaluated with its mating plug or connector.

30.1.20 A protective control shall:

a) Be an integral part of the product; and

b) Co

30.1.21 The
+10°F (£6°C)

30.1.22 Thd
not exceed 1(

30.1.23
device shall d
shall be an int

30.1.24 An
a) Sh
Imped
in Clay

b) If ug
60730

30.1.25 An

a) For
accord

b) Cat

trol the 1oad(s) directly except as specitied in 30.1.22.

cutout calibration temperature of a heater protective (temperature-limiting) G
of its maximum marked set-point temperature.

cutout calibration pressure of a pressure protective control (pressure-limitin
5 percent of its maximum marked setting.

If @& protective control indirectly controls the load through a switching device,

omply with the endurance cycle requirements in301.14 or 30.1.15. The sw
egral part of the product.

bperating control not complying with 30.1.17.

all be powered entirely by no more than one low-voltage circuit; comply wi
ance Test in UL 508; or comply with the low-power test requirement determine
se 19.11.1 of UL 60335-1; and

ed to control a motor-compressor, shall comply with the endurance cycle requ
-2-9, Table CC.2, for air conditioning and refrigeration applications.

ance withrthe voltage surge testing in 95.3.6 and comply with the results speci

pgory-lishall be the overvoltage category;

bperating control that complies with 30.1.17 shall also comply with the following:

ontrol shall be

j device) shall

the switching
itching device

h the Limiting
d as specified

rements in UL

electronic controls — Installation Class 2 for electromagnetic compatibility (EMC) shall be in

fied in 95.3.2;

c) Insulating materials shall have a minimum comparative tracking index (CTI) of

100 (Material

Group
d) The

e) The

ny;
applicable pollution degree shall be as specified in 52.3 (a) — (d); and

endurance cycle requirements specified by either:

1) Table CC.2 of UL 60730-2-9, with the operating control (limiters) endurance cycle

requirements being applied; or

2) The Overload and Endurance Test — Switching Devices, Section 75.

30.1.26 Appendix A, specifying the operating and protective ("safety critical") control functions, shall be
referenced to determine whether a control function is considered to result in a risk fire, electrical shock, or
injury to persons.
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30.1.27

device, the switching device endurance cycle requirements shall be as specified in:

a) 30.1.

24(b) if the switching device controls a motor-compressor; or

b) 30.1.

30.1.27.1

25(e) if the switching device controls a load other than a motor-compressor.

If an operating control complying with 30.1.17 indirectly controls a load through a switching

If an operating control referenced by 30.1.24 indirectly controls a motor-compressor through a

switching device, the switching device endurance cycle requirements shall comply with 30.1.24(b).

30.1.28

If a control can be used to reduce the risk of fire, electric shock or injury to persons under

abnormal operating conditions of the appliance, but a redundant control (of similar or different design)

operates to pg
relied upon as|
the protective
required to co
requirements i

30.1.29 Ath
60730-1 or UL

I—I:UIIII ti 1c ;UIUI It;bdi fullbtiull, t;IU b;lbu;t Di Id“ bc cvaiuatcu' tU UIGtUIIII;IIU VV;I;L;;I
control requirements in 30.1.14. The control determined to be the operating

mply with the protective control requirements but shall comply with thé opg
n 30.1.23 or with 30.1.17 and 30.1.24.

ermistor shall comply with the Requirements for Controls Using“Thermistors,

the protective control. The control determined to be the protective control-sh3

1434. The calibration shall be as specified in 30.1.20, if a thermistor is used:

ontrol will be
[l comply with
control is not
rating control

Annex J in UL

a) To rg¢duce the risk of fire, electric shock or injury to personsyunder abnormal operafjng conditions

of the &

b)Ino
be 6,0(

30.1.30 A pn
circuit:

a)Inw
whose

b) Sha

specifigd in Fault Conditions*Abnormal Tests, Section 95.2;

c)Inw

specifi¢

device
the ove

IEC 60

with the Fuse

ptective control as referenced in 29.5:1%(c) or 30.1.14(h) and having a protec

C

hich an overcurrent protective device opens during application of any of the fa

ppliance, the minimum number of endurance cyclés shall be 100,000.

her sensing applications of the appliance, the.minimum number of enduranc
0.

hich electronic disconnectionl-of the circuit could fail, shall have at least twq
ombined operation provides‘the load disconnection;

| prevent a risk of fire, electric shock or injury to persons under the relevant fz

d in Fault)Conditions Abnormal Tests, Section 95.2, shall utilize an overcur
complying*with the requirements applicable to that component. The fault con
rcurrent protective device to open shall be repeated and the overcurrent pro

e cycles shall

ive electronic

components

ult conditions

ult conditions
ent protective
dition causing
tective device
complies with

fonally comply

d) In which a conductor of the printed wiring board becomes open-circuited during the fault
conditions test in Fault Conditions Abnormal Tests, Section 95.2, then:

1) The printed wiring board shall comply with the Needle-Flame Test, Annex E of UL 60335-
1 or have a minimum flammability rating of V-0 when tested in accordance with the vertical

flame test described in UL 94;

2) Any loosened conductor shall not reduce spacings below the values specified in the

relevant Sections 50 — 52; and

3) The specific test in which the printed wiring became open-circuited shall be repeated a

second time. There shall be no risk of fire, electric shock or injury to persons

and spacings

shall not be reduced below the values specified in the relevant Sections 50 — 52;
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e) Shall maintain its required functions when subjected to the EMC related stresses specified in the
Electromagnetic Compatibility (EMC) Tests, Section 95.3; and

f) That relies upon a programmable component for one or more of its safety functions shall be
subjected to the Programmable Component Reduced Supply Voltage Test, Section 95.4, unless
restarting at any point in the operating cycle after interruption of operation due to a supply voltage
dip will not result in a risk of fire, electric shock or injury to persons. The test shall be carried out
after removal of all batteries and other components intended to maintain the programmable
component supply voltage during supply source (mains) voltage dips, interruptions and variations.

Adapted by UL from IEC 60335-1, Ed. 5.1 b:2013 with permission of the American National Standards Institute (ANSI) on behalf of
the International Electrotechnical Commission. All rights reserved.

30.2 Relayg

30.2.1
venders.

30.2.2 Each coil winding shall be impregnated, dipped, varnished, er“equivalently trg
moisture.

absorption of

30.2.3 Rela
Undervoltage

30.3 Remotely operated venders

30.3.1  Any
considered w

30.3.2 Exce
of the control
external comr

30.3.3 Inr

operation, exfernal communication or receiving/sending data signals shall be:

In adldition to the requirements of 30.1.2 — 30.1.8, the following also apply to

ys shall perform as intended within the voltage range indicated in the O\

nen determining normal and abnormal-conditions of the appliance.

pt as specified in 30.3.3, a manual control shall be provided on a vender such

hunication or receiving/sending data signals.

Tests, Section 80.

vender function enabled in response-1o external communication or data si

is required before the vender can be operated in any mode that permits remn

ference to 30.3(2)*a vender not provided with a manual control for act

elays used in

ated to resist

ervoltage and

gnals shall be

that actuation
ote operation,

uating remote

a) Capable of remote operation, external communication or receiving/sending data signals only

within Jine-of=sight; or

b) Lim|ted\only to monitoring external communication or data signals.

30.3.4 A vender shall include a means to manually disconnect, disable or override any remote operation
commands, external communication or data signals. If the vender attachment plug and receptacle serve
as the manual means to disconnect data signals or remote operation commands, the vender shall comply

with 30.1.1(b)

and 106.6.

30.3.5 A control that operates in response to remote operation commands, external communication or
data signals shall not introduce an operating condition or state that could result in a risk of fire, electric
shock or injury to persons. In addition, such a control shall not:

a) Render inoperative any protective control or protective control function within the vender;

b) Alter the order of control response such as by forcing a protective control to operate instead of
another control that would normally be intended to respond;
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c) Reset any protective manual reset feature;
d) Supersede the response of any protective control;
e) Allow remote shut-off of a vending machine intended for use with potentially hazardous foods; or
f) Alter the response to or expected performance of:
1) User actuation of controls, movement of doors, covers, grills, filters or the like; or

2) User interaction with any parts of the vender that could result in exposure of electrical
parts, moving parts, hot parts or radiation that could result in a risk of fire, electric shock or
injury to persons.

30.3.6 Comgliance with 30.3.5 shall be determined by one of the following methods:

a) Using methods appropriate for determining the performance and reliability '6f protective control
functiops in accordance with Switches and Controllers — General, Section 30.1; or

b) Examining the vender circuit diagram(s) to determine that a contrelMvhich operatds in response
to remjote operation commands, external communication orxdata signals opé¢rates wholly
indepehdent of the vender protective controls, and therefore is inecapable of adversely affecting the
operatipn of any protective controls.

31 Transformer Protection
31.1 High-voltage transformers

31.1.1 Atrarjsformer (including an autotransformer), other than one as described in 31.1.8,|is considered
to be a high-vpltage transformer and shall comply with UL 5085-1 and UL 5085-2. Except gs specified in
31.1.2, the trapsformer shall also:

a) Be provided with thermal overlead protection in accordance with the requirements in 31.1.3;

b) Be protected by an overcurrent device in accordance with the requirements in 31.1|5; or

c) Comply with the Burnéut Test — High-Voltage Transformers, Section 77.

31.1.2 A trarjsformer-net complying with 31.1.1(a), (b) or (c) shall be:

a) Used only to energize a motor control circuit;

b) RatedTess than 50 VA; and

c) Located within the same enclosure as the motor-controller.

31.1.3 If 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 for the class of insulation employed in the windings. See Overload Test
— High-Voltage Transformers, Section 79. If 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 77.

31.1.4 A thermal cutoff shall comply with the requirements of UL 60691.

31.1.4.1 In reference to 31.1.3, a manual or automatic-reset thermal protector shall comply with 30.1.17
and 30.1.25. The calibration of the thermal protector shall comply with 30.1.21.
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31.1.5 An overcurrent device used to protect a high-voltage transformer shall comply with the
requirements specified in 31.1.6, 31.1.7, 31.2.1 and 31.2.2.

31.1.6 Other than as noted in 31.1.7, each high-voltage transformer shall be protected by an overcurrent
device or devices located in the primary circuit. The overcurrent protection shall be rated or set as
specified in Table 31.1. See 31.2.1.

Exception: If the rated primary current of the transformer is 9 A or greater and 125 percent of this current
does not correspond to a standard rating of fuse or circuit breaker, the next higher standard rating of
protective device is acceptable. Standard ratings of protective devices are specified in ANSI/NFPA 70.

Table 311
Rating of overcurrent devices
Rated primary current, amperes Maximum,rating of pvercurrent
Transformer other than an Autotransformer device; percent of {ransformer
autptransformer primary currenit rating
Less than 2 - 300°
2 or more, less fthan 9 Less than 9 167
9 or more 9 or more 125
@ May be increafed to 500 percent if transformer supplies a motor control circuit.

31.1.7 If thg circuit supplying a transformer, other than an ‘autotransformer, is provided with overcurrent
protection rated or set at 250 percent or less of the rated primary current of the transformer, additional
overcurrent protection is not required in the primary circuit if:

a) Thg secondary circuit is protected at 425 percent or less of the rated secondary| current of the
transf@rmer; and

b) The overcurrent protection in.the-secondary circuit is provided as part of the vende

bl

Exception No| 1: If the rated secondary current of the transformer is 9 A or greater and 125|percent of this
current does hot correspond td_a)Standard rating of fuse or circuit breaker, the next higher §tandard rating
of protective |device shall be_tised in the secondary circuit. Standard ratings of protectiie devices are
specified in ANSI/NFPA 70.

Exception No| 2: If.the’rated secondary current of the transformer is less than 9 A, the overcurrent device
or devices in thesecondary circuit complies when the overcurrent device or devices are ratdd or set at 167
percent or lesis of'the rated secondary current.

31.1.8 A transformer that directly supplies a ANSI/NFPA 70, Class 2 circuit (see 50.2) shall limit the
output current (inherently limited transformer), or be equipped with an overcurrent device (not inherently
limited transformer), in accordance with UL 5085-1 and UL 5085-3.

31.2 Overcurrent protective devices

31.2.1 Overcurrent protection in the primary circuit of a transformer, as described in 31.1.6, need not be
provided as part of the vender if, based on the marked rating or ratings of the vender, the rating of the
branch circuit overcurrent protective device or devices does not exceed the values specified in 31.1.6.

31.2.2 Arequired transformer overcurrent protective device(s) provided as part of the vender shall:

a) Be provided for all ungrounded conductors;
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b) Be sized in accordance with requirements in 31.1.6 and 31.1.7, as applicable;

¢) Have a voltage rating not less than the circuit in which it is used; and

d) Be a circuit breaker acceptable for branch circuit protection, or 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
103.21.

Exception: If a transformer supply is tapped from a circuit supplying other loads in the vender, 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 81.1. If the supplementary type device used is a

fuse, the vender shall be marked in accordance with the requirements in the exception to 103.21.

32 Valves a|||d Solenoids

32.1 Anelec

32.2 Ifavaly
without damag

frically operated valve or solenoid shall comply with UL 429.

e must be cleaned periodically, the arrangement shall permit this operation to
e to the electrical parts of the valve or wiring.

33 Batterieqd and Battery Chargers

33.1 A lithiu
cells in UL 16
applicable req

33.2 Rechar
shall comply v
cells or battery
33.3 Abatte
34 CircuitB

34.1 Circuit
circuitry shall ¢

34.2 Circuit
grounded neu

2. A lithium ion multiple cell battery, and a lithium ion battery pack, shall co
Lirements for secondary lithium cells or battéry packs in UL 2054.

geable nickel cadmium (Ni-Cad) and-hickel metal-hydride (Ni-MH) battery ce
vith the requirements in this standard and with the applicable requirements
packs in UL 2054.

y charger shall comply with43.1.
reakers, Fusing Resistors and Supplementary Protectors

breakers shall comply with UL 489. In addition, circuit breakers used in teleco
omply with, i 489A.

breakers used to protect circuits having more than one ungrounded cond

be performed

M ion (Li-On) single cell battery shall comply with the requirements for secondary lithium

mply with the

lIs and packs
for secondary

mmunications

uctor and no
d conductors.

ralshall be of the multipole common trip type arranged to open all ungrounde

Lhandla-t doac-n nitanlf Aot b o

The use of exterr

a o e a okl 1 cormman-too-machanicm
CTrrar rarnurc S U S TTIOTTH T ItSTTT COUTTStOtCa COTT o a o T oraritSTT.

34.3 Fusing resistors shall comply with UL 1412.

34.4 Supplementary protectors shall comply with UL 1077.

34.5 A fusing resistor or supplementary protector shall not be used in place of a circuit breaker or
protective control.

35 Connectors

35.1

Single and multipole connectors for use in data, signal, control and power applications within and

between electrical equipment, and that are intended for factory assembly to copper or copper alloy

conductors, or

for factory assembly to printed wiring boards, shall comply with UL 1977.


https://ulnorm.com/api/?name=UL 541 2020.pdf

NOVEMBER 19, 2020 UL 541 63

36 Electrical Cable, Conduit and Tubing

36.1  Aluminum or steel armored cable shall comply with UL 4. Nonmetallic sheathed cables shall comply
with UL 719.

36.2 Flexible metal conduit shall comply with UL 1. Rigid steel conduit shall comply with UL 6.

36.3 Electrical steel tubing shall comply with UL 797.

37 Electrical Insulation Systems

37.1 Film-cpated—wire—ormaterialsused-in-an-insulation-system-that gperates—at-orabove Class 105

(Class A) shall comply with UL 1446. The requirements for film-coated wire or materials.tsgd in insulation
systems that pperate below Class 105 (Class A) are unspecified.

37.2 Insulating tape shall comply with UL 510.

37.3 Insulat|ng sleeving shall comply with UL 1441.

37.4 Insulating tubing shall comply with UL 224.

38 Electromagnetic Interference Filters

38.1 Electrogmagnetic interference filters shall comply withhUL 1283 or UL 60939-3.
39 Fuses

39.1 Unlesq otherwise specified, fuses shall'comply with UL 248-1, in conjunction with (UL 248-4, UL
248-5, UL 248-8, UL 248-9, UL 248-10, UL'\248-11, UL 248-12, or UL 248-15, as applicable for the class of
fuse.

39.2 If a supplementary fuse is-permitted in accordance with the requirements in this stgndard, such a
fuse shall comply with UL 248-1, in conjunction with UL 248-14.

40 Heaters

40.1 Electri¢ resistance heating elements shall comply with the construction requirements in UL 499 or
UL 1030.

40.2 The requirements in Heating Test, Section 65 shall be conducted on a vender provided with an
electric resistance heating element.

41 Optical Isolators and Semiconductor Devices

41.1 An optical isolator shall comply with UL 1577 if it is relied upon to provide isolation between:
a) Primary and secondary circuits;
b) Extra-low-voltage safety circuits; or

c¢) Other high-voltage circuits.
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41.1.1 In addition to complying with 41.1, an optical isolator relied upon to provide feedback between
primary and secondary circuits of a switch mode power supply unit shall have a minimum isolation voltage
of 1500V.

