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INTRODUCTION

1 Scope

1.1

These requirements apply to self-contained spas. They also apply to field-installed equipment

assemblies, blowers, and controls for use with field-installed hot tubs, swimming pools, non-self-contained
spas, and exercise spas. These products are for household or commercial use, indoors, outdoors, or both.
All equipment is intended for installation and use in accordance with Article 680 of the National Electrical

Code, NFPA

70.

1.2 These requirements do not apply to products covered by the following UL Standards:

a)Un
b) Sw
c) Eleg

d) Pe
— whi

e) Hy

2 Units of Measurement

2.1 Values
approximate

2.2 Unless
square (rms)

3 Refereng

3.1 Anyun
interpreted a

3.2 Thefoll

APSP-16, St

Herwater Luminaires and Submersible Junction Boxes, UL 676;
imming Pool Pumps, Filters, and Chlorinators, UL 1081;
ctric Water Heaters for Pools and Tubs, UL 1261;

rsonal Hygiene and Health Care Appliances, UL 1431 (professional hydrothera
Ipool bathtubs); and

Hromassage Bathtubs, UL 1795.

stated without parentheses are the requirement. Values in parentheses are €
information.

indicated otherwise, all voltage and.current values mentioned in this Standard a

ed Publications

5 referring to the.latest edition of that code or standard.
pwing publications are referenced in this Standard:

andard-for Suction Fittings for Use in Swimming Pools, Wading Pools, Spas, and

APSP/ICC-6

ASME B1.20

py equipment

xplanatory or

re root-mean-

jated reference to a-.code or standard appearing in the requirements of this Standard shall be

| Hot Tubs

O 13—Standtardtfor ResidentiatP S SIS

.1, Pipe Threads, General Purpose (Inch)

ASTM B209/B209M, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate

ASTM E230/E230M, Standard Specification for Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples

ASTM A653/653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process

ASTM A90/A90M, Standard Test Method for Weight (Mass) of Coating on Iron and Steel Articles with Zinc

or Zinc-Alloy

Copyright Underwriters Laboratories Inc.
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ASTM E28, Standard Test Methods for Softening Point of Resins Derived from Pine Chemicals and
Hydrocarbons, by Ring-and-Ball Apparatus

CSA C22.2 No. 0.5, Threaded Conduit Entries

IEC 60127-1, Standard for Miniature Fuses — Part 1: Definitions for Miniature Fuses and General
Requirements for Miniature Fuse-links

IEC 60335-1, Household and Similar Electrical Appliances — Safety — Part 1: General Requirements
IEC 61000-4-11, Standard for Electromagnetic Compatibility (EMC) — Part 4-11: Testing and Measurement

H AW ImW Ol ot Lot ' oL\ Lo lE \ L b L A - £ £, H H
TeChnlqueS vortageoipS,-SnottThiettapitionsS—arna—vorage—vartatrorsSTiiunity—TEeStS 701 € UIpment with

input current lp to 16 A per phase

IEC 61000-4413, Electromagnetic Compatibility (EMC) — Part 4-13: Testing and Measurement Techniques
— Harmonics |and Interharmonics Including Mains Signaling at a.c. Power Port, L'ow Frequency Immunity
Tests (IEC 61000-4-13:2002+AMD1:2009+AMD2:2015)

IEC 61000-442, Electromagnetic Compatibility (EMC) — Part 4-2: Testing and Measurement Jechniques —
Electrostatic Discharge Immunity Test

IEC 61000-443, Electromagnetic Compatibility (EMC) — Part 4-3;/Testing and Measurement Jechniques —
Radiated, Raflio-frequency, Electromagnetic Field Immunity Test

IEC 61000-44, Electromagnetic Compatibility (EMC) =Part 4-4: Testing and Measurement Jechniques —
Electrical Fast Transient/Burst Immunity Test

IEC 61000-445, Electromagnetic Compatibility (EMC) — Part 4-5: Testing and measurement fechniques —
Surge immunijity test