41.2 A power switching semiconductor device that is relied upon to provide isolation to ground shall
comply with UL 1557. If the switching semiconductor is used as part of a switch mode power supply unit, it
shall have a minimum isolation voltage of 1500V.

42 Outlet Boxes

42.1 Outlet boxes shall comply with UL 514A or UL 514C. Fittings shall comply with UL 514B. Cover
plates shall comply with UL 514D.

43 Power Suipplies

43.1 A powef supply shall comply with one of the following:
a) ForI Class 2 Power Supply, UL 1310 or UL 60950-1;
b) For @& power supply that is other than Class 2, UL 1012 or UL 60950-1; or

c) For @ switch mode power supply unit not complying with\(a) or (b), the relevant requirements in
this Standard, including the Switch Mode Power Supply, Units — Overload Test, Secfjon 81A, shall
be applied.
43.2 Deleteq
44 Receptagles
441 Receptacles shall comply with UL 498.

442 Unless|intended to be connected to a power supply separate from that supplying ¢ther loads, a
receptacle shall be rated at 15 or 20~amp, 125 or 250 V.

44.3 Receptacles shall be of.the grounding type.

44 4 Receptacles shall’be mounted with the receptacle face not less than 60 degrees from|the horizontal
and located sq thatdiguid due to overflow, splashing, leakage, and cleaning will not enter.

naobhallba nronidad o ot Af th A A Ay £ A hracan ol

445 Overcukrentprotection-shall-beprevided-aspartof-the-venderforeachreeeptacte—he overcurrent
protection shall be provided by a circuit breaker(s) or fuse(s) acceptable for branch circuit use.

45 Terminal Blocks
45.1 Terminal blocks shall comply with UL 1059, and, if applicable, be suitably rated for field wiring.

452 With reference to 45.1, if a fabricated part performs the function of a terminal block, the part shall
comply with Terminals, Section 14.2, Current-Carrying Parts, Section 19, Insulating Material, Section 20,
and the spacings requirements as applicable to the type of circuit as specified below:

a) High-Voltage Circuits, Section 50; or

b) Low-Voltage Circuit, Section 51.
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453

If a fabricated terminal block complies with the alternate spacings requirements in Alternate

Spacings — Clearances and Creepage Distances, Section 52, but not with the spacings requirements in
High-Voltage Circuits, Section 50, the terminal block shall not be used for field wiring.

46 Wireways, Auxiliary Gutters and Associated Fittings

46.1 Wirewa

ys, auxiliary gutters and associated fittings shall comply with UL 870.

47 Solar Photovoltaic Systems

47 1
common shal

comply with Ul 1703

47.2 A chafge controller, inverter, converter or other components intended for use\as

system shall g

47.3 A veng
interrupter (G

a) Cor

b) Inte

47.4 With re
result in grout

475 A ven
supplying pov
ampacity of
converters, in
be of the type

476 A mea
any additiona

FCI) complying with UL 943. If the vender is:
g-connected, the GFCI shall comply with 15.3 — 15.5;

hded for permanent connection to the source of elettrical supply or is a stand-
system, the GFCI shall be in the circuit supplying power.from the PV modules or cellg

der with a solar PV, system shall be provided with overcurrent protection

omply with UL 1741.

er with PV modules or cells shall be provided with a factory installed grour

or

’

1) Automatically disconnect the ungrounded’conductors of the faulted circuit;

Solar photovoltaic (PV) modules or PV cells on a vender or on a frame or other support they have in

part of the PV

d-fault circuit-

hlone solar PV

and shall:

pr

2) Enable the inverter or charge contreller fed by the faulted circuit to automatically cease

supplying power to the output circuits-

ference to 47.3, manual operation of the main PV disconnect shall not activa
ded conductors becoming ungrounded.

er from the PV modules or cells. The overcurrent protective device size shall

that is suitable for branch circuit protection.

s shall be provided to disconnect all current-carrying conductors of a solar R
I\power source, such as batteries, from all other conductors within the

disconnecting

means shall be readily accessible and provided with the marking in 103.26.

47.7 Avender with an interactive solar PV system shall be provided with a:

e the GFCI or

in the circuit

not exceed the
the solar PV System source conductors, the marked rating of the charge controllers,
verters or 125.percent of the inverter output current. The overcurrent protecti

e device shall

V system and
vender. The

a) Dedicated and marked field wiring termination means of connection. This means shall include
the branch circuit overcurrent protective device as required by 47.5;

b) Means to disconnect and isolate the inverter from all other circuitry within the equipment; and

c¢) Secondary, independent means of controlling the battery charging process when the utility is not
present or when the primary charger controller fails or is disabled.

47.8 Charging circuits used with PV supplies shall comply with 43.1.
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47.9 A vender that includes battery or electrical energy storage devices shall not have more than twenty-
four 2 volt cells connected in series (48 volts nominal).

47.10 Overcurrent protection rated 50 volts (48 volts nominal) shall be installed in each battery circuit.
The protection shall be accessible and be located adjacent to or near the batteries.

48 Information Technology Equipment

48.1 Information technology equipment such as a printer, visual display unit, router, communication
connectors/data ports or computer shall comply with UL 60950-1.

49 Across-The-Line Capacitors, Antenna-Coupling Components, L ine-Bypass Components and

Fixed Capacitors for Use in Electronic Equipment
49.1 Deleteq
49.2 Deleteq
SPACINGS
50 High-Voltage Circuits
50.1 The follpwing electrical spacing requirements apply tohigh-voltage circuits as defined fin 5.20.

50.2 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 50.1.

Table 50.1
Electrical Spacings in‘refrigerated and/or air-handling compartments

Ratings Minimum spacing in inches (mm)
Volt- Volts Through air® Over surface® To englosure®
amperes
0-2000 0-300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
More than 0 - 150 1/8° (3.2) 1/4 (6.4) 12 (12.7)
2000
151 — 300 1/4 (6.4) 3/8 (9.5) 12 (12.7)
301 -600 3/8 (9.5) 12 (12.7) 12 (12.7)

@ If over 300 volts, spacings in last line of table apply.

® The spacings between wiring terminals of opposite polarity, or between a wiring terminal and ground, shall be not 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, the
spacing need not be greater than that given in this table. Wiring terminals are those connected in the field and not factory-wired.

¢ Includes fittings for conduit or metal-clad cable.

4 At points other than field-wiring terminals, 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 an cooled surfaces:

1/16 inch (1.6 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.
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50.3 The "Through Air" and "Over Surface" spacings given in Table 50.1 and Table 50.2 at an individual
component part are to be based on the total volt-ampere consumption of the load or loads which the
component controls. For example, the spacings at a component which controls only the compressor motor
are based on the volt-amperes of the compressor motor. The spacings at a component which controls
loads in addition to the compressor motor are based on the sum of the volt-amperes of the loads so
controlled, except that spacings at a component which independently controls separate loads are based
on the volt-amperes of the larger load. The volt-ampere values for the aforementioned loads are to be
determined by the marked rating of the loads, except that for loads which are not required to have a
marked rating, the measured inputs is to be used in determining the volt-ampere values.

Table 50.2

Ratings Minimum spacing in inches (mm)
Volt- Volts Through air Over surface To englosure?®
amperes
0-2000 0-125 116 (1.6) 1/16 (1.6) 1/4 (6.4)
125-250 3/32 (2.4) 3/32 (2.%) 1/4 (6.4)

NOTE - The sppcings indicated are applicable only to electrical components mounted in totally enclosed nonrefrigerated and/or
nonair handlinglcompartments which are free of moisture, including that caused by ¢ehdensation. At wiring terminpls and for
circuits over 25( volts or over 2000 volt-amperes, spacings in Table 50.1 apply.
2 Includes fittings for conduit or metal-clad cable.

50.4 With r¢ference to 50.2 and 50.3, the spacings te~enclosure are not to be applied t¢ an individual

enclosure of 3 component part within an outer enclosure-or cabinet.

50.5 All unin
they were pa
judged on the

50.6 The ah
vender, such
like, for which
clearance res|
dead metal of

sulated live parts connected to different circuits shall be spaced from one ang
ts of opposite polarity in accordance with the requirements indicated above
basis of the highest voltage involved.

ove spacing requirements do not apply to the inherent spacings of a compon
as a hermetic moterseompressor, motor, snap switch, controller, attachment

spacing requirements are given in a standard for the component. However
ulting from the 'assembly of a component into the complete machine, includin
enclosuresishall be as indicated herein.

50.7 An instilating-lining or barrier of fiber or similar material employed where spacings w:

be less than

he\required values shall be no less than 0.028 inch (0.7 mm) in thickness a

ther as though
and are to be

ent part of the
-plug, and the
| the electrical
g clearance to

buld otherwise
nd shall be so

located or of s

uch-materialthatitwillnot be nrl\/nrcnly affected hy nrr\ing_

Exception No. 1: Fiber no less than 0.013 inch (0.3 mm) in thickness may be used in conjunction with an

air spacing of

no less than 50 percent of the spacing required for air alone.

Exception No. 2: Material having a lesser thickness may be used if it has equivalent insulating,
mechanical, and flammability properties when compared with materials in thicknesses specified above.

50.8
voltage of the

system shall be employed in applying the spacings indicated in this section.

If higher than rated potential is developed in a motor circuit through the use of capacitors, the rated

Exception: If the developed steady-state potential as determined in the Temperature and Pressure Tests,
Section 63, exceeds 500 volts, the developed potential is to be used in determining spacings for the parts
affected.
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50.9 The spacing between uninsulated live terminals of the components in an electric-discharge lamp
circuit and a deal metal part or enclosure shall be not less than 1/2 inch (12.7 mm) if the potential is 600
volts or less and not less than 3/4 inch (19.1 mm) if the potential is 601 — 1000 volts.

51 Low-Volt

51.1

age Circuits

The following electrical spacing requirements apply to low-voltage circuits, as defined in 5.25.

51.2 A circuit derived from a source of supply classified as a high-voltage circuit, by connecting
resistance in series with the supply circuit as a means of limiting the voltage and current, is not considered
to be a low-voltage circuit as defined in 5.25.

513 The spelacings for low-voltage electrical components which are installed in a circuit wh

pressure-limiti

grounded circyiit may result in unsafe operation of the vender shall comply with the following:

a) The
for the

b) The
termina

spacing between an uninsulated live part and the wall of a metal énclosure, in

spacing between field wiring terminals, regardless of polarity, and between t
| and a dead metal part, including the enclosure and<ittings for the connecti

which fnay be grounded when the device is installed, shall.be at least 1/4 inch (6.4 mr]

c) The
live pa
is insta
such th

spacing between uninsulated live parts, regardless of polarity, and between 4
t and a dead metal part, other than the enclosure, which may be grounded wh
lled, shall be not less than 1/32 inch (0.8:mm) provided that the construction
at spacings will be maintained.

51.4 The spacings in low-voltage circuits which do not contain devices such as indicated i

specified.
52 Alternatg

52.1 Except
to the specifie

a) High

b) Low.

Spacings — Clearances and Creepage Distances

as specified in 52:2the spacings requirements in UL 840, are applicable as
| spacings requirements in the following:

chincludes a

ng device, motor overload protective device, or other protective device; where a short or

tluding fittings

connection of conduit or metal-clad cable, shall be not less than 1/8 inch (3.2 npm).

ne field wiring
pbn of conduit,

n).

n uninsulated
en the device
of the parts is

h 51.3 are not

an alternative

52.2 The sp
or between un

52.3

-\oltage Circuits, Section 50; and

Voltage Circuits, Section 51.

hotA e rac e ot 1 1T OAN cbhall mat ba iead for conan machaoahauaan fiald vy
\JIIIHO IUqUIIUIIIUIILO UL UV olTidinT 1iuvlt ve uoou 17Ul O'JCIUIIIyO LA2%AAA2 R LAY\ N A 4
insulated live parts and a metal enclosure.

ring terminals

Items (a) — (f) shall be considered when evaluating an appliance to the requirements in UL 840:

a) Hermetically sealed or encapsulated enclosures are identified as pollution degree 1.

b) Coated printed wiring boards are identified as pollution degree 1 if they comply with one of the
following:

1) Printed wiring board coating performance test of UL 840; or

2) Conformal coating requirements as outlined in UL 746E.

c) Indoor use appliances are identified as pollution degree 2.
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d) Outdoor use appliances are identified as pollution degree 3.

e) Category Il is the overvoltage category.

f) Printed wiring boards are considered as having a minimum comparative tracking index (CTI) of
100 unless further investigated for a higher CTI index.

52.4 Clearance B (Controlled Overvoltage) clearances as specified in UL 840 shall be achieved by
providing an overvoltage device or system as an integral part of the vender.

CARBONATION SYSTEM

53 General

53.1 Partso

53.2 A high{
be provided W

53.3 A pres
shall be no sh

53.4 Pressu
that moisture

pressure regulator or reducing valve for a carbonation system shall'comply w
ith a vender having such a system.

sure-relief valve shall comply with 59.2.1 and be installed_in the carbonation
utoff valve between the relief valve and any parts of thecarbonation system ur

re relief valves in a pressurized product system:shall be positioned, located
discharged through the relief valve will not wet‘uninsulated live parts.

PRODUCT LINES

54 General

54.1 Tubing
Strength Test

, hoses, and fittings used-for,product lines operating under pressure shall ¢
5, Section 83.

55 Thermog¢lectric Refrigerated:Venders

55.1 Athern
applying to va
73, 74, 82, 9¢
103.5, 103.13

noelectric vender shall comply with requirements in this standard except for thg
por-compression refrigeration systems as specified in Sections 29.3, 56 — 59
b, 97 and)30.1.5 — 30.1.7, 30.1.14, 63.1.3, 83.1 — 83.9, 101.4(d), 101.4(e),

f a carbonation system shall comply with the strength test requirementsin-83.10

th UL 252 and

system. There
der pressure.

, or baffled so

bmply with the

se specifically
, 60.3, 69, 71,
01.5 - 101.8,

, 10317 and 103.19.

55.2 Except as specified in 55.5, a thermoelectric vender in which the thermoelectric circuit is powered

by:

a) An extra-low-voltage supply source shall not result in a risk of fire in accordance with 78.1.1 if no
thermoelectric module cooling fan is provided or 78.1.2 if provided with thermoelectric module
cooling fan(s).

b) A power source other than an extra-low-voltage supply shall not result in a risk of fire or electric
shock when operated in accordance with 78.1.1 if no thermoelectric module cooling fan is provided
or and 78.1.2 if provided with thermoelectric cooling fan(s). In addition, a vender shall comply with

78.1.3

55.3 With reference to 55.2, a thermoelectric vender that uses a thermoelectric module cooling fan, other
than one that is thermally protected in accordance with 29.2.1 (e), shall not develop temperatures
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exceeding 302°F (150°C) on the fan motor winding (open type) or on the fan motor enclosure (enclosed
type) when tested in accordance with 78.3.1.

55.4 In reference to the nonmetallic material requirements in Sections 7 — 10, a semiconductor
thermoelectric module powered by other than an extra-low-voltage circuit shall be considered an ignition
source.

55.5
78.1.4.

In reference to 55.2, a thermoelectric vender not complying with 78.1.1 — 78.1.3 shall comply with

REFRIGERATION SYSTEM

56 Refrigergnt

56.1 A refi
classification {

gerated vending machine shall not employ a refrigerant with a toxicity
xceeding Class A as described by ANSI/ASHRAE 34.

safety group

56.2 The reffigerant employed in the system shall:

a) Have flammability characteristics that have been evaluated,in a¢cordance with UL R182; or
b) Be qubjected to a compositional analysis to confirm ac€omposition consistent with a refrigerant
specifigd in ANSI/ASHRAE 34.
56.3 In refgrence to 56.2 (b), the chemical compasition of the refrigerant, includingl the nominal
composition (types and percentages) of a blended refrigerant, shall be determined by analytical testing in

accordance with Section 94, Refrigerant Identification-Tests, using:

a) Infrared spectroscopy for single component refrigerants; or

b) Gas|chromatography for blended refrigerants.
57 Refrigergnt-Containing Parts

57.1 Generdl

57.1.1 Othe
withstand with

- than as\Specified in 57.1.2, parts of a vender subjected to refrigerant g
but failure’'the pressure specified in the Strength Tests, Section 83.

ressure shall

57.1.2 High

side parts that do not comply with Strength Tests. Section 83 shall comply wi

h the Fatigue

Test in UL 207.

57.1.3 With reference to 57.1.1, if a high-side refrigerant containing part is subjected to the Fatigue Test,
then the maximum abnormal or design pressure values required for this test shall be based on the
maximum refrigerant pressures obtained on the refrigerant-containing part during the testing of the vender
in accordance with this standard.

57.1.4 If the high-side design pressure marked on the equipment as described in 101.4 (e) equals or
exceeds the critical pressure of the refrigerant, and if the Fatigue Test is conducted in accordance with
57.1.2, then the upper pressure for the high-side parts during the:

a) First cycle shall be the higher of either the equipment maximum abnormal or marked design
pressure; and
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b) Remaining cycles shall be not less than 95 percent of the higher of either the equipment
maximum abnormal or marked design pressure.

57.1.5 With reference to 57.1.4, the lower pressure for all cycles shall not be greater than the saturated
vapor pressure of the refrigerant at 40°F (4.4°C). For R744, this value is 553 psig (3.8 MPa).

57.1.6 With reference to 57.1.4, the critical pressure of R744 is 1,058 psig (7,295 kPa).

57.1.7 The parts of a vender subjected to refrigerant pressure shall be constructed of corrosion resistant
material, such as copper or stainless steel, or shall be plated, dipped, coated, or otherwise treated to resist
external corrosion.

57.1.8 Prespure vessels, as referred to in this standard, are any refrigerant-containing pelarts other than
compressors,|controls, evaporators each separate section of which does not exceed #2.cupic foot (0.014
m?) of refrigefant-containing volume], headers, pipe, and pipe fittings.

57.1.9 Pressure vessels over 6 inches (152 mm) inside diameter shall bé)constructef, tested, and
stamped in accordance with the 1992 American Society of Mechanical Engineers, (ASME) Boiler and
Pressure Vespel Code, Section VIl for a working pressure in compliance with the Performgnce section of
this standard.

57.1.10 Pressure vessels bearing the ASME Code "U" symbol complying with 57.1.9 dre considered
acceptable without tests.

57.1.11 Prgssure vessels bearing the ASME Codé“"'UM" symbol are to be tested|to determine
compliance with the Strength Test, Section 83. The manufacturer is to submit evidence of|compliance of
these vessels|with the ASME Boiler and Pressure Yessel Code, Section VIII.

57.2 Refrigerant tubing and fittings

57.2.1 Excgpt as specified in 57.2.2}" copper or steel tubing used to connect refrigefant-containing
components ghall have a wall thicknéss not less that specified in Table 57.1.

Table 57.1
Minimum wall thickness for copper, steel and aluminum tubing
Copper Steel Aluminum

Protected or Protected or

Outside diarmetet Protected? Unprotected unprotected? uAprotected®
inches (mm) inches (mm) inches (mm) inches (mm) inches (mm)
3/16 (4.76) 0.0245 (0.622) 0.0265 (0.673) 0.025 (0.64) 0.0350 (0.89)
1/4 (6.4) 0.0245 (0.622) 0.0265 (0.673) 0.025 (0.64) 0.0350 (0.89)
5/16 (7.9) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64) 0.0350 (0.89)
3/8 (9.5) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64) 0.0350 (0.89)
112 (12.7) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64) 0.0350 (0.89)
5/8 (15.9) 0.0315 (0.800) 0.0315 (0.800) 0.032 (0.81) 0.0488 (1.24)
3/4 (19.1) 0.0315 (0.800) 0.0385 (0.978) 0.032 (0.81) 0.0488 (1.24)
7/8 (22.2) 0.0410 (0.0410) 0.0410 (1.041) 0.046 (1.17) 0.0650 (1.65)

NOTE — Nominal wall thickness of tubing may have to be greater than the specified thickness to maintain the minimum wall
thickness.

@ Within the product.
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57.2.2 Copper or steel capillary tubing which is protected against mechanical damage by the cabinet or
assembly shall have a wall thickness not less than 0.020 inch (0.51 mm).

57.2.3 Tubing shall be constructed of corrosion-resistant material, such as copper or stainless steel, or
shall be plated, dipped, coated, or otherwise treated to resist external corrosion.

57.2.4 Tubing shall be connected 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 SAE J513.

57.2.5 Tubing forming part of components, such as evaporators or condensers, where protection is
afforded by inherent construction, shall be judged by the Strength Test, Section 83.

57.2.6 Whene a special alloy or construction is used in components that contain refrigerlant, including
tubing with a Wall thickness less than that specified in 57.2.1, the following factors shall be [considered in
the investigatipn to determine compliance of the alloy or construction:

a) Resistance to mechanical abuse;

b) Strepgth with respect to internal pressure;

c) Resistance to corrosion;

d) Protgction from refrigerant contamination; and

e) Compliance with applicable safety codes such as*ASHRAE 15 with respect to|tubing of the
minimym wall thicknesses specified in 57.2.1.

58 PressurdLimiting Devices

58.1 A pressre limiting device designed to automatically stop the operation of the compregsor shall:

a) Be ipstalled on all vending machines with a system containing more than 22 pounpds-mass (10
kg) of refrigerant; and

b) Comply with 30.1.14(b)and 30.1.22.

c) Deldted

58.2 The adjustable.cutout pressure setting of a pressure-limiting device shall not exceed one-third of
the ultimate sfrength of high-side refrigerant-containing parts provided this setting does not exceed 90
percent of the [setting of the pressure relief device.

58.3 There shall be no stop valves between the pressure limiting device and the compressor.
59 Pressure Relief
59.1 General

59.1.1 Each vender shall be so constructed that pressure due to fire, or other abnormal conditions, will
be safely relieved. Pressure relief devices, fusible plugs, soldered joints, or special terminals may be
employed for this purpose. See 59.3.1.

59.1.2 A pressure relief device is a pressure-actuated valve or rupture member designed to relieve
excessive pressures automatically.
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59.1.3 A vender with a pressure vessel over 3 inch (76 mm) inside diameter, but not exceeding 3 cubic
feet (0.08 m®) internal gross volume, shall be protected by a pressure relief device or a fusible plug.

59.1.4 A vender with a pressure vessel exceeding 3 cubic feet (0.08 m?) internal gross volume shall be
protected by a pressure relief device.

59.1.5 There shall be no stop valve between the pressure relief means and the parts protected.

59.1.6 Each pressure relief device shall be connected as close as practicable or directly to the pressure
vessel or parts of the system protected. They shall be connected above the liquid refrigerant level,
installed so that they are readily accessible for inspection and repair, and arranged so that they cannot

readily be ren

dered inoperative.

59.1.7 Fusihjle plugs may be located above or below the liquid refrigerant level.
59.2 Relief yalves
59.2.1 A pré¢ssure relief valve shall comply with the Pressure Vessels Section of the AS

Pressure Ves

59.22 A pr
"UV" symbol
similarly mark

Exception No|
the symbol is|
attached to it.

Exception No

el Code.

pssure relief valve of 1/2 inch iron pipe size (ips) or larger shall bear the au
ogether with the set pressure and capacity. A relief valve of less than 1/2 in
ed.

1: Where a name plate does not fit on the'valve, omitting the code symbol is
omitted, the set pressure and capacitysshall be stamped on the valve or on

2: A pressure relief valve.is hot required to be marked if upon investigatic

found to be equivalent to devices marked CUV."

59.2.3 Pres
working presg
pressure vess

59.2.4 The
as specified i

sure relief valves shall be sealed at a start-to-discharge pressure not exceedi

els which do not have a marked working pressure.

marked disehiarge capacity shall be not less than the minimum required disch
59.3.4%

ME Boiler and

thorized Code
ch ips shall be

acceptable. If
a metal plate

n the valve is

hg the marked

ure of the pressure-vessel protected, or not exceeding one-fifth of the ultimate strength of

arge capacity,

59.3 Fusiblg'plugs or rupture members

59.3.1

rupture member or fusible plug shall be in accordance with ASHRAE 15.

Calculation of the minimum required discharge capacity and the rated discharge capacity of a

59.3.2 Fusible plugs and rupture members shall comply with UL 207, applicable to such devices.

59.3.3 Rupture members shall have a nominal rated rupture pressure not to exceed the design pressure
of the parts of the system protected.


https://ulnorm.com/api/?name=UL 541 2020.pdf

74 UL 541 NOVEMBER 19, 2020

PERFORMANCE
60 General
60.1 Test voltages

60.1.1 Unless otherwise specified, venders are to be tested with the potentials specified in Table 60.1,
maintained at the unit supply connections.

Table 60.1
Test voltages

Nameplate Voltage Rating Normal Test voltage® Overvoltage Undenvoltage
110to[120 120 132 102
20 208 229 7
220 to[240 240 264 204
254 to|277 277 - -
440 tof480 480 528 408
550 to[600 600 660 510
Othé¢r Rated 110 percent'rated 85 percent rated
@ These test voltages are nominal for the Condenser Fan Motor Failure Test and the Water Failure Test.

60.2 Temperature measurements

60.2.1 Temperatures are to be measured using ¢hermocouples consisting of wires not |
AWG (0.21 mm?) and not smaller than 30 AWG(0.05 mm?). The thermocouples and relate
are to be accu’Fate and calibrated in accordanee-with good laboratory practice. The thermoco
comply with the requirements specified in“the Initial Calibration Tolerances for Thermoco
ASTM E230/ER30M.

arger than 24
d instruments
uple wire is to
Liples table in

Exception: When the temperature of a coil or motor winding is not obtainable using the {thermocouple

measurement|method (e. g. enhcapsulated coils), the change-of-resistance method is to be used. See
63.1.4.
60.2.2 Each|thermaCouple junction and adjacent thermocouple lead wires are to be segurely held in

positive therm|
cases, therma

al contact with the surface of the material whose temperature is being meas

ured. In most
ice, but where

contact will result from securely taping or cementing the thermocouple in pla

i invalved hrazina or solderina-the-thermocounle-to-the metal mav be nece.
SO Ba;-BaARg-0FSoiae8HRgHRetheHocoUpietothe-Reta-haf-be-h

a metal surface sary.
60.2.3 If thermocouples are used in the determination of temperatures in connection with the heating of
electrical equipment, it is a standard practice to employ thermocouples consisting of 30 AWG (0.05 mm?)
iron and constantan wires and a potentiometer-type of indicating instrument. This equipment will be used
whenever referee temperature measurements by means of thermocouples are necessary.

60.2.4 Except as specified in 60.2.5, during any test in which temperatures are measured, temperatures
shall be monitored until maximum temperatures are attained. Thermal equilibrium is to be considered to
exist when three successive readings indicate the same or decreasing temperatures. Readings shall be
taken at the end of not less than three consecutive periods, the duration of each period being not less than
5 minutes.

60.2.5 In reference to 60.2.4, if temperatures on the component being monitored cycle between higher
and lower temperatures due to the component cycling as part of the test (for example a load cycling on
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and off due to operation of a protective device), equilibrium is to be considered obtained when three
successive peak temperatures indicate the same or decreasing temperatures.

60.2.6
readings.

60.3 Pressure measurements

60.3.1

In reference to 60.2.4 and 60.2.5, the recorded temperature shall be the highest of the three

A pressure gauge is to be attached in such manner as to prevent 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 leaka

ge.

60.3.2 Oper
system. High-
expected pres
to minimize th
61 Leakage
61.1 The le

standard attd
accordance w

Exception: Re

61.2 Leaka
conveyed bet
surfaces.

61.3 Each ¢
each surface
simultaneous
considered tg
against risk
simultaneous
same time. T
be low-voltag

ing of the gauge line valves shall not cause a significant change in the electri
side gauges and lines may be heated above the saturation temperature icorres
Esure or may be precharged with a liquid refrigerant of the same type\as used
e effect of opening the gauge line valves.

Current Test

bkage current of a cord connected vender rated fori@aynhominal 120 volt supp
chment-plug rated 15 or 20 amperes, Designation 5-15P or 5-20P, w
ith 61.6 and 61.7 shall be no more than 0.75 milliamperes.

frigerated venders are not required to comply with 61.1 if they comply with UL

je current refers to all currents, including capacitively coupled currents,
ween exposed conductive surfaces of a vender and ground or other expos

xposed conductive surface' is to be tested for leakage currents. The leakage
s to be measured tothe grounded supply conductor individually as well as col
y accessible and-from one surface to another where simultaneously access|

be exposed surfaces unless guarded by an enclosure considered suitable
of electric shock as defined in 13.3.13 — 13.3.17. Surfaces are cong
y accessible-when they can be readily contacted by one or both hands of a
nese meéasurements do not apply to terminals operating at voltages which are
b as defined in 5.20.

cal input of the
ponding to the
in the system

y employing a
hen tested in

101.

vhich may be
ed conductive

currents from
ectively where
ble. Parts are
for protection
idered to be
person at the
considered to

61.4 |If a co

nauctive surface othertham metat s usedforthe—enctosure or partof the

enclosure, the

leakage current is to be measured using metal foil with an area of 3.9- by 7.8-inches (10- by 20-cm) in
contact with the surface. If the surface is less than 3.9- by 7.8-inches (10- by 20-cm), the metal foil is to be
the same size as the surface. The metal foil is not to remain in place long enough to affect the temperature
of the vender.

61.5 The measurement circuit for leakage current shall be as shown in Figure 61.1. The measurement
instrument is defined in (a) — (¢) and, unless it is being used to measure leakage from one part of the
vender to another, the meter is to be connected between the accessible parts and the grounded supply
conductor.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.
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Note:

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response (ratio of indicated to actual value of current) that is equal to the ratio of the impedance of
a 1500 ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an indication of 0.75
milliampere, the measurement is to have an error of not more than 5 percent.

Figure 61.1

Leakage current measurement circuit

A Probe with shie
B Separated and

61.6 A samp)

PRODUCT METER
A
o= | |mNsutaTing
TABLE
L
GROUNDED SUPPLY CONDUCTOR B
ded lead.
ised as clip when measuring currents from one part of product to another.
e vender is to\be prepared and conditioned for leakage current measurement as follows:
a) The| sampl€ is'to be representative of the wiring methods, routing, components, component
location, installation, and the like, of the production unit.
b) The grnllnrﬁng conductor-is to bhe open at the attachment plllg and-the test unitlisolated from
ground.

c) The sample is to be conditioned in an ambient temperature of 21.1 — 26.7°C (70 — 80°F) and 50+
5 percent relative humidity for not less than 8 hours.

d) The test is to be conducted at the ambient conditions specified by item c)
e) The supply voltage is to be adjusted to 120 volts.

f) A vender which requires connection to a potable water supply, such as a carbonated drink
vender, is to be filled with water.

g) A water-cooled vender is to be tested with water flowing through the condenser at a rate
adequate for intended operation.
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61.7 The leakage current test sequence, with reference to the measuring circuit Figure 61.1 is to be as
follows. If during any of the following tests, the compressor stalls during positioning of switch S2, the test is
to be conducted in its entirety in one polarity. The polarity is then to be reversed and the test repeated.

a) With switch S1 open, the vender is to be connected to the measurement circuit. Leakage current
is to be measured using both positions of switch S2. All manual switching devices are then to be
operated in their intended manner, and leakage currents measured using both positions of switch
S2.

b) With the vender switching devices in their intended operating position, switch S1 is then to be
closed, energizing the vender, and within a period of 5 seconds the leakage current is to be
measured usmg both positions of switch 82 All manual swﬂchmg dewces are then to be operated
in theiri itch S2.

c) The vender manual switching devices are then to be returned to their-intended operating
positigns and the unit allowed to run until thermal equilibrium is obtained. LeaKage gurrent is to be
monitqred continuously. For this test thermal equilibrium is defined as that condition Where leakage
current is found to be constant or decreasing in value. Both positions of(switch S2 arg¢ to be used in
deternpining this measurement. Thermal equilibrium may involve cycling caused by an automatic
contro| in the cooling and vending mode. This cycling is to be observed in both positions of switch
S2.

d) Immediately following the above test, any single pole switch or thermostat in the yender is to be
openefd, and the leakage current monitored until constant.or decreasing values of lgakage current
are re¢orded. Readings are to be taken in both positions'of switch S2.

62 Input Test

62.1 The measured ampere input to a vendershall not exceed the total rating (s) marked on the
nameplate byl more than 10 percent when tested as described in the Temperature and Pressure Tests,
Section 63.

Exception: Fqr a battery-operated vender, the input is to be measured with the vender ip the charging
mode during the Temperature andvPressure Test after operating for five minutes. The battely is to be fully
discharged inlaccordance with the-battery manufacturer’s instructions at the start of the test.

62.2 The me¢asured ampere input employed in applying this requirement to a nonautomati¢ vender is the
input measurgd during.an operating cycle. See 63.1.12. For an automatic vender, the megsured ampere
input is the tofal of the-input measured during an operating cycle plus the input to the vendirlg mechanism.
Any loads that may occur concurrently during the test sequence may be determined individually. The
maximum ampere input to the vender is considered to be the largest total of all individual lpads that may
occur concurrently. The power input of all accessories is to be included when establishing the minimum
marked rating of the vender if the accessories derive power from the vender.

62.3 If an accessible 15 or 20 ampere receptacle is provided on a vender, the vender measured ampere
input shall be increased by an amount equal to 80 percent of the receptacle rating.

63 Temperature and Pressure Tests
63.1 General

63.1.1 The temperature rises measured on the electrical components of a vender tested as described in
63.1.4 — 63.1.12 shall not exceed those specified in Table 63.1.
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63.1.2 The temperature of relay insulating materials and coils shall not exceed the temperature
limitations specified in Table 63.1 when tested as described in 63.1.4 — 63.1.12.

63.1.3 The maximum pressure in the refrigeration system is to be used as a basis for the Strength Test,
Section 83 requirements.