IEC 61000-446, Electromagnetic Compatibility (EMC) — Part 4-6: Testing and Measurement Jechniques —
Immunity to Gonducted Disturbances, Induced by Radio-frequency Fields

IEC 60417, Graphical symbals for use on equipment
IEC TS 60479-2, Effects’of current on human beings and livestock — Part 2: Special aspects

NFPA 70, National Electrical Code

NMX-H-146-1996-SCFI, Unified Screw Threads — Specifications
UL 20, General-Use Snap Switches

UL 44, Thermoset-Insulated Wires and Cables

UL 62, Flexible Cords and Cables

UL 66, Fixture Wire

UL 83, Thermoplastic-Insulated Wires and Cables

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

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1563 2025.pdf

JANUARY 13, 2025 UL 1563

UL 157, Gaskets and Seals

UL 244A, Solid-State Controls for Appliances

UL 248-1, Low-Voltage Fuses — Part 1: General Requirements
UL 248-2, Low-Voltage Fuses — Part 2: Class C Fuses

UL 248-3, Low-Voltage Fuses — Part 3: Class CA and CB Fuses

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

UL 248-5, Ldw-Voltage Fuses — Part 5: Class G Fuses

UL 248-6, Ldw-Voltage Fuses — Part 6: Class H Non-Renewable Fuses
UL 248-7, Ldw-Voltage Fuses — Part 7: Class H Renewable Fuses

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

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

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

UL 248-11, Lpbw-Voltage Fuses — Part 11: Plug Fuses

UL 248-12, ljow-Voltage Fuses — Part 12: Class-R'Fuses

UL 248-15, Low-Voltage Fuses — Part 15-Class T Fuses

UL 310, Electrical Quick-Connect Terminals

UL 353, Limit Controls

UL 379, Powger Units fanFountain, Swimming Pool, and Spa Luminaires

UL 467, Grodinding.and Bonding Equipment

UL 486A-486B, Wire Connectors

UL 486E, Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors

UL 489, Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures
UL 496, Lampholders

UL 498, Attachment Plugs and Receptacles

UL 508, Industrial Control Equipment

UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers
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UL 676, Underwater Luminaires and Submersible Junction Boxes

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations
UL 746D, Polymeric Materials — Fabricated Parts

UL 758, Appliance Wiring Material

UL 796, Printed Wiring Boards

UL 810, Capacitors

UL 817, Cord|Sets and Power-Supply Cords
UL 840, Insulgtion Coordination Including Clearances and Creepage Distances for.Electrical Equipment
UL 873, Temperature-Indicating and -Regulating Equipment

UL 917, Clock-Operated Switches

UL 943, Ground-Fault Circuit-Interrupters

UL 969, Marljng and Labeling Systems

UL 991, Testq for Safety-Related Controls Employing Selid-State Devices
UL 1004-1, Rptating 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 @ther Than Class 2

UL 1030, Shgathed-Heating Elements

UL 1059, Terminal Blocks

UL 1081, Swimming Pool Pumps, Filters, and Chlorinators

UL 1097, Double Insulation Systems for Use in Electrical Equipment
UL 1241, Junction Boxes for Swimming Pool Luminaires

UL 1261, Electric Water Heaters for Pools and Tubs

UL 1310, Class 2 Power Units

UL 1332, Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment
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UL 1411, Transformers and Motor Transformers for Use in Audio-, Radio-, and Television-Type Appliances
UL 1431, Personal Hygiene and Health Care Appliance

UL 1434, Thermistor-Type Devices

UL 1446, Systems of Insulating Materials — General

UL 1449, Surge Protective Devices

UL 1557, Electrically Isolated Semiconductor Devices

UL 1577, Optical Isolators

UL 1795, Hyfiromassage Bathtubs

UL 1977, Component Connectors for Use in Data, Signal, Control and Power Applications
UL 1998, Soitware in Programmable Components

UL 2097, Dolble Insulation Systems for Use in Electronic Equipment

UL 2111, Ovérheating Protection for Motors

UL 2353, Sirlgle- and Multi-layer Insulated Winding Wire

UL 4200A, Products Incorporating Button Batteries of Coin Cell Batteries
UL 4248-1, Ruseholders — Part 1: GeneralNRequirements

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

UL 4248-5, Huseholders — Part.5: Class G

UL 4248-6, Auseholders ~Part 6: Class H

UL 4248-8, Ruseholders — 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
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 5085-3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers
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UL 60065, Audio, Video and Similar Electronic Apparatus — Safety Requirements

UL 60335-1, Safety of Household and Similar Electrical Appliances, Part 1: General Requirements

UL 60384-14, Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains

UL 60691, Th

ermal-Links — Requirements and Application Guide

UL 60730-1, Automatic Electrical Controls — Part 1: General Requirements

UL 60730-246, ATtomatic _Electrical COMrols for Housernold ana Simifar Use, Part ,296: Particular
Requirement$ for Automatic Electrical Pressure Sensing Controls Including Mechanical Requfrements

UL 60730-2-9, Automatic Electrical Controls for Household and Similar Use)-Part 249: Particular
Requirement$ for Temperature Sensing Controls

UL 60947-7-fl, Low-Voltage Switchgear and Controlgear — Part 7-1: Angillary Equipment — Terminal
Blocks for Copper Conductors

UL 60947-7-2, Low-Voltage Switchgear and Controlgear — Part 7-2: Ancillary Equipment|— Protective
Conductor Teyminal Blocks for Copper Conductors

UL 60947-7-B, Low-Voltage Switchgear and Controlgear*— Part 7-3: Ancillary Equipmént — Safety
Requirement$ for Fuse Terminal Blocks

UL 61058-1,

UL 61800-5-
Electrical, Th

4 Glossary
4.1 Forthe
4.2 ACCES

4.3 ACCES

Switches for Appliances — Part 1: Général Requirements

brmal, and Energy

burpose of this Standard the following definitions apply.
SIBLE PART — A part located so that it can be contacted by a person.

SIBLE'TO THE OCCUPANT — Any surface or component within 5 feet (1.52
red’by any convenient method such as a measuring tape or a 5-foot flexible

, Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements —

m) of the tub

water, meas

vire, cord, or

string. The distance shall be measured with the service door closed and shall be the shortest path without
piercing a permanent barrier such as the tub or skirt of a spa or the service door.

4.4 ACTUATION — Movement of the actuating member of the control by the user, by hand, by foot, or by
any other human activity.

4.5 BONDING TERMINAL — A pressure wire connector secured to the enclosure in which the power
supply conductors are terminated, for the connection of a bonding conductor.

4.6 CLASS 2 CIRCUIT — A secondary circuit with an open circuit potential of not more than 30 volts rms
(42.4 volts peak) supplied by a Class 2 transformer, or by a transformer and fixed impedance that together
comply with all performance requirements for Class 2 transformers in UL 5085-1 and UL 5085-3.
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4.7 COLD TUB/COLD SPA/ICE BATH — A spa that provides for cold water only, or for cooled and heated
water. May have high flow water jets and pump(s) or may have low flow water recirculation/filtration only.
When used in the body of the standard, COLD TUB is used to represent COLD SPA, or ICE BATH.

4.8 COMMON BONDING GRID — A common bonding grid may be a copper grounding loop, metal
reinforcing rods in a concrete or tile supporting pad, or a network of other local groundable metal that local
inspection authorities evaluate to be in compliance with Section 680-26(B) of NFPA 70.

4.9 CONFORMAL COATING — An insulating coating that conforms to the configuration of the object that
is coated. The coating is used as a covering to protect against environmental conditions.

A

410 CONTROL;
one function s produced by initiation which is no

OMA = _ACTION A _de e-in-whi e missio

ion of at least

t the result of manual actuation.

4.11 CONTROL, AUXILIARY — A device that provides a functional utility but is not rel
operational gr protective control. The failure of an auxiliary control generally does-not cause
of a protectivie control. An example of an auxiliary is one that controls the "on/off".state of spa

ed on as an
the operation
lighting.