Table 63.1
Maximum temperature rises

Device or material °C °F

A. Motors

1. Insulatipn systems on coil windings of alternating-current motors having a frame
diameter gf 7 inches (178 mm) or less (not including hermetic motor-compressors)®?

Clas$ A insulation systems

a. In open motors —

Thermocouple or resistance method 75 135
b. In totally enclosed motors—

Thermocouple or resistance method 80 144

Clas$ B insulation systems

a. In open motors —

Thermocouple or resistance method 95 171
b. In totally enclosed motors—

Thermocouple or resistance method 100 180

2.Insulatign systems on coil windings of alternating-current-motors having a frame diameter
of more thln 7 inches (178 mm) (not including hermeti¢'mator-compressors)®?

Class$ A insulation systems

a. In open motors —
Thermocouple method 65 117
resistance method 75 135
b. In totally enclosed motors+
Thermocouple methad 70 126
resistance method 80 144

Clas$ B insulatiensystems

a. In open-motors —
Thermocouple method 85 153
resistance method 95 171
b. In totally enclosed motors —
Thermocouple method 90 162
resistance method 100 180

B. Components

1. Capacitors

a.  Electrolytic type® 40 72
b.  Othertypes® 65 117
2. Field wiring 35 63
3. Fuse bodies 65 117

Table 63.1 Continued on Next Page
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Table 63.1 Continued

Device or material °C °F
4. Hermetic motor-compressor enclosure 150° 302°
5. Relay, solenoid, and other coils with®
a. Class 105 insulated winding —
Thermocouple method 65 117
Resistance method 85 153
b.  Class 130 insulation —
Thermocouple method 85 153
Resistance method 105 189
Solifl contacts 65 117
Trarlsformer enclosures — with
a. | Class 2 transformers 60 108
b. Power transformers 65 117
8.  Trarlsformer windings
a. | Class 105 insulation
Thermocouple method 65 117
Resistance method 85 153
b. | Class 130 insulation —
Thermocouple method 85 153
Resistance method 105 189
c. | Class 155 insulation;
Class 2 transformers —
Thermocouple method 95 171
Resistance method 115 207
Power transformers —
Thermocouple method 110 198
Resistance method 115 207
d. Class 180 insulation;
Class 2 transformers—
Thermocouple'method 115 207
Resistance/method 135 243
Power{ransformers —
Theermocouple method 125 225
| Resistance methad 135 243
9.  Wood or other combustible material 65 117
Insulated conductors'
1. Flexible cords and wires with rubber, thermoplastic, or neoprene insulation unless
recognized as having special heat-resistant properties as follows:
Temperature rating —
oG °F
60 140 35 63
75 167 50 90
90 194 65 117
105 221 80 144

Electrical insulation

Table 63.1 Continued on Next Page
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Table 63.1 Continued

Device or material °C °F
1. Fiber used as electrical insulation or cord bushings 65 117
2. Phenolic composition used as electrical insulation or as parts where failure will result in a 125 225
hazardous condition’
3. Thermoplastic material.” Rise based on temperature limits of material as follows:
Temperature rating —
o °F
60 140 35 63
75 167 50 90
90 T9Z G5 117
105 221 80 144

@ The motor dian
boxes, and the li
® If the coil is ina
includes thermal
in-resistance meg
a hermetic moto
applied insulatio
heat, the temper]
maximum provid
the table:

1. Insulati

including

5°C
10°G

2. Insulati

15°C
20°C
¢ Maximum — no
crankcase heatg

4 For an electroly
integral with the

¢ A capacitor wh

fThe limitations
investigated and

eter is to be measured in the plane of the laminations of the circle circumscribing the statorframe
ke, used solely for motor cooling, mounting, assembly, or connection.

Ccessible for mounting thermocouples (for example, a coil immersed in sealing compound) or if thg
insulation or more than two layers, 1/32 inch (0.8 mm) maximum, of cotton, paper,.rayon, or the lik
thod is to be used. For a thermocouple measured temperature of a coil of an alternating-current m
compressor having a diameter of 7 inches (178 mm) or less, the thermocouple is to be mounted g
h on the conductor. At a point on the surface of a coil where the temperature is affected by an exte|
bture measured by a thermocouple may be (not including hermetic motor compressors) more than
led that the temperature rise of the coil, as measured by the resistanee method is not more than th

n on coil windings of alternating-current motors having a diameter of 7 inches (178 mm) or less, o
ermetic motor compressors,

9°F) for Class A insulation
(18°F) for Class B insulation

n on coil windings of alternating-current motors-having a diameter of more than 7 inches (178 mm

not includihg hermetic motor compressors,

(27°F) for Class A insulation
(36°F) for Class B insulation

rise: for the exposed surface of.the motor-compressor enclosure, including the surface of a wrap-
r.

tic capacitor which is physically integral with or attached to a motor, the temperature rise on insulg
Capacitor enclosure-may be not more than 65°C (117°F).

ch operates at aitenmperature higher than a 65°C (117°F) rise may be judged on the basis of its mg

temperature ratipg.

pbn phenolic composition and on rubber and thermoplastic insulation do not apply to compounds w
found.toshave special heat-resistant properties.

excluding lugs,

coil wrap

e, the change-
ptor, other than
n the integrally
nal source of
the indicated
bt specified in

ben type, not

), open type,

Bround

ting material
rked

ich have been

63.1.4 Arep

esentative vender IS 10 be prepared 1or test In the Tollowing manner. Fressure

gauges are to

be installed on the high- and low-sides of the refrigeration system. Thermocouples are to be secured to
electrical components, including compressor motor enclosure, fan motor windings, the coils of all relays,
solenoids, and electrically operated valves, capacitors, transformers, wiring insulation, insulating material,
and to flammable material which may be heated in the tests. Accessories intended for use with the vender
are to be installed in or on the vender according to the manufacturer's instructions. Thermocouples are to
be secured to the electrical components of accessories and to insulated wire connectors, connector
bodies, and the like, used to connect the accessory to the vender. The temperature of motor windings or of
coils may be measured by the resistance method, but the primary method of temperature measurements
is to be the thermocouple method. Removable air baffles, shrouds, and the like, are to be in place.

63.1.5 The vender is to be filled with the quantity and size of product (or representative facsimile)
specified by the manufacturer, except that venders intended to handle prefrozen products are to be tested
with no product load. Bottles, cans, or cartons may contain the beverage or water.
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63.1.6 A cup-drink vender is to be charged with the beverage or ingredients as specified by the
manufacturer. Water may be employed instead of the beverage or ingredients. If a carbonation system is
used, it is to be connected to a water supply controlled to deliver 26.7°C (80°F) water. The water tank is to
be filled.

63.1.7 The refrigeration controller is to be electrically bypassed or shunted to provide continuous
operation during pulldown. Light switches, other than the switch for a service light, are to be placed in the
ON position.

63.1.8 The vender, with door or lid open, is to be placed in a room maintained at 40°C (104°F) until the

assembly and contents, if any, reach room temperature.

63.1.9 For
26.7 and 37.8

63.1.10 Thd
maintained aq

63.1.11 PU
stabilized. Th
down without|

vater-cooled units, condenser inlet and outlet water temperatures are to be
°C (80 and 100°F), respectively.

indicated in 60.1.1.

L LDOWN — The unit is to be operated until temperatures on electrical con
e temperatures, pressures, and input are to be recorded-at intervals. The ve
tripping manual reset protective devices. An automatic reset protective deyv

provided pulldown is obtained within an 8 hour period. Pulldown will be effected when th

intended at aj

63.1.12 RE
permitted to d
is to be deterr

proximately constant current input and low-side pressure.

ADY-TO-VEND - The refrigeration controller-is to be restored to the circuit, 3
ycle several times by operation of this centrol. The maximum input during an ¢
hined.

63.2 Automatic venders

63.2.1

63.2.2 VEN
machine if th
stack or shelf]
vending cycle

An ayitomatic vender is to be additionally tested as detailed in 63.2.2 — 63.2.5.

DING — The venderiis to be operated through 100 vending cycles, or the full
b vending capacity’ is less than 100 cycles. For multiple-selection machines
is to be completely emptied before proceeding to another selection when acg

machine. Thg¢ maximum temperatures and the electrical input to the vending mechan

recorded.

maintained at

vender is to be started and operated with the door or lid closed.“The potential is to be

ponents have
nder is to pull
ice may cycle
e unit runs as

nd the vender
perating cycle

capacity of the
, one vending
umulating 100

5. The vender'is to be operated at 10 second intervals unless a slower rate is equired by the

sm are to be

63.2.3 SOL

OUT—="Controts—aretobeptaced imthesotdout orempty position, andthe

ender is to be

energized until temperatures have stabilized. The maximum temperatures and electrical input are to be
recorded.

63.2.4 With reference to 63.2.2 and 63.2.3, the temperature and the electrical input of the components in
the vending circuit and lighting circuit can be determined in any convenient ambient temperature. The
input current determined under this condition may be added to that recorded under pulldown and ready-to-
vend conditions to determine the total maximum input to the vender if such loads operate concurrently.

63.2.5 The assembly is to be subjected to the Dielectric Voltage Withstand Test, Section 64, following the
above tests.
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64 Dielectric Voltage-Withstand Test

64.1 A vender shall withstand for a period of 1 minute, without breakdown, the application of a test
potential between high-voltage live parts and dead metal parts, and between live parts of high- and low-
voltage circuits. The test potential shall be 1000 V plus twice rated voltage at any frequency between 40
and 70 hertz.

Exception No. 1: The test potential for units rated at not more than 1/2 horsepower (373 watts output)
shall be 1000 V.

Exception No. 2: If the steady-state voltage developed in a motor circuit through the use of a capacitor
exceeds 500 V, as measured during the temperature and pressure test, the test potential for the parts
affected shall be 1000 V plus twice the developed capacitor voltage.

Exception No
potential as s

3: If agreeable to all parties concerned, the test potential may be a direq
ecified in Table 99.1, Condition A and applied for 1 minute.

t-current (dc)

64.2 A vend
breakdown, tH
between low-V

er employing a low-voltage circuit shall be capable of withstanding, for 1 m
e specified test potential applied between low-voltage live parts of opposits
oltage live parts and dead metal parts. The test potential shall be:

inute, without
e polarity and

a) A dgpotential of 700 V; or

b) An gc potential of 500 V at any frequency between40rand 70 Hz.

64.3 In reference to 64.2, if components specified in“51.3 are employed in the low-volta
dielectric voltage-withstand test shall be:

ge circuit, the

a) Con

polarity;

b) The

64.4 With re
on magnet coi

64.5 A 500V
compliance w|

Hucted on the components with the dielectric potential applied between live pa
or

components shall be separately subjected to the dielectric voltage-withstand te

ference to 64.3, thettest between low-voltage parts of opposite polarity shall
windings of the-transformer after breaking the inner coil lead where it enters th

olt-ampere.or larger transformer with a regulated output voltage is to be useqg
th the foregoing. The applied potential is to be increased gradually from

ts of opposite

bst.

be conducted
e layer.

to determine
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 if the high potential
testing equipment maintains the specified high potential voltage at the equipment during the duration of
the test.

64.6 If the charging current through a capacitor or capacitor-type filter connected across the line, or from
line to earth ground, is large enough to make it impossible to maintain the required alternating-current test
potential, the capacitors and capacitor-type filters may be tested as described in 64.5.

64.7 The capacitors and capacitor-type filters mentioned in 64.6 are to be subjected to a direct-current
test potential of 1414 volts for equipment rated 250 volts or less or 1414 volts plus 2.828 times the rated
circuit voltage for equipment rated at more than 250 volts. The direct-current test potential is to be
maintained for 1 minute without breakdown.
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64.8 Components providing a d.c. path in parallel with the insulation to be tested, such as discharge
resistors for filter capacitors and voltage limiting devices (transient voltage suppressors), may be
disconnected during the test.

65 Heating Test
65.1 If required in accordance with 26.2.14 or 40.2, the test in 65.2 — 65.3 shall be conducted on a

vender equipped with an electric resistance heating element or an electric-discharge lighting system.
Temperatures shall not exceed:

a) 194°F (90°C) on the coil of an open-type ballast and on the enclosure of an enclosed reactor-
type ballast or other control device employed in an electric-discharge lamp system;

b) 176fF (80°C) on the enclosure of an automatic starter; or

¢) The|temperature limits in Table 63.1 for other components.

65.2 The test is to be conducted with the ballasts lighting loads and electric heating elemepts installed in
a complete vgnder, or a representative section thereof.

65.3 The bgllast, lighting, loads, and heating elements are to be eonnected to a supply dircuit having a
power supply|maintained at the voltage specified on the control equipment. The test ambient is to be 77 +
3°F (25 +2° ). Thermocouples are to be attached to open coils, ballast enclosures, wirjng, and other
components ppecified in Table 63.1. The test is to be continued until components reach constant
temperatures| The refrigeration system is to be deenergized during this test.

66 Insulatign Resistance Test
66.1 A vender employing insulating material likely to be affected adversely by moisture urlder conditions
of use shall|have an insulation resistance~of not less than 50,000 ohms between ljve parts and

interconnectefd dead metal parts after expasure for 24 hours to moist air having a relative humidity of 85 5
percent at a t¢mperature of 32+2°C (90 +4°F).

67 Rain Tesgt

67.1 A vender intended.for'use in protected or outdoor locations shall be subjected to afrain exposure
without creating a risk ofelectric shock due to current leakage or insulation breakdown.

67.2 The vender, after exposure, shall have an insulation resistance between current carnying parts and
noncurrent carrying parts of not less than 50,000 ohms, and shall withstand, without bfeakdown, the
voltage indicated in the Dielectric Voltage Withstand Test, Section 64. The test shall not result in the
wetting of uninsulated live parts, except that motor windings may be judged by the Insulation Resistance
Test, Section 66 and Dielectric Voltage Withstand Test, Section 64, provided the motors are constructed,
located, or shielded so that the windings are not directly exposed to water in the Rain Test.

67.3 The vender is to be positioned and leveled in accordance with the manufacturer's instructions. A
vender intended for use in protected locations is to be provided with a representative shelter, such as a
roof, canopy, marquee, or the like, which is to be positioned over the vender in accordance with the
manufacturer's instructions. A vender intended for outdoor use is tested without a shelter. The insulation
resistance of the vender is to be measured before the test by the series-voltmeter or other suitable
method. The insulation resistance is to be at least than 50,000 ohms before the test.

67.4 The rain test apparatus is to consist of three spray heads mounted in a water-supply pipe rack as
shown in Figure 67.1. Spray heads are to be constructed in accordance with the details shown in Figure
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67.2. The water pressure for each test is to be maintained at 5 psig (34 kPa) at each spray head. The
vender or shelter or both, is to be centrally located within the spray pattern under conditions most likely to
cause entrance of water into or on the electrical components. The spray is to be directed toward openings
in the shelter and/or openings in the cabinet, door, and gasketed covers and panels, including the door.
The distance between the center nozzle and the vender and/or shelter is to be approximately 3 feet (0.91
m); however, since the overall size of venders varies, it may be necessary to make slight adjustments in
the position of the nozzles to allow the greatest quantity of water to enter openings in the vender and/or
shelter.
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Figure 67.1
Rain-test spray-head piping
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Figure 67.2
Rain-test spray head

ASSEMBLY?

1/2" TAPERED PIPE
THREAD -
ANSI/ASME B1.20.1

!
]

e
MAX) e __I

H (ORILL THRU)
INSERT
45° COUNTERSINK -

N (MAX.)
S (DEEP) gp T\?:EE?Z(}T (DRILL THRU)
N |
N\ H—l
‘el

Y R (DRILL TO DEPTH
REQUIRED FOR THROAT)

Je— v (HEX. OR ROUND
BAR STOCK)

U (DRILL THRU)

LA s

3 —~ SQUARE SECTION SLOTS - W WIDE x G DEEP - SPACE 120° -
60° HELIX — LEADING EDGES TANGENT TO RADIAL HOLES

RT100C
Item inch mm Item inch mm
A 1=7132 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16 14.0 576 14.63
D 578 14 68 Q 453 11.51
.580 14.73 454 11.53
E 1/64 0.40 R 1/4 6.35
F ¢ ¢ 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 0.06 1.52
L 1/4 6.35
M 3/32 2.38
@ Nylon Rain — Test Spray Heads are available from Underwriters Laboratories Inc.
® ANSI B94.11M Drill size.
¢ Optional — To serve as wrench grip.
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67.5 The testis to be continued for a total of 1 hour, during which time the vender is to be running so that
electrical components located in vulnerable areas are energized. If it is evident that certain conditions,
such as condenser air flow, position of vender under water spray, and the like, may affect the results the
test is to be repeated with the vender subjected to these other conditions. Upon completion of the test(s),
the insulation resistance is to be measured; after which the sample is to be tested in accordance with the
Dielectric Voltage Withstand Test, Section 64.

68 Stability Test

68.1 A vender shall be stable and not overturn when tested as described in 68.2 — 68.5. A vender having
a supporting base such that both the width and depth dimensions are greater than the height is considered
to comply with the requirement.