412 CONTROL, MANUAL - A device that requires direct human dinteraction to activate or test the

control.

413 CONTROL, OPERATING — A device that starts or regulates the operation of an apy
normal opergtion. The failure of an operational control generally causes the operation o

liance during
[ a protective

control. An example of an operating control is a temperature’regulating control — a control that maintains

the temperatpre of the spa water to a user-determined level.

4.14 CONTROL, PROTECTIVE - A device, the operation of which is intended to redu
electric shock, fire, or injury to persons during nermal or abnormal operation of the appliang
evaluation ofl the protective control / circuit,:the protective functions are verified under norm
fault conditiops of the control.

4.15 CONTROL, TYPE 2 ACTION™= The actuation of an automatic control (see 4.10)
manufacturirlg deviation and the_drift of its operating value, operating time, or operating se
been declargd and tested under UL 60730-1.

416 CONTROL, TYRE:2:D.H ACTION — This action is applicable to manual controls (s
automatic agtion (i.e~tripping of the control) is independent of the manipulation or position
reset/adjustmhient mechanism. The manipulation of the manual adjustment means will not

ce the risk of
e. During the
al and single-

for which the
quence have

ce 4.12). The
pf the manual
allow for the

reverse operation (resetting of a "tripped" control), even momentarily, while the excess or
persists. Thig aetion i i ion. The action of the control is such th

ault condition
pt the reverse

operation (resetting) is possible if the manual reset mechanism is held in the reset position — i.e. the
control will function as an automatic control if the reset button is held in the reset position. The control shall
not reset automatically at any temperature above -35 °C (-31 °F) with the reset mechanism in the normal
position.

4.17 CONTROL, TYPE 2.D.J ACTION — This action is applicable to manual controls (see 4.12). The
automatic action (i.e. tripping of the control) is independent of the manipulation or position of the manual
reset/adjustment mechanism. The manipulation of the manual adjustment means will not allow for the
reverse operation (resetting of the control), even momentarily, while the excess or fault condition persists.
This action is also referred to as trip-free action.

418 CONTROLLED ENVIRONMENT - An environment that is relatively free from conductive
contaminants, such as dust and carbon particles, and that is protected against humidity and condensation.
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A controlled environment may be provided by a hermetically sealed enclosure, encapsulation, or a
conformal coating.

4,19 CONVERTIBLE UNIT — A spa or equipment assembly that is shipped from the factory with a power
supply cord and that is intended for optional field conversion to a permanently-wired configuration.

4,20 DISCONNECTING MEANS - A suitably rated switch or circuit breaker that opens all ungrounded
circuit conductors and that is readily accessible to the user of the unit.

DRY-FIRE - Fire resulting from dry operation of heating element intended to be continuously

4.21
immersed.
4.22 ENCL(

electric shoc
internal parts
electrical box

4.23 EQUIR
heating, filter
assembly car

424 GROU
compartment

4.25
heat.

HEATI

4,26 HOTT
4.27 HYPEI
can release,
temperature 1

4.28 HYPO
which may c4
falls below 95

DSURE — That part of a unit that renders inaccessible any part that may pres
, prevents emission of flame or molten material, or prevents unintentional
that may involve a risk of injury. Some examples are tub materials,/skirti
ps, and barriers.

MENT ASSEMBLY - A factory-assembled grouping of electrical components us
ng, aeration, or both filtering and aeration of water circulated in a field-sup
be either permanently connected or cord-and-plug connected.

NDING TERMINAL — A designated pressure wire_ connector located within th
to terminate the equipment grounding conductor.of the supply circuit.

NG ELEMENT — An unbroken length of.r€sistance material used to electric

|UB — See SPA, 4.41.

RTHERMIA — A condition that'occurs when the body absorbs or generates mor
vhich may cause abnormally high body temperature. Hyperthermia can occur w|
ises above 104 °F (40 °C).

THERMIA — A eondition that occurs when the body loses heat faster than it
use abnormally-fow body temperature. Hypothermia can occur when the body
°F (35 °C);

| OCK= A device, system, or circuit used to de-energize electrical componer

that become exposed when a cover is removed or when an enclosure is opened.

ent a risk of
contact with
g materials,

ed to provide
blied tub. An

e field wiring

blly generate

e heat than it

hen the body

can produce,
temperature

ts or to stop

4.29 INTER
moving parts
4.30

separated from the input winding and all other output windings.

4.31

low-impedance path for leakage currents to ground.

ISOLATING TRANSFORMER - A transformer with one or more output windings electrically

LEAKAGE CURRENT COLLECTOR — Metal in the water-circulating system intended to provide a

4.32 OPEN MOTOR - A motor having ventilating openings that permit passage of external cooling air
over and around the windings of the motor.

4.33 OPERATING TEMPERATURE VALUE - Value of temperature at which the temperature sensing
control operates on a rise or fall of the temperature.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1563 2025.pdf

JANUARY 13, 2025 UL 1563 17

434 RISK OF ELECTRIC SHOCK - A risk of electric shock is considered to exist whenever the
available current exceeds the limits specified in Table 4.1 when measured as described in the Available
Current Test, Section 47. Other current waveforms than specified in Table 4.1 are considered to comply
with the intent of this requirement if the maximum available current to ground does not exceed the startle
current threshold and the maximum point-to-point current, when unreliable control isolation layers are
removed, does not exceed the let-go current threshold as specified in IEC TS 60479-2.

Table 4.1
Risk of Electric Shock Limits
Location Limit, milliamperes, 50 or 60 Hz AC Limit, milliamperes, pure DCP

Current circulating in the water from two 0.5 2.0

points immersgd in the water

Spa water and|ground 0.5 2.0

Any point accgssible to the spa occupant 0.5 2.0

and ground

Any point on the spa control and ground?® 0.5 2.0

Any two points|on the spa control, or 5.0 30.0

between two cpntrols?

NOTE: The 0.4 and 2.0 mA limits specified correspond to the startle current threshald. The 5.0 and 30 mA limits spgcified
correspond to the let-go current threshold.

@ The outer laypr of a membrane switch shall not be relied upon for mitigation ofthe risk of electric shock.

b DC current is|considered to be pure dc only if it is confirmed through testthat the peak-to-peak value of ripple in the current is not
more than 10 % of the dc current.

4.35 RISK PDF FIRE — A risk of fire is considered-{o*exist when the power limitations of a Class 2 circuit
as defined in|UL 5085-3, are exceeded.

4.36 SAFE[Y CIRCUIT — A circuit that is relied upon to reduce the risk of fire, electric shock,
unintentionall contact with moving parts;’or other casualty hazard (such as hyperthermip). Examples
include, but gre not limited to:

a) Anlinterlock circuit usedto prevent the risk of electric shock and/or injury to personsg;

b) A dircuit which limits’current to accessible parts;
¢) A gircuit whieh limits the wattage to a limited-energy circuit;

d) A temperature-limiting control;

e) A temperature-regulating control; and

f) A dry-fire control.

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

4.38 SECONDARY CIRCUIT — A circuit supplied from an output winding of an isolating transformer.

4.39 SELF-CONTAINED SPA - A portable spa in which all control, water-heating, and water-circulating
equipment is an integral part of the product. Self-contained spas may be permanently wired or cord
connected. See Figure 4.1 for an example of a self-contained spa.
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4.40 SKIMMER - A suction opening intended to remove floating debris from the water surface and to be
installed where part of the water intake opening is open to atmospheric pressure.

4.41 SPA — A product intended for the immersion of persons in heated water or cooled water or both,
circulated in a closed system, and not intended to be drained and filled with each use. A spa usually
includes a filter, a heater (electric, solar, electric heat pump, or gas) and/or chiller (i.e. electric heat pump
or cooler), a pump or pumps, and a control, and may also include other equipment such as lights, blowers,
and water sanitizing equipment.