68.2 The vgnder is to be supported by the legs, leveling screws, or casters provided inthe base of the
unit. Accessofies which are intended for use with the vender are to be installed. Swivel:type casters, if any,
are to be orlented so that the tendency to overturn is maximum. Plumbing ‘connectigns or conduit
connections are not to be relied on during the test. The vender shall not overturn undef the following

conditions:
a) A vender, with service doors, covers, and panels closed, is~te be placed on a|plane surface
inclined at an angle at 10 degrees with the horizontal. The vender is to be tested with no product
load, with half load, and fully loaded. Under half-load conditions, the product is to be arranged in

the vender so that the tendency of the vender to overturn is maximum. If different products are
intendgd to be vended from the same machine, the machine is to be tested with the product so that
the tendency of the vendor to overturn is maximum;

Exception: This test is not required on a vender which is intended to be secured tp a wall, pillar,
floor of other permanent part of a building structure.

b) An empty vender, is to be placed ah-a horizontal surface. If leveling screws are jprovided, they
are to|be adjusted equally to raise‘the vender 1 inch (25.4 mm) above floor level | A force of 35
poundg (156 N) is to be applied vertically downward at the edge of the main servic¢ door farthest
from the hinges, with the door opened at an angle of 90 degrees with the cabinet. If jt is necessary
to opep more than one doorto gain access to the product storage compartment, all guch doors are
to be ppened. Any subassembly, such as a cup dispenser, which swings out of the cabinet for
servicing, is to be positioned so that the tendency of the vender to overturn is maxXimum. If more
than gne such subassembly is provided, the one which provides the most sevefe unbalanced
conditjon is usedduring this test.

Exceptfion; This test is not required on a vender which remains secured to a wall| pillar, floor or
other permanent part of a building structure when the main service door(s) is openegl as described
above.

68.3 If required for compliance with 68.2(b), a leg, brace or similar support provided in the vender door
shall be fixed in position or shall operate automatically to position itself when the door is opened, and shall
be designed so that its intended function cannot be readily defeated. See 101.10. A leg, brace or similar
support may not be required if the bottom of the door is close enough to the floor to prevent the vender
from overturning under the conditions described in 68.2(b) and also when the door, loaded as described
above, is in any position between closed and fully opened as permitted by door restraints which may be
used.

68.4 The manufacturer's instructions shall be used to install the vender for tests to judge conformance to
68.3. All adjustments of door support means shall be made in accordance with the directions included with
the machine. After the initial installation procedure is completed, no further adjustments are to be made.
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68.5 Unique mounting or support systems for venders which would require securing to a wall or other

support surface shall be separately evaluated to determine their reliability, ease of o
likelihood of continued use.

69 Condenser Fan Motor Failure Test

69.1 A vender shall not be exposed to hazardous pressure or temperature, or leak ref
condenser fan motor locks or fails to start.

69.2 The requirementin 69.1 will be complied with if:

peration, and

rigerant if the

a) The refrigeration system does not rupture or develop leaks during the test. The maximum high-

-side pressures are to be recorded as reference values for the Strength Test
ents. An assembly employing a pressure-limiting device conforming -y
applicable, is considered to comply with the high-side pressure requirement.

b) The [maximum temperature of the compressor enclosure of the fan motor winding
of the fan motor enclosure (enclosed type) does not exceed 150° C (302°F). Coni
conderjser fan motors equipped with thermal protective devices.as"specified in }
29.3.1(b) are considered to comply with this requirement.

69.3 A sample of the assembly is to be fitted with a pressure-gauge on the high pressu
refrigeration system and provided with thermocouples on the camipressor motor enclosure 3
fan motor winfing (open type) or condenser fan motor enclosure (enclosed type). When ¢
side componehts for compliance with the strength requirements of 83.4 a pressure gauge is
the low side of the system. The low side pressure is to be recorded while the compressor is
after shutdown. If the vender is provided with means to relieve discharge pressure into the |
system, the loy side pressure is to be recorded while!

a) The
increas

compressor is operating, the pressure relief means is open and the low sid
ing; and
b) Aftef shutdown of the compressor.
69.4 The con
fan motor lodked until stabilized temperatures and pressures are reached. The comgp
overload devige and/or the-fan motor overload device may operate during this test. The test

be approximately 25°C~7.7°F). The potential is to be maintained as indicated in 60.1.1. Wher
condenser fan|motars.are employed, the test is to be conducted with one motor locked.

5, Section 83,
vith 58.2, as

open type) or
pressors and
P9.2.1 (c) and

re side of the
nd condenser
valuating low
to be fitted on
pperating and
bw side of the

€ pressure is

trols are to be set for maximum cooling and the vender is to be operated with fhe condenser

ressor motor
ambient is to
e two or more

70 AntitheftlDevice Test

70.1 A vender shall not dispense a free product, including coins, when tipped from its n
position.

ormal vertical

70.2 The vender is to be tipped to any position deemed appropriate in an effort to obtain a free product or
coins. The vender may be rocked back and forth through several cycles in any of these positions to

determine if a free product or coin will be dispensed.
71 Water Failure Test

71.1 A water-cooled vender without a pressure-limiting device shall not be exposed
pressures during water failure.

71.2 Pressures shall not exceed those permitted by 83.1.

to excessive
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71.3 The vender is to be connected to an equivalently rated circuit. The test ambient is to be
approximately 25°C (77°F). A pressure gauge is to be connected on the high-pressure side.

71.4 A sample of the assembly is to be fitted with a pressure gauge on the high pressure side of the
refrigeration system and provided with thermocouples on the compressor enclosure. When evaluating low
side components for compliance with the strength requirements of 83.4 a pressure gauge is to be fitted on
the low side of the system. The low side pressure is to be recorded as specified in 69.3. The unit is to be
operated with the condensing water shut off and also with the condensing water restricted until maximum
pressures and stabilized temperatures are reached or until representative maximum temperatures and
pressures are attained under cycling load. If the unit cycles on the motor overload protective device, the
test is to continue until the maximum pressure during the protective device operation is obtained. The
room ambient is to be approximately 25°C (77°F). The potential is to be maintained as indicated in 60.1.1.

71.5 The tept need not be conducted to determine compliance with 71.1 if a pressure IinLiting device is

provided. Theg

the adjusting
72 Start-To

721 Each
pressure at w

maximum cutout pressure to which the pressure limiting device may be-read
means provided shall be employed in determining compliance with 7h.2."See 8

Discharge Test

pressure-relief device used in the carbonation system(is to be tested to
hich the device will open and start to discharge. A pressure-relief device wh

component and which has been subjected to this test is exempt ffom this requirement.

72.2 Three
such as nitrog
to discharge
each of three

73 Rupture

731
The nominal
marked bursti

73.2 Three
source, such
pressure is td
percent of the
minimum mar

samples of the device are to be tested. Each\sample is to be connected to
en, and immersed in water. The pressure isdo be gradually increased until th
bs evidenced by the occurrence of bubbles in the water. The average of thrg
representative samples is to be used to-determine the start-to-discharge press

Member Test

A ruptyre member shall burst at a'pressure within 5 percent of its nominal rated rug

ated rupture pressure-is tonsidered to be the average sum of the minimum
ng pressures.

samples of each’size are to be tested as follows. Each sample is to be conn
as air, carbont dioxide, or nitrogen, but oxygen or any flammable gas is not tg
be increased until rupture occurs. The rate of pressure increase is to be no
minimum marked bursting pressure per minute after the pressure reaches 90
ked bursting pressure.

ly adjusted by
3.1.

determine the
ch is part of a

a gas source,
b device starts
e readings for
ure.

ture pressure.
and maximum

ected to a gas
be used. The
t faster than 5
percent of the

74 Fusible Plug Test

74.1

A fusible plug shall function within 5.6°C (10°F) of its marked temperature rating.

74.2 Three samples of each size are to be tested. Each sample is to be attached to a 10-foot (3 m)
length of coiled copper tubing within which air pressure of not less than 40 psig (275 kPa) is maintained.
The coil and test sample are to be immersed in a fluid, the temperature of which is 11.1°C (20°F) below the
marked temperature of the plug. After 5 minutes, the temperature is to be increased at the rate of 0.5°C
(1°F) per minute. The relief temperature is considered to be that temperature at which the test pressure is
relieved and complete blowout of the fusible element occurs.

74.3 A blowout is considered complete if the area of the relief opening is such that the resulting
discharge capacity complies with the requirements in 59.3.1.


https://ulnorm.com/api/?name=UL 541 2020.pdf

90 UL 541 NOVEMBER 19, 2020

75 Overload and Endurance Test — Switching Devices

75.1 A switching device in a vender shall perform acceptably when tested as follows for overload and
endurance, with no electrical or mechanical failure nor undue burning, pitting of contacts, or striking for an
arc to the enclosure.

75.2 This test need not be conducted on refrigeration controllers, starting relays, motor protectors,
temperature- or pressure-limit switches, or on switching devices having a rating suitable for the load
controlled.

75.3 The tests on switching devices are to be conducted by operating the vending and coin or credit
mechanisms using the normal loads of the vender if practicable. Switching devices which are not operated
in this test arelto be cycled individually or collectively while controlling the loads indicated in\7]5.4 — 75.8.

754 The sw
service. The t
design of the

s intended in
quired by the

itching device is to be mounted and subjected to the ambient temperature 2
pst cycle is to be 1 second ON and 9 seconds OFF unless a slower rate is re
ender. A faster rate may be used if agreeable to all concerned.

75.5 A switd

hing device intended for controlling a noninductive load<shall be capable
acceptably when subjected to an overload test consisting of making’ and breaking for
operation, at g rate of 6 cycles per minute, a current of 150 percent\of the connected load,
indicated in 64.1.1.

of performing
50 cycles of
at the voltage

75.6 A switdhing device intended for controlling a single_motor load or a combination of
other loads shall perform acceptably when subjectedcto” an overload test consisting o
breaking the Ipad described in 30.1.8 for 50 cycles of operation, at a rate of 6 cycles per
connected to g voltage supply as indicated in 60.1.1¢

75.7 A switphing device intended for controlling a pilot-duty load shall perform acc
subjected to an overload test consisting .of making and breaking for 50 cycles of operation,
cycles per minute, a current equal to the connected load, at 110 percent of the voltage indica

75.8 In addition to the tests described in 75.5, 75.6, or 75.7, a switching device shall

performing adceptably when.-subjected to an endurance test consisting of making and
percent of the|connected load-current. The endurance test voltage supply shall be as indic
and the cycling shall consist'of making and breaking the connected load for:

a) 6000 cycles.of operation with 1 second ON and 9 seconds OFF for a switching dey
one usgd{e _control a motor-compressor; or

motor(s) and
making and
minute, when

eptably when
at a rate of 6
ed in 60.1.1.

be capable of
breaking 100
ated in 60.1.1

ice other than

b) 24,000 cycles of operation with 1 second ON and 9 seconds OFF followed by 6,
operation with 1 second ON and 59 seconds OFF for a switching device used to co
COMpressor.

000 cycles of
ntrol a motor-

75.9 The power factor of an inductive load is to be 0.75 — 0.80; except that it is to be 0.40 — 0.50 for a
load simulating locked-rotor conditions in a motor, and is not to be more than 0.35 for a pilot-duty load.

75.10 For a grounded-neutral system, the enclosure of the vender is to be connected during the
endurance test through a 30 ampere cartridge fuse to the grounded conductor of the circuit. For any other
system, the enclosure is to be connected through such a fuse to the live pole least likely to strike (arc) to
ground.

75.11 The switching device is to be subjected to the Dielectric voltage Withstand Test, Section 64,
following the above tests.
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76 Burnout Tests — Components

76.1 General

76.1.1 A vender shall not present a risk of fire or electric shock when operated under the conditions

described in 76.1.2 — 76.3.2, which may occur in service.

a) A risk of fire is considered to exist if there is any emission of flame or molten metal from the
vender, or glowing or flaming of flammable material. Blowing of the supply-circuit fuse is acceptable
if a risk of fire does not exist.

b) A risk of electric shock is considered to exist if the insulation resistance of the vender is less than
50,00Gotms:

76.1.2 To 0
components,
construction ¢
with the com(
maintained as

etermine if a risk of fire or electric shock exists, a burnout test is~to)be
such as an intermittent-duty relay, solenoid, electrically-operated valvey or th

onent installed as intended in the vender. The vender is to be connected to ¢
indicated in 60.1.1. Each ungrounded conductor in the supply)circuit is to be g

conducted on
e like, that the

f the vender indicates may present a risk of fire or electric shock: The tests should be made

supply circuit
rovided with a

fuse of the maximum rating that may be used. For cord connected venders, the supply circiit fuses are to

correspond in
venders rated

76.1.3 Malf]
continuously
relay or solen

76.1.4 Ifar
of fire or elect

76.1.5 The
source mainta

76.2 Electri
76.2.1 EacH
Test.

76.2.2 Ifan

of fire or elect

size to the rating of the attachment plug, except that’20"amperes is the mir
150 volts or less.

(s

J

Linction of a single component resulting incan"intermittent-duty relay or
bnergized shall not cause a risk of fire or elegtric shock. The test is to be cong
bid continuously energized until the ultimate result is determined.

blay or solenoid fails to operate at 15.percent below rated voltage as required
[ic shock shall not result.

relay or solenoid is to be<enérgized while blocked in its inoperative position
ined as indicated in 60.1. 1 until the ultimate result is determined.

cally operated valves

electrically-opérated valve or solenoid shall comply with the requirements

electrically operated valve or solenoid becomes blocked in the de-energized

imum size for

olenoid being
ucted with the

by 80.1, a risk

from a supply

bf the Burnout

bosition, a risk

ric.shock shall not result.

76.2.3 The valve mechanism is to be blocked in the position assumed when the valve is de-energized,

and the valve
76.3 Liquid

76.3.1
of the system

76.3.2
result is deter

then is to be energized continuously until the ultimate result is determined.

-level system

, a risk of fire or electric shock shall not result.

mined.

If, in a vender liquid-level system, malfunction of a relay may overload a transformer or other part

In this test, the liquid-level system is energized with the relay armature blocked until the ultimate
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77 Burnout Test — High-Voltage Transformers

77.1 There shall be no emission of flame or molten metal from the vender enclosure when a high-voltage
transformer is operated under the conditions described in 77.2 and 77.3.

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 31.1.7) or that is protected by an
overcurrent device(s) in accordance with the requirements in 31.2.1.

77.2 Three samples of the transformer are to be operated continuously at the normal test voltage
indicated in Table 60.1 and rated frequency with the enclosure grounded. The test ambient temperature is
to be approximately 25°C (77°F) and operation is to be continued until constant temperature is indicated
by a thermocduple on the enclosure or until burnout occurs. The circuit on which the transformer is tested
is to be protectied by fuses rated not less than that required for the vendor.

77.3 The lodd 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, if\necessary, with no further
readjustment gluring the test.

a) A repistance load to provide a current equal to three times theyfull rated transformper secondary
current

b) If thg transformer supplies a motor with or without additional loads, a resistance lodd to provide a
currenfequal to the motor locked-rotor current plus any‘additional loads; or

c) If the transformer supplies an inductive load,(other than a motor), such as the doils of relays,
solenoids, and the like, a resistance load to provide a current equal to the sum of sych loads with
the arnpature of the largest blocked open.

Exception: The test may be conducted with, the output terminals short-circuited if this resulis in less than
three times rafed secondary current.

78 Abnormgl Tests — Thermoelectric Refrigerated Venders
78.1 Generdl

78.1.1 Except as spectified in 78.1.4, a thermoelectric vender without a thermoelectric module cooling
fan, when tested in accordance with 78.2.1 shall not:

a) Emif any flame or molten metal from the vender; or

b) Show any evidence of any glowing or flammable material within the vender.

78.1.2 Except as specified in 78.1.4, a thermoelectric vender with thermoelectric module cooling fan(s),
when tested in accordance with 78.3.1 shall not:

a) Emit any flame or molten metal from the vender;
b) Show any evidence of any glowing or flammable material within the vender; or

c) Develop temperatures exceeding 302°F (150°C) on the fan motor winding of an open type motor
or of the fan motor enclosure of an enclosed motor.

78.1.3 Except as specified in 78.1.4, a thermoelectric vender with a semiconductor thermoelectric
module powered by other than an extra-low-voltage circuit shall comply with 78.4.1. No dielectric
breakdown shall occur.
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78.1.4 If the tests specified in 78.1.1— 78.1.3 are not conducted, the Dielectric-Voltage Withstand — 5000
Volt Test, Section 78.5 shall be performed. No dielectric breakdown shall occur.

78.2 Thermoelectric venders without cooling fans

78.2.1 Unless tested in accordance with 78.1.4, a thermoelectric vender without a semiconductor
thermoelectric module cooling fan is to be connected to a supply circuit maintained as specified in Test
Voltages, Section 60.1. Any heat sink on the hot side of the thermoelectric module is to be removed, but
any fuses within the thermoelectric circuit are to remain. Each ungrounded conductor in the supply circuit
is to be provided with a fuse of the maximum rating intended to be used in the branch circuit supply. For
cord connected venders, the fuses are to correspond in size to the rating of the attachment plug, except
that 20 amperes is the minimum size for venders rated 120 volts or less. The vender is to be operated for

not less than
comply with 7

78.3 Therm

78.3.1  Unle
motor that is
connected to
module cooli
multiple fans
the fan moto
comply with 7]

78.4 Therm

78.4.1 For
following the
Withstand Teg
semiconductg

78.5 Dielec

78.5.1 This
conducted.

78.5.2 Two

conditioned fq¢
sample shall
15 percent at

78.5.3

7 hours until fuses open or burnout of the thermoelectric module occurs. Th
B8.1.1(a) and (b).

pelectric venders with cooling fans

hermally protected in accordance with 29.2.1(e), to cool the‘thermoelectric m
a supply circuit maintained as specified in Test Voltages, Section 60.1. The
g fan motor is to be electrically energized but with.the fan locked to prev
re provided, only one fan is to be locked. The vendenris to be operated until te
stabilize, fuses open or burnout of the thermoelectric module occurs. Thg
B.1.2(a), (b) and (c).

pelectric circuits powered by other than-an extra-low-voltage circuit

B thermoelectric vender powered~by other than an extra-low-voltage circui
tests in 78.2.1 if no fan is provided or 78.3.1 if provided with a fan, the Die
t, Section 64 shall be conducted. The potential is to be applied between the li
r thermoelectric module and dead metal parts.

ric-Voltage Withstand — 5000 Volt Test

fest applies to a-thermoelectric vender in which the tests specified in 78.1.1 —

sample-thermoelectric modules shall be used for this test. One sample of the n

5s tested in accordance with 78.1.4, a thermoelectric vender\that uses a fan,

e vender shall

other than a
odule shall be
thermoelectric
ent turning. If
mperatures on
e vender shall

t, immediately
lectric-Voltage
ve parts of the

78.1.3 are not

odule shall be
lity. The other

b1, 40 hours at 73. 4 +3.6°F (23 0z 2 0°C) and 50 +5 perce

nt relatlve humr

a temperature of 95. 0 +3 6°F (35. O 12, O C).

e-humidity of 90

Immediately following the conditioning, each thermoelectric module sample, including any sealant

at the 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.

79 Overload Test — High-Voltage Transformers

79.1

This test applies to a high-voltage transformer provided with thermal protection of other than the

nonrenewable thermal cutoff type. See 31.1.7. The transformer shall comply with the Dielectric Voltage-
Withstand Test, Section 64, following the test specified in 79.3 and 79.4.

79.2 Temperatures of a thermally protected high-voltage transformer, measured on the surface of the
windings, shall not exceed the insulation temperature rating when the transformer is tested as indicated in
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79.3 and 79.4. Insulation temperature rating is defined as the rating for the class of insulation; such as,
105°C for Class 105 insulation, 130°C for Class 130 insulation, and the like.

79.3 A variable resistance load is to be connected to the output terminals and the transformer operated
continuously at the normal test voltage indicated in Table 60.1. If the protective device controls a switching
device that, in turn, interrupts primary current to the transformer, the switching device is to be in the circuit.
The test ambient temperature is to be approximately 25°C (77°F). The resistance load is to be adjusted so
that the transformer winding is brought to a stabilized temperature of approximately 10°C (18°F) below its
insulation rating. The load is then to be gradually increased until operation of the protector occurs.

79.4 Three samples of the transformer-protector combination are to be tested. Average temperatures of
the three samples shall not exceed the winding insulation rating and the temperature of any one sample
shall not exce¢d the insulation rating by more than 5°C (9°F).

80 Overvolthage and Undervoltage Tests

80.1 A relay, solenoid, or other electromagnetic component shall withstandy10 percent above rated
voltage withoyt damage to the operating coil and operate successfully at 45 percent les$ than normal
voltage.

80.2 A relay|or solenoid that has been separately investigated for\the voltage and operat|ng conditions
involved, including ambient temperature conditions, is not requiréd t6 be tested in the vendef to determine
if it complies with the requirements in 80.1.

80.3 The vender is to be connected to a supply source maintained at the overvoltage indigated in Table
60.1 and operpted through 100 vending cycles at 10 second intervals or as rapidly as the dgsign permits.
The temperatdres of relay coils, solenoids, and other electromagnetic components are then|to be allowed
to stabilize. The potential is then to be reduced-to 'the normal test voltage indicated in Tabjle 60.1. Each
electromagnefic component is to operate at this voltage. The potential is to be maintained [at the normal
test voltage until coil temperatures stabilize: The potential is then to be reduced to the|undervoltage
condition indigated in Table 60.1. Each-electromagnetic component is to operate at this voltgge, except as
indicated in §0.4. If the components~are energized through a transformer, the voltagg adjustments
described are fo be made on the primary side of the transformer.

80.4 A component that fails/to operate at 15 percent below rated voltage may be actepted if it is
determined that a risk of fire\or electric shock will not result. See 76.1.4.

81 Limited $hort-Circuit Test

81.1 Gener

81.1.1 The following components shall withstand short circuiting when protected by a branch-circuit
overcurrent device of the size required by the product:

a) Motor overload protective devices which are connected in the motor circuit;
b) Motor circuit conductors and connections as required by 81.4.1;

¢) Bonding conductors and connections as required by 16.1.5 and 16.1.6; and

d) Capacitor employing a liquid dielectric medium. See 21.2(c).

81.1.2 For a cord-connected unit, the protection specified in 81.1.1 is to be provided by a fuse having a
rating not less than the rating of the unit's attachment plug. The minimum fuse size for cord-connected
venders is 20 amperes for units rated 125 volts or less and 15 amperes for units rated 126 — 250 volts.
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81.1.3 For a permanently-connected unit, the protection specified in 81.1.1 is to be provided by either:
a) A device that is recognized for branch-circuit protection and located in the unit; or

b) A branch-circuit protective device of the type and maximum rating specified on the product
nameplate.

81.1.4 Except as specified in 81.1.5, a permanently-connected vender having more than one motor
wired for connection to one supply line shall withstand short-circuiting when protected by a branch-circuit
overcurrent device rated at 225 percent of the rated-load or maximum rated current of the largest hermetic
motor of the group plus an amount equal to the sum of any additional loads supplied. If a hermetic motor is
not supplied, the branch-circuit overcurrent protective device shall be rated 400 percent of the full-load or
maximum operating-current-of-the-largest-meoter—of-the-grodp—plis—an—amouni-egualto-the sum of any

additional loagls supplied.

81.1.5 If a bfanch-circuit overcurrent device:

a) Smaller than that specified in 81.1.4 is used, the vending machine shall start and dperate without
openirlg a fuse having the smaller rating.

b) Is incorporated within the vending machine, the test specified’in 81.1.4 shall be gonducted with
that oyercurrent device.

81.1.6 Inreference to 81.1.5(a), a fuse rated less than 15 amperes shall not be used.

81.1.7 With|respect to branch-circuit overcurrent protective devices and for the purpose pf these tests,
fuses of the spme rating are considered to be interchangeable and circuit breakers of the same rating are
considered to[be interchangeable. Fuses and circuit’breakers are not considered to be interghangeable.

81.1.8 The ¢omponent is to be connected ifna’test circuit having a capacity based on the flill-load current
and voltage rating of the vender. See Table 81.1:

a) If the full-load current is betiveen two values in the table, the larger value is [to be used in
deternining the circuit capacity. If the vender nameplate shows individual loadg, the full-load
current is the total of (all “individual loads which may occur simultaneously. If njore than one
simultdaneous load condition is possible, the condition resulting in the maximum total current is to
be usdd as a basis-for determining the capacity of the test circuit.

b) The voltage.for the test circuit is to be an alternating current supply, and the circuit capacity is to
be mepsured without the component in the circuit.

c) The
those concerned.

is agreeable to

Table 81.1
Short-circuit test currents
Full-load amperes® Circuit Capacity
Single phase Amperes
115V 208V 230-240V 277V
9.8 orless 5.4 orless 4.9orless - 200
9.9-16.0 55-8.8 5.0-8.0 6.65 or less 1000

Table 81.1 Continued on Next Page
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Table 81.1 Continued

Full-load amperes® Circuit Capacity
Single phase Amperes
15V 208 V 230-240V 277V
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-44.0 - 3500
Over 80.0 Over 44.0 Over 44.0 Over 6.65 5000
Three Phase
208 V 220 -240V 440 - 480V 550 — 600 V
2.12 or less 2.0orless - - 200
213 -3.14 21-3.5 1.8 orless 1.4 orless 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
@ Refrigerated vgnder.

81.1.9 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 ajd ground-fault conditions.

81.2 Motor QOverload Protective Devices

81.2.1 Thers

81.2.2

shall be no ignition of cheesecloth surrounding the enclosure of a motor profective device
when sampleq are subjected to the test.

If a thermally protected motor or a separately enclosed motor overload protective dgvice is within

an outer cabinet, and if the assembly is constructed so that flame and molten metal will be cpnfined within
the cabinet ard there is no flammable material except electrical insulation within the cabinet, the short-

circuit test ma

be waived.

81.3 Bonding conductors and\connections

81.3.1

81.4 Motor gircuit'conductors and connections

Bonding conducters and connections shall not open when samples are subjected to|this test.

81.4.1 Conductars of motor circuits in having two or mare thermal- or n\/prmlrrpnf-pmt:cted motors,
wired for connection to one supply line, shall withstand the Limited Short-Circuit Test, 81.1.2 - 81.1.9.

Exception: Conductors that comply with one or more of the following are acceptable without test:

a) A conductor that has an ampacity of not less than one-third the ampacity of the branch-circuit

conductors as determined in accordance with 14.2.6;

b) A conductor that is 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.2 m) in length,
provided that the circuit will be protected by a fuse or a circuit breaker rated not more than 60
amperes; or

c) A conductor that serves as a jumper lead between controls, provided that either the length of
lead does not exceed 3 inches (76.2 mm) or the conductor is located in a control panel.
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81.4.2 Motor circuit conductors and connections shall not be damaged when samples are subjected to
this test.

81A Switch Mode Power Supply Units — Overload Test

81A.1 The test applies to switch mode power supply units as specified in 43.1(c).

81A.2 Each output winding, or section of a tapped winding, is overloaded in turn, one at a time, while the
other windings are kept loaded or unloaded, whichever load conditions of normal use is the least
favorable.

81A.3 Over|oading is carried out by connecting a variable resistor (or an electronic load) across the

power supply|output. The resistor is adjusted as quickly as possible and readjusted, if necessary, after 1
minute to maiptain the applicable overload. No further readjustments are then permitted.

81A.4 For this test, any protective devices such as a fuse, manual reset |circuit profector, thermal
protector, etc.|are allowed to remain in the circuit.

81A.5 If ovgrcurrent protection is provided by an overcurrent protection.déevice, the overlopd test current
is the maximym current which the overcurrent protection device is just-capable of passing|for 1 hr. If this
value cannot pe derived from the specification, it is to be established\by test.

81A.6 If nojovercurrent protection is provided, the maximum overload is the maximum| power output
obtainable from the power supply.

81A.7 In cage of voltage foldback, the overload is to be slowly increased to the point which causes the
output voltage to collapse. The overload is then’ established at the point where the ¢utput voltage
recovered andl held for the duration of the test.

81A.8 The duration of the test is to be for7 hours or until ultimate results are reached. At the conclusion
of the test, thegre shall be no charring ar burning of electrical insulation, no opening of any protective device
or any circuit component.

82 Protective Devices — Maximum Continuous Current Test

82.1 To detgrmine if athermal or a protective system complies with the requirement in 29.3.2, the vender
is to be testeq as specified in 82.2 unless the motor-compressor has been separately tested as described
in 82.4.

82.2 Except as indicated in 82.3, the vender is to be connected to a circuit of rated voltage and operated
under the conditions described in Table 82.1 for at least 1 hour or until stable conditions have been
reached, whichever is longer.

a) 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.

b) If the vender 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 in (a).

c) 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
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lowest voltage preceding the voltage at which the protective device opens the circuit) is to be used
as a basis for judging compliance with the requirements in 29.3.2.

82.3 With reference to 82.2, initial operation may be at the voltage at which the current input is 156
percent of the rated current. The voltage then is to be reduced by 2 percent of rated voltage (to the nearest
integral volt) to determine whether the protective device opens. The voltage may be reduced to the motor-
compressor only, with the other components in the vender maintained at rated voltage or higher if the
results of the test under these conditions indicate compliance with 29.3.1(b). The rated voltage referred to
is the highest of the rated voltages for dual-voltage-rated units. 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 0.6°C (1°F).

82.4 The mptor-compressor, with its protective system as employed in the vender,~may be tested
separately as described in 82.2 and 82.3 under the conditions described in Table 82.2. This| separate test
may be used gs a basis for judging compliance with requirements in 29.3.2.

Table 82.1
Test conditions for calibration of thermal protectors and protective systems in the vender

Location Temperature
°C °F
Air surrounding {init 40 104
For water-cooled unit
Water ¢ntering condenser 26.7 80
Water lpaving condenser 37.8° 100
For air-cooled unit
Air entgring condenser 40 104

@ Where this confdition cannot be attained due to the desigh of the unit, the unit is to be tested at 26.7°C (80°F) inlef condenser
water temperatufe and 35 psig (241 kPa) nominal-ptessure.

Test conditions for calibration of thermal p:(';t;gg?gand protective systems separately from the
vender
Location Temperature
°C °F

Return Gas

Saturated Vapor Temperature 0 32

Superheat 26.7 48
Discharge Gas

Saturated Vapor Temperature 60 140
Ambient Air

Temperature 50 122

Velocity 2.0 mls 400 fpm?®
& The velocity specified is the horizontal air velocity in the test chamber without the compressor installed. The actual velocity
across the compressor may be different from this value, depending on the shape of the compressor and its effect on the air-flow
pattern. A higher velocity may be employed if the results of the test with the higher air velocity indicate compliance with 29.3.2.
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83 Strength Tests

83.1
of the followin

g.

a) Five times the marked high side design pressure. See 101.8.

High side parts of the refrigeration system shall have an ultimate strength not less than the highest

b) Five times the maximum pressure developed in the Temperature and Pressure Test, Section 63.

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

adjust

e) For
relief

hble setting of the pressure limiting device.

emperature of the fusible plug or 2-1/2 times the critical pressure of t

whichéver is smaller.

f) For
Failurg

g) For
h) Ong

83.2 The co
or 83.4, as ap|

a) Prg

An air cooled unit, three times the maximum high side pressure”“developed in
Test, Section 69.

water cooled units, five times the pressure developed in‘the water failure test,

and one-half times the vapor pressure of the refrigerant at 60°C (140°F).

mponents as specified below and having.aworking pressure not less than re
plicable, are acceptable without test:

ssure vessels bearing the ASME Cade "U" symbol; or

b) Refrigerant-containing components complying with UL 207

83.3 A refr
strength equa

83.4 Lowsi
of the followin|

a) Thr

b) Thr

gerant containing compenent having a marked working pressure shall ha
| to five times the marked pressure.

e parts of the refrigeration system shall have an ultimate strength not less th
g:

pe times.the marked low side design pressure. See 101.8.

a unit equipped with a fusible plug, 2-1/2 times the vapor pressure of the refrigerant at the

he refrigerant,

the Fan Motor

Section 71.

quired by 83.1

e an ultimate

an the highest

be times the maximum low side pressure developed in the Temperature and

Pressure Test,

Sectio

T63; nctuding equatizationm pressure devetoped aftercompressorshutdowrT.

c¢) For an air cooled unit, three times the maximum low side pressure developed in the Condenser
Fan Motor Failure Test, Section 69, including discharge pressure relieved to the low side and
equalization pressure developed after compressor shutdown.

d) For a water cooled unit, three times the maximum low side pressure developed in the Water
Failure Test, Section 71, including discharge pressure relieved to the low side and equalization
pressure developed after compressor shutdown.

e) One and one-half times the vapor pressure of the refrigerant at 60°C (140°F).

Exception No. 1: Low side pressure vessels shall have an ultimate strength of not less than five times the

highest of the

following:

a) Low side design pressure;
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b) Maximum pressure developed during the Temperature and Pressure Test, Section 63;

c) Start-to-discharge pressure of a pressure relief valve; or

d) The set pressure of a rupture member.

Exception No. 2: Low side pressure vessels protected by a fusible plug shall have an ultimate strength not
less than 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.

83.5 With reference to 83.1(i) and 83.4(e), vapor pressures of R12, R22, R134a, R500 and R502 at 60°C
(140°F) are 207, 337, 229, 248, and 362 psig (1427, 2323, 1579, 1720, and 2496 kPa), respectively.

83.6 Sections of the refrigerant system constructed of continuous tubing or of deng
connected by [hard-soldered, brazed, or welded joints will be considered as meeting the re

83.1-83.4,p

83.7 Except
applied to ven
of the refrigers

83.8 Two sa
requirements

samples are t
system. The p
be maintained
determined vi
evidence of dg

Exception: Le
Refrigerant 22
required press

83.9 Pressu
test requireme

83.10 Excep
pump, shall wi

ovided the tubing employed in the assembly conforms with 57.2.1.

as specified in 57.1.4 and 57.1.5, the requirements in Strength Tests, Sectig
ders in which the marked high-side design pressure equals eriexceeds the cr
nt.

Mples of each refrigerant containing part are to be-tested to determine compl
for strength. The test medium is to be any nonhazardous liquid such as w
b be filled with the test medium to exclude airtand are to be connected in a h
ressure is to be raised gradually until the required maximum is reached. This

for 1 minute, during which time the sample shall not burst or leak. Lea
sually; for example, by examination ef‘the sample for release of the test 1
creasing gauge pressure.

akage at gaskets is acceptable in components of venders containing R
, or Refrigerant 134a, if the-leakage occurs at a pressure greater than 40 |
ure.

ths of tubing
quirements of

n 83 shall be
tical pressure

ance with the
ater. The test
draulic pump
pressure is to
age is to be
nedium or by

efrigerant 12,
bercent of the

e actuated refrigeration controllers rated for the application are exempt from the strength

nts.

t as specified in 83.11, parts of a carbonation system pressurized by compre
thstand;-without failure, a pressure equal to the higher of:

5sed gas or a

a) Five

times the start-to-discharge pressure of the relief valve;

b) Five times the maximum pressure that the pump can develop, if parts are pressurized by a
pump; or

c) Not |

83.11
Tests on three

ess than 650 psig (4.5 MPa).

samples of each leaking part shall demonstrate that:

With reference to 83.10, if leakage occurs, it shall only occur at valves, tubing, and connections.

a) Leakage occurs at a pressure greater than 40 percent of the pressure required by 83.10; and

b) Liquid from such leakage does not impinge on uninsulated live parts.

83.12

interconnecting lines, and fittings which form part of a closed pressurized system.

With reference to 83.10, carbonation system parts include pump housings, containers,
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83.13 The carbonation system parts shall be tested as described in 83.8.

84 Glass Strength Test

84.1

84.1.1

Impact test

One sample of exterior glass as specified in 13.1.5 shall be subjected to the test described in

84.1.2. As a result of the test, the sample shall withstand the specified impact without cracking or breaking
to the extent that the pieces are released or dropped from their intended position.

Exception: The test is not required for exterior glass of a nonshattering or tempered type that, when

broken, comp

ies with ANSI 797 1

84.1.2 The

diameter, 1.18 Ib (0.54 kg) steel ball. The steel ball is to impact the sample by falling verticq

as a pendulur

84.2 Mechanical pressure test

84.2.1 One
84.2.2. As a
supporting m

84.2.2 The s
to be evenly g

the glass areq.

Exception No
than 6 ft (1.8
applied force

Exception No|
does not app

85 Glass C¢

85.1 Three
in85.2. Asar

e
1ans shall not be damaged to the extent that it doesot support the glass.

sample is to be subjected to a 2-1/2 ft-Ibf (3.4 J) impact by means_of\a’ 2

n. The ball is to impact the sample within 1 in (25.4 mm) of the center, of the gla

sample of exterior glass as specified in 13.1.6 shall e Subjected to the tesg
sult of the test, the sample shall withstand the spegcified force and shall not

istributed and applied through a 3-in (76«mm) diameter resilient disc located i

1: If the entire section of glassis located at a distance greater than 3.5 ft (1
m) above floor level and is in a‘plane that is 45 degrees or less with the ven
s to be 35 Ibf (156 N).

2: If the entire section of glass is located 6 ft (1.8 m) or greater above floor
.

bmponent Strength Test

samples-of a glass component as described in 13.1.9 shall be subjected to the
esult of the test, the samples shall withstand the specified impact without brea

in (50.8 mm)
lly or swinging
Ss area.

t described in
break and the

ample shall withstand a gradually applied force of 50 Ibf (223 N) for one minute. The force is

n the center of

1 m) and less
ical plane, the

level, this test

test specified
ng.

85.2 Each sample is to be subjected to a 1.6 ft-Ibf (2.2 J) impact by means of a 2-in (50.8-mm) diameter,
1.18-Ib (0.54-kg) steel ball. The steel ball is to impact the sample by falling vertically or swinging as a
pendulum. The ball is to impact the sample within 1 in (25.4 mm) of the center of the component.

Exception: Using a panel of flat glass of the type used in a vendor complies when it is determined that the
results of the test on the separate panel is representative of the component as used in the vendor.

86 Strain Relief Test

86.1 When a vender is tested in accordance with 86.2 — 86.5, there shall be no movement of the cord or
wiring leads to indicate that stress is transmitted to internal connections and wiring.
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86.2 A strain relief means for a power supply cord, including that for an externally-mounted accessory is
to be subjected to a direct pull of 35 pounds-force (156 N). The force may be generated by suspending a
35 pound (15.9 kg) weight on the cord of the vender.

86.3 A strain relief means for wiring leads intended for connection of field-installed supply conductors
and power supply conductors of an internally-mounted accessory shall be subjected to a direct pull of 20
pounds-force (89 N). The force may be generated by suspending a 20 pound (9.1 kg) weight on the
vender leads.

86.4 The force specified in 86.2 or 86.3 shall be applied so that the strain relief is stressed from any
angle permitted by the construction of the vender.

86.5 The forge shall be applied for not less than 1 minute.

87 Push-Bagk Strain-Relief Test

87.1
occurrence of

To dete¢rmine compliance with 15.15, a vender shall be tested in accérdance with 87.2 without

any of the conditions specified in 15.15(a) — (d).

87.2 The attadched flexible cord is to be held 1 in (25.4 mm) from the, point where the cord emerges from

the enclosure
into the vendo
vendor is gre
compliance.

Exception No.
mm) from the

Exception No.
structure that
applied 1 in

compartment.

88 Wiring E

88.1
shall not pene

A vendeér tested in/accordance with 88.2 — 88.4, shall have no broken conductors, indi

pf the vendor and is then to be pushed back into thevendor. The cord is to be
rin 1in (25.4 mm) increments until the cord buckles or the force to push thg
pter than 6 Ibf (26.7 N). The cord within the vendor is to be manipulated

1: When an integral cord guard is provided, the push-back force is to be app
bnd of the cord guard.

2: For constructions where the-enclosure is provided with an open air dischg
s located adjacent to, or encompasses the cord exit location, the push-back
5.4 mm) from the point where the cord emerges from the junction box 0

hdurance Test

rate the insulation and there shall be no damage to the wiring.

pushed back
cord into the
to determine

ied 1in (25.4

hrge or similar
force is to be
r other wiring

vidual strands

88.2 Wiring

subject to movement shall be tested by cycling the moving part(s) through

the maximum

travel permitted by the design. Tf the electrical component to which the wiring is connected is exposed to
the user, the duration of the endurance test shall be 100,000 cycles, otherwise the test shall be for 6,000
cycles.

88.3 Restraints, such as chains, clamps, and the like, that may be provided on the vender shall remain in
place during the test.

88.4 Following the endurance cycling, the vender shall be subjected to the Dielectric Voltage Withstand
Test, Section 64, and the wiring examined for damage. No dielectric breakdown shall occur.
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89 Accelerated Aging Tests on Gaskets and Adhesives

89.1 The requirements in 89.2 — 89.6 apply to gaskets required as seals for electrical enclosures of
venders intended for outdoor use. The requirements in 89.7 applies to adhesives required to secure such
gaskets to enclosures or covers.

89.2 Tensile strength and elongation are to be determined using the test methods and apparatus
described in ASTM D412.

89.3 Neoprene or rubber compounds, except foamed materials, forming gaskets shall have physical
properties before and after an air oven aging for 70 hours at 100 £2°C (212 £3.6°F), as indicated in Table

89.1.

Table 89.1
Physical properties for gaskets

Before test

After test

Recovery — Ma
(25.4 mm) gaug
2-1/2 inches (63
minutes, and m
release

Elongation — Mi
distance

Tensile strength
breaking point

imum set when 1 inch

e marks are stretched to
.5 mm), held for 2
basured 2 minutes after

1/4 inch (6.4 mm)

himum increase in 250 percent (1 to 3-1/2 inches)

(25.4 — 88.9 mm)
850 psi (5.86 MPa)

65 percent of g

— minimum force at 75 percent of g

riginal

riginal

89.4 Foamdg
for 70 hours
degree which

89.5 Therm
oven at 87°(
deteriorate to

89.6 With re
not less than

d neoprene or rubber compounds-forming gaskets are to be subjected to an
at 100 £2°C (212 £3.6°F). The'compounds shall not harden or otherwise d
will affect their sealing properties.

bplastic materials forming gaskets are to be subjected to a test involving exp
[ (188.6° F) for a period of 7 days. The material shall not deform or melt
a degree which willaffect its sealing properties.

ference t0,89:5, polyvinyl chloride gasket material shall have an ultimate tens
1200 psi(8.27 MPa) and an ultimate elongation of not less than 250 percent

oven test. Th

75 percent of the.eriginal values after the air-oven test.

T

minipum tensile strength is to be not less than 90 percent and the elongatio

Qir oven aging
eteriorate to a

Dsure in an air
or otherwise

ile strength of
before the air-
h not less than

89.7 The force required to peel a gasket that is secured by adhesives from its mounting surface after
exposure shall not be less than 75 percent of the value determined on "as-received" samples. Samples of
the adhesive and mounting surface are to be exposed for a period of 72 hours to each of the following
conditions:

a) 100°C (212°F);
b) 32°C (89.6°F) and 87 percent relative humidity; and

¢) minus 10°C (14°F).
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90 Metallic Coating Thickness Test

90.1 The solution to be used for the metallic coating thickness tests required in 13.2.4 and 13.2.5 is to be
made from distilled water and is to contain 200 grams per liter of chemically pure chromic acid, CrO5; and
50 grams per liter of chemically pure concentrated sulphuric acid, H, SO,. (The latter is equivalent to 27
milliliters per liter of chemically pure concentrated sulphuric acid, specific gravity 1.84, containing 96
percent of Hy SO,.)

90.2 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 approximately 0.025 inches (0.64 mm) inside bore and
5.5 inches (140 mm) long. The lower end of the capillary tube is tapered to form a tip, the drops from which
are about 0.05 milliliter each. To preserve an effectively constant level, a small glass tube is inserted in the

top of the funn
open, the rate|
place of the gl

90.3 The s3
temperature o
temperature o

904 Each {
nonmetallic cg
thoroughly rins
the cleaned sU

90.5 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 about

90.6 After cl
opened and th
off the protect]
base metal req

90.7 Each s

threaded surfaces, on thésinside surface and at an equal number of points on the outsig

places where
precoated shg
thin coatings.

el through a rubber stopper and its position is to be adjusted so that, when-{H
of dropping is 100 +5 drops per minute. If desired, an additional stopcock m
hss tube to control the rate of dropping.

mple and the test solution should be kept in the test room lohg enough t
21-32°C (70— 90°F).

ample is to be thoroughly cleaned before testing,-All grease, lacquer, pa
atings are to be removed completely by means of/Suitable solvent. Samples
bed in water and dried with clean cheesecloth. Care should be exercised to av
rface with the hands or any foreign materials.

blution strike the point to be tested.and run off quickly. The surface to be tes
45 degrees from horizontal.

paning, the sample to be tested is to be put in place under the orifice. The sto
e time in seconds is to be\measured with a stop watch until the dropping solu
ve metallic coating, exposing the base metal. The end point is the first appe
ognizable by the change in color at that point.

ample of a test.lot is to be tested at three or more points, excluding cut, s

the metallic coating may be expected to be the thinnest. On enclosure
ets, the-external corners that are subjected to the greatest deformation are

e stopcock is
Ay be used in

b acquire the

f the room, which should be noted and recorded. The test .is to be conduciled at a room

nt, and other
are then to be
oid contact of

prifice, so that
ted should be

bcock is to be
tion dissolves
arance of the

stenciled, and
le surface, at
s made from
likely to have

90.8 To calculate the thickness of the coating being tested, select from Table 90.1 the thickness factor
appropriate for the temperature at which the test was conducted and multiply by the time in seconds
required to expose base metal as noted in 90.6.
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Table 90.1
Coating thickness factors
Thickness Factors, 0.00001 inches (0.0003 mm) per second
Temperature

°C (°F) Cadmium platings Zinc platings

21.1 (70) 1.331 0.980

21.7 (71) 1.340 0.990

222 (72) 1.352 1.000

22.8 (73) 1.362 1.010

233 (74) 1372 1015

23[9 (75) 1.383 11025

24(4 (76) 1.395 11033

25(0 (77) 1.405 11042

25(6 (78) 1.416 11050

26|1 (79) 1.427 11060

26(7 (80) 1.438 1]070

27[2 (81) 1.450 11080

27(8 (82) 1,460 11085

283 (83) 1.470 11095

28(9 (84) 1.480 11100

29(4 (85) 1.490 1110

30[0 (86) 1.501 11120

30[6 (87) 1.513 11130

31|1 (88) 1.524 11141

31f7 (89) 1.534 11150

32[2 (90) 1.546 11160
91 Label Adhesion Tests
91.1 General
91.1.1 With|reference to 101.2, after being subjected to the conditions described in 91.2.1 — 91.5.1, a
pressure-sensitivelabel or a label secured by cement or adhesive is considered to be of a permanent
nature if; immediately—following—remeovalfrom—each—test—medivm—andafterbeing—exposed to room

A2y =g

temperature for 24 hours following removal from each medium:

a) The

edges of each sample are not curled.

b) The label cannot be defaced or be removed as demonstrated by scraping across the test panel
with a flat metal blade 1/16 inch (1.6 mm) thick, held at a right angle, to the test panel.

c) The

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

Exception: This test does not apply to a pressure-sensitive label or a label secured by cement or adhesive

that complies

with UL 969.
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91.2 Oven-aging test
91.2.1 Three samples of the label applied to test surfaces as in the intended application are to be placed

in an air oven maintained at the temperature indicated in Table 91.1 for 240 hours.

Table 91.1
Oven-aging test temperatures

Maximum temperature of surface to which applied? Test temperature
°C °F or less °C °F
60 (140 87 (189)
80, (176) 105 (1)
10 (212) 121 (250)
124 (257) 150 (302)
15 (302) 180 (366)
Over 150°C (302°F) b

@ As measured d

® A label which is
oven-aged at a |
operation.

uring temperature tests.

applied to a surface attaining a temperature greater than 150°C (302°F).during the temperature t¢
emperature which is representative of the temperatures attained by-the vender during normal and

bsts is to be
hbnormal

91.3 Immers

91.3.1 Thres
in a controlled
24 hours. The

91.4 Standa

9141
in a controlled
hours.

91.5 Unusual condition.exposure test

91.5.1 Ifthe
soft drink syri

Thresg

ion test

samples of the label applied to test surfaces as in the intended application ar
atmosphere maintained at 23 £+2°C (73.4 +3.6°F) with a 50 15 percent relativ
samples are then immersed in water at a temperature of 21 +2°C (69.8 £3.6°F

rd atmosphere test

samples of the label applied to test surfaces as in the intended application ar
atmosphere maintained at 23 +2°C (73.4 +3.6°F) with 50 +5 percent relative h

labels\are exposed to unusual conditions in service, such as oil, grease, clear

e to be placed
e humidity for
for 48 hours.

b to be placed
umidity for 72

ing solutions,

p, or the like, three samples of the label applied to test surfaces as in

the intended

application are 0 be placed in a controlled atmosphere maintained at 23 £2°C (73.4 £3.6°F) with a 50 5
percent relative humidity for 24 hours. The samples are then immersed for 48 hours in a solution
representative of service use maintained at the temperature the solution would attain in service, but in no
case less than 23 +2°C.

92 Tests on

92.1 Nonme

Nonmetallic Materials

tallic materials are to be evaluated as specified in Table 92.1.
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Table 92.1
Tests on nonmetallic materials-based on nonmetallic requirements in Sections 7 - 10
Nonmetallic Component Applicable Test Number
A part serving as an enclosure for ignition sources 13,22 3P or4h 6,7° 8% 9, 10, 11, 12, 13, 14, 15
A part serving as a cabinet Minimum 4", 6, 7,89, 9, 10, 11, 12, 13, 14, 15
A functional part Minimum 4", 6, 7°, 89, 10, 11, 12, 13
A nonfunctional part Minimum 4", 9
NOTES
1. 5inch end product flame test®.
2. 5V rated material’.
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 rdted material’ or a material with a flame spread rating of 25 or less and a smoke developed fating of 50 or less®.
5. HBF, HF-1, HF-2 rated materials'.
6. Mold Stress-IRelief Test®.
7. Fastener Strgngth Test, Section 93.
8. Adhesive Tegt®.
9. Radiant Pangl or Surface Burning Characteristic TestS. A flame spread index (FSI),of ot more than 200 applies{only to parts
forming portiong of the external enclosure, or of a decorative part if the total area of-thé enclosure exceeds 10 ft.? (0.93 m?).
10. Volume Redistivity Test® — Applies only if electrical spacings between unins@lated live parts and the material atfe less than
specified in high}-voltage circuits, and low voltage circuits, or if the part is used\as’indirect support of an uninsulated live part.
11. High Curreng Arc Ignition Test® — Applies only if the material is used to‘enclose uninsulated live parts or to prov|de indirect
support of unindulated live parts. The test does not apply if uninsulated'live parts are located a minimum of 1/32 ingh (0.79 mm)
from the part. If ppplicable, no ignition shall occur to: V-0 materials subjected to 15 arcs; V-1, V-2, or 5V materials $ubjected to 30

arcs, or to HB n

12. Hot Wire Ig
applicable, ignit

13. Impact Test
enclosures con

15. UV Light EX
cabinet and/or 4

2 An enclosure
place.

b A material with
result of a conti

¢ Applies to an g
screws or nuts;
securement.

4 Applies only if

aterials subjected to 60 arcs.

ition Test® — Applies only if the material is within1/2 inch (12.7 mm) of electrically-heated wires or
on shall not occur in less than: 10 s for V-0 materials, 15 s for V-1 or 5V materials, or 30 s for V-2 g

aining moving parts.

14. Crush Residtance Test® — Only one sample néeds to be tested.

bosure Test® — Applies to ¥enders intended for outdoor or protected locations and provided with a
nclosure that could be-exposed to sunlight.

rovided with a barfierinterposed between the material and an ignition source will be tested with th

a V-2 minimumrrating is able to be used to enclose an ignition source if the ignition source is only
uous action,by an attending operator.

nclosUiethat serves only to reduce the risk of electric shock and having ultrasonic welds; heat we|
metahscrews threaded into a polymeric part, or other means where degradation of a polymeric ma

¢ — 5 ft-Ib (6.8 J) impact for enclosures containing uninsulated live and hot parts, 1.5 ft-Ib (2.0 J) imppact for

esistors. If
r HB materials.

bolymeric

e barrier in

energized as a

ds; polymeric
terial affects

the adhesive is relied on to maintain the integrity of an enclosure or functional part.

¢ Tested or rated as described in UL 746C.
fTested or rated as described in UL 94.
9 Tested or rated as described in ASTM E162 or UL 723.

" These materials are able to be used if ignition sources are separated or isolated in accordance with Nonmetallic Material Ignition
Sources Separation, Section 9.

93 Fastener Strength Test

93.1
integrity of an

enclosure shall comply with 93.2 and 93.3.

With reference to the requirement in 10.2, nonmetallic fasteners that can degrade and affect the

93.2 The tightening torque and pull-off strength of such fasteners shall be not less than 50 percent of the
as-received value.


https://ulnorm.com/api/?name=UL 541 2020.pdf

108 UL 541 NOVEMBER 19, 2020

93.3 Three sets of samples, each set consisting of three specimens, shall be temperature conditioned as
specified in Table 93.1 and Table 93.2.

Table 93.1
Test specifications

Sample Set Number of Test Specifications
Samples
1 3 As-received (no conditioning).

Oven aging — 300 hours at the service temperature plus 18°F (10°C) but not less
than 158°F (70°F). Service temperature is considered to be the temperature

2 3 measured during the Temperature and Pressure Tests_Section 83: and Heating Test,
Section 65.

3 3 Heat cycling — 40 cycles of alternate heating and cooling at the-temperratures
specified in Table 93.2. Each cycle is to consist of 4 hours at'the-Uppef temperature
followed by 4 hours at the lower temperature.

Table 93.2
Temperature cycling parameters
Location Upper Temperature Lower Tempernature
Nonrefrigerated Areas Service temperature plus 18°F (10°C) 77°F (25°Q)
but not less than 158°F (70°C)
Refrigerated Argas 90°F (32°C) 32°F (0°C
Low Temperaturg Area 90°F (32°C) 0°F (minus 17{8°C)

94 Refrigergnt Identification Tests
94.1 General

94.1.1 Thes¢ tests are applicable.to-refrigerants required to be subjected to a compositiomal analysis in
accordance wjth 56.2 (b) and 56.3. The infrared analysis in 94.2 applies to single component ("pure")
refrigerants. The Gas Chromatography Analysis, Section 94.3 applies to blended (m¢re than one
component) rgfrigerants.

94.2 Infrared analysis

94.2.1 An infrared analysis shall be performed with a Fourier Transform Infrared (FTIR)|spectrometer
and/or Dispersive Infrared spectrophotometer. The infrared spectra obtained shall consist of a minimum
wavenumber range of 4000 — 400 reciprocal centimeters.

94.2.2 A representative sample of a single component refrigerant shall be captured in a sealed cell and
the infrared spectra of the refrigerant shall be obtained.

94.2.3 The results shall be recorded as a plot of the percent transmittance of the infrared radiation
through the specimen versus the reciprocal wavelength (cm-1) or "wavenumber" of the radiation. Percent
transmittance shall be expressed on the ordinate and "wavenumber" on the abscissa.

94.3 Gas chromatography analysis

94.3.1 A gas chromatography analysis shall be performed with a gas chromatograph using thermal
conductivity, flame ionization or equivalent detection.
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94.3.2 A representative aliquot of liquid of the blended refrigerant shall be transferred to an evacuated
container and allowed to vaporize. A known volume of the vaporized sample shall be injected into a gas
chromatograph that has been calibrated for the sample component(s). A chromatogram of the refrigerant
shall be obtained.

94.3.3 The results shall be recorded as a plot of time, measured from the start of the analysis on the

abscissa, versus the detector response of the individual fractions of the refrigerant on the ordinate.

95 Protective Electronic Circuit Tests

The requirements in Section 95 have been adapted by UL from IEC 60335-1 Ed. 5.1 b:2013 with permission of the American
National Standards Institute (ANSI) on behalf of the International Electrotechnical Commission. All rights reserved.

95.1 GenerLI

95.1.1 The
circuit and int

95.1.2 User
95.2 Faultd

95.2.1 Follo
there shall be
not be exposs

95.2.2 Inac
to comply wit
Test, Section
protective ele
conditions, ez

a) Op¢4
b) Sha

¢) Shq
(MOV

d) Fail

ests in 95.2 — 95.5 are applicable to vending machines provided with.a proteq
pnded to comply with 29.5.1(c) or 30.1.14(h).

adjustable controls shall be adjusted to their most unfavorable-setting.
onditions abnormal test

wing the application of the operational fault conditions in accordance with 94
no risk of fire, electric shock or injury to persons. Electrical live parts or moy
d. The vending machine shall comply withhie Dielectric Voltage Withstand Te

cordance with 30.1.29(b), an appliange provided with a protective electronic ¢
h 29.5.1(c) or 30.1.14 (h) shall be~operated as specified in the Temperature
53 except the room ambient shall-be maintained at 21.1 — 26.7°C (70 — 80°F).
ctronic circuit shall then be subjected to any one of the following relevant oy
ch consecutively applied-one at a time:

n circuit at the terminals of any component;
rt circuit of capacitors, unless they comply with UL 60384-14;

rt circuit of.any two terminals of an electronic component, including a metal
. For the test applicable to an integrated circuit, see item (e);

Liresoftriacs in the diode mode;

tive electronic

b.2.2 — 95.2.5,
ing parts shall
5t, Section 64.

ircuit intended
and Pressure
The appliance
erational fault

oxide varistor

e) Failure of microprocessors and integrated circuits except components such as thyristors and
triacs. All possible output signals occurring within the component which may result in the appliance
not complying with 95.2.1 shall be considered;

f) Failure of an electronic power switching device, such as a field effect transistor and a bipolar
transistor (including the insulated gate type) in a partial turn-on mode with loss of gate (base)
control;

g) Short-circuiting of any circuit that differs in voltage from the supply source of the protective
electronic circuit by connecting the different voltage circuit to the supply source.

95.2.3

In reference to 95.2.2, the following items shall be considered:

a) If the fault specified in 95.2.2(c) is not applied:
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i) Between two circuits of an optical isolator, then the optical isolator shall comply with UL

1577.

ii) To the short circuiting of an electronic surge protective device, such as a metal oxide
varistor (MOV), then the MOV shall comply with the Type 4 requirements in UL 1449.

b) For evaluating encapsulated or similar components, if the circuit and/or components cannot be
evaluated by other methods, then 95.2.2(e) shall be applied.

c) For evaluating the components in 95.2.2(f), one method for simulating this mode is to disconnect
the electronic power switching device gate (base) terminal and then connect an external adjustable
power supply between the gate (base) terminal and the source (emitter) terminal of the electronic
power switching device. The power supply can then be varied to obtain the current which is the

most s

d) Ste
unless

e) If m
applian
each fg

95.2.4 The {
manual reset
such a device,

9525 Ana
30.1.15 (h) sh
subjected to th
78. The appl

bvere but which does not damage the electronic power switching device.

b-function positive temperature coefficient thermistors (PTC-S) shall\be
they comply with the DC PTC Thermistors requirements in 14.5.3 of UL 60065

ore than one of the operational fault conditions in 95.2.2 (a) —<(g) are apq
ce, the appliance shall be allowed to cool down to room temperature after the
ult condition unless such cooling is determined not to adversely impact the tes

perational fault conditions specified in 95.2.2(a) ~(g) shall be considered g
non-self-resetting) device opens the supply circuit. If the supply circuit is n
then the fault conditions shall be applied untild¢hermal equilibrium is establishe

short-circuited

licable to the
application of
[ results.

ompleted if a
ot opened by
d.

ppliance provided with a protective electronic circuit intended to comply wit
all additionally be operated as specified 95.2.2 except that the applianc

ance protective electronic circuit shall then be subjected to any one off

e
e relevant abnormal condition(s) addressed by Sections 13.3, 13.4, 28, 29, SI

29.5.1(c) or
shall first be
,69,71,76 -
the relevant

operational fayilt conditions as outlined in 95.2.2 (a) — (g), each consecutively applied one at @ time.

95.3 Electr

95.3.1
comply with

In accordance with 3071.29 (e), an appliance having a protective electronic circu

magnetic compatibility (EMC) tests

.5.1(c) or 304.44 (h) shall be subjected to the electromagnetic phenomen

95.3.3-95.3.

a) Aft
specifi
results

, each applied.one at a time. Each test shall be carried out:

r a protective electronic circuit has operated during the relevant abnorma

it intended to
A specified in

condition (s)
most severe

(e.9.7highest temperatures, pressures, etc.);

b) At conditions specified in the Temperature and Pressure Test, Section 63 except that the room
ambient shall be maintained at 21.1 — 26.7°C (70 — 80°F) unless different conditions are required
by the specific abnormal condition being applied; and

¢) With

surge protective devices disconnected unless they incorporate spark gaps.

95.3.2 Following the application of each electromagnetic stress, a protective electronic circuit shall
continue to operate as intended. In addition, there shall be no risk of fire, electric shock or injury to
persons. Electrical live parts or moving parts shall not be exposed. The vending machine shall comply with
the Dielectric Voltage Withstand Test, Section 64.

95.3.3 Electrostatic discharges shall be applied in accordance with IEC 61000-4-2, test level 4 being
applicable. Ten discharges having a positive polarity and ten discharges having a negative polarity shall be
applied at each preselected point.
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95.3.4 Radiated fields shall be applied in accordance with IEC 61000-4-3. The frequency ranges tested
shall be 80 MHz to 1000 MHz, test level 3; 1.4 GHz to 2.0 GHz, test level 3; and 2.0 GHz to 2.7 GHz, test
level 2. The dwell time for each frequency shall be sufficient to observe a possible malfunction of the
protective electronic circuit.

95.3.5 Fast transient bursts shall be applied in accordance with IEC 61000-4-4. Test level 3 with a
repetition rate of 5 kHz is applicable for signal and control lines. Test level 4 with a repetition rate of 5 kHz
is applicable for the power supply lines. The bursts are applied for 2 min with a positive polarity and for 2
min with a negative polarity.

95.3.6 Voltage surges shall be applied to the appliance power supply terminals in accordance with IEC
61000-4-5, with five positive impulses and five negative impulses being applied at the selected points. An

open circuit {
source imped
ground coupli
elements in w
during this teq
at a level that
disconnected

95.3.7 Injec
During the te
frequency shg

95.3.8 Volta

a) IEG
specifi
voltag

b) IEC
specifi
voltag

95.3.9 Supq
test level Clas

95.4 Progrgmmable component reduced supply voltage test

bst voltage of 2 kV is applicable for the line-to-line coupling mode, a gene
ance of 2 ohms being used. An open circuit test voltage of 4 kV is applicable

hich a metal sheath is bonded in accordance with 16.1.1 shall be électrically

is 95 percent of the flashover voltage. If a feedback system depénds on inpd
heating element, an artificial network may be needed.

ed currents shall be applied in accordance with IEC 61000-4-6, test level 3 be
5t, all frequencies between 0.15 MHz to 80 MHz shall be covered. The dwel
Il be sufficient to observe a possible malfunction.ef the protective electronic cir

61000-4-11, for vending machines having a rated current not exceeding 16
b or
61000-4-34, for vending machines having a rated current exceeding 16

)

-

ly source (mains)-signals shall be tested in accordance with IEC 61000-4-13
s 2 using thexfrequency steps according to Table 10 of IEC 61000-4-13 shall b

rator having a
for the line-to-

hg mode, a generator having a source impedance of 12 ohms being used. Sheathed heating

disconnected

t. For appliances having surge arresters incorporating spark gaps..the test shall be repeated

ts related to a

ng applicable.
time for each
cuit.

pe dips and interruptions specified as test le\el Class 3 shall be applied in accordance with:

A. The values

ed in Table 1 and Table 2 of IEC 61000-4-11 shall be applied at zero crossing of the supply

A. The values

ed in Table 1 and Table(2 of IEC 61000-4-34 shall be applied at zero crossing of the supply

Table 11 with
b applied.

95.4.1 In ag¢cordance with 30.1.29(f), the following test is applicable to an appliance pfovided with a
protective electronic circuit intended to comply with Z29.5.7(c) or 30.1.74(h) and having a programmable
component for one or more of its safety functions.

95.4.2 Following the voltage changes specified in 95.4.3, an appliance shall continue to either operate
normally from the same point in its operating cycle at which the voltage decrease occurred or a manual
operation shall be required to restart the appliance. In addition, there shall be no risk of fire, electric shock
or injury to persons. Electrical live parts or moving parts shall not be exposed. The appliance shall comply
with the Dielectric Voltage Withstand Test, Section 64.

95.4.3 The appliance shall be operated at rated voltage and at conditions specified in the Temperature
and Pressure Test, Section 63, except that the room ambient shall be maintained at 21.1 — 26.7°C (70 —
80°F) until thermal equilibrium occurs. The power supply voltage shall then be changed, by approximately
10 V/s until the voltage reductions or increases specified in (a) — (d) are attained. The power supply
voltage shall then be maintained at each voltage condition for not less than 60 s as follows:
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a) Voltage shall be reduced until the appliance ceases to respond to user inputs or parts controlled
by the programmable component cease to operate, whichever occurs first. This value of supply
voltage shall be recorded.

b) Voltage shall be increased to rated voltage so that the appliance operates as intended.

¢) Voltage shall be reduced to a value that is approximately 10 percent less than the recorded
voltage.

d) Voltage shall be increased so that the appliance operates as intended.

95.5 Fuse-link test

95.5.1 In acq
a protective el
link opens dur

95.5.2 Thef
the relevant p
ammeter. The

95.5.3 Ther
be determineg
ammeter inter
of the fuse-link

956.5.4 Ifthe

a) Is af

and the results obtained during the tests’of the Fault Conditions Abnormal Test, Sed

the fus

b) Is K
conditi

with the fuse-link short-circuited. The test shall be conducted until the lesser of one o

occurs

ordance with 30.1.29(c), the following test is applicable to a vending machine
bctronic circuit intended to comply with 29.5.1(c) or 30.1.14(h) and in which '@
ng the application of one or more of the operational fault conditions specified i

hult condition in which the miniature fuse-link opened shall be repeated in ac
arts of Fault Conditions Abnormal Test, Section 95.2 exept with the fuse re
current in the circuit shall be measured.

bsistance of the fuse-link shall be measured so that.the rated current through
. The current measured by the ammeter describéd by 95.5.2 is to be mu
hal resistance and then divided by the resistance of the fuse link to obtain the
for making the determinations specified in 95.5.4.

Calculation determined in accordance with 95.5.3:

least 2.75 times the rated current of the fuse-link, the circuit is considered td

b-link in the circuit can be usedto determine compliance with 95.2.1.

etween 2.1 times and 2.75 times the rated current of the fuse-link, the
bn(s) in accordance.with the Fault Conditions Abnormal Test, Section 95.2 sha

and the results'shall comply with 95.2.1:
1) 2 minutes for time lag fuse-links; or

2) 30"minutes for quick acting fuse-links; or

provided with
iniature fuse-
95.2.

cordance with
placed by an

the fuse can
tiplied by the
rated current

be protected
tion 95.2 with

relevant fault
Il be repeated
f the following

c) Is 2.1 times the rated current of the fuse-link or less, the circuit shall not be considered to be
protected and the relevant fault condition(s) in accordance with Fault Conditions Abnormal Test,
Section 95.2 shall be repeated with the fuse-link short-circuited. The results shall comply with
95.2.1.

MANUFACTURING AND PRODUCTION TESTS

96 Pressure Tests

96.1

Each vender shall be tested and proved tight at pressures not less than those design pressure(s)

marked on the vender. See 101.8.
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