442 SPA, EXERCISE (ALSO KNOWN AS A SWIM SPA) — Variant of a Portable Spa in which the design
and construction includes specific features and equipment to produce a water flow intended to allow

physical acti

ity including, but not limited to, swimming in place. Exercise spas may inclu

e peripheral

jetted seats i
distinct portio
are of a desig
Percentile Ms

@ APSP/ICC-
PHTA (Pool H

443 SPA, N
an integral p
individual filt
components {

444 SPA, S
equipment is
connected. S

!

htended for water therapy, heater, circulation and filtration system, or may(b
h of a combination spa/exercise spa and may have separate controls. These aq
n and size such that it has an unobstructed volume of water large enolgh'to a
n, as specified in the latest published revision of APSP-16, to swim or'exercise i

5 2013 (R2023), portions of APSP/ICC-6 2013 (R2023) reproduced with per
ot Tub Alliance).

ON-SELF-CONTAINED — A spa in which the water heating and circulating equ
rt of the product. Non-self-contained spas may employ separate components
r, pump, heater, and controls, or they may employ assembled combinatior]
hat are to be installed in accordance with manufacturer's specifications.

an integral part of the product. Self-contained spas may be permanently W
be Figure 4.1 for an example of a self<contained spa.

b a separate
uatic vessels
llow the 99th
n place.?

Mmission from
ipment is not

5 such as an
s of various

ELF-CONTAINED - A portable spa in which all control, water-heating, and water-circulating

ired or cord
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Figure 4.1

Example of Self-Contained Spa
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-
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-

M246A

A — Grounded njetal with spacings to material accessible to the eccupant (see 13.4).

B — Grounded njetal with insulation in lieu of spacings to material accessible to the occupant (see 13.4).

C — Nonmetalliclenclosure of live parts® with spacings to material accessible to the occupant (see 9.3.3 and 13.5).
D — Nonmetalliclenclosure of live parts? with insulatjon-in lieu of spacings to material accessible to the occupant (se€/9.3.3 and 13.5).
E — Nonmetalliclenclosure of live parts® accessible.to the occupant (see 9.3.3 and 13.6).
F — Nonmetallic fenclosure of live parts® accessible to the occupant (see 9.3.3 and 13.7).
G — Alcove/shrojud used to support components (see 9.3.6).

H — Tub materia| (see 9.3.5).

| — Skirting (seeP.3.1, 9.3.2, and\9.3.5).

J — Service dool| (see 9.1.5,9.3.1, 9.3.2, and 9.3.5).

@ Live parts that present.awrisk of electric shock (see 4.34).

b Live parts that|do not present a risk of electric shock.
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445 TEMPERATURE SETTING BY THE USER - Any selection of an operating temperature value by
actuation performed by the user.

446 TOTALLY ENCLOSED MOTOR - A motor that is enclosed to prevent the free exchange of air
between the inside and outside of the enclosure but not necessarily sufficiently enclosed to be airtight.

4,47 UNIT — A collective term used to designate all products covered by this Standard; such as a self-

contained spa, equipment assembly, blower, and control.

5 Accessories

5.1
Standard and
enclosure, or
injury to persq

6 Safety Crf

6.1 Any fun
whereby a lo§
or casualty h3

6.2 Electron

a) Rel
defing

b) No|
enviro

6.3 Electror
a) Anr
b) UL
B. Wh

unless

c) Thg
the ris

An accgssory

shall be constructed so that it can be installed and used without the need fera
other features of the basic unit that are relied upon to reduce the risk of fir€, \eled
DNS.

tical Functions

Ction involved in the control, protection, and monitoring of safety-related attribut
s/malfunction of its functionality would represent an unacceptable risk of fire, e
zards would be considered a Safety Critical Function:

ic circuits that manage a Safety Critical Function:shall be:

able as defined as being able to maintain.the Safety Critical Function in the e
d component faults and

hments of the appliance.

ic circuits managing Safety Ciritical Functions shall comply with:
ex B; or

50730-1 and it's-Part 2's as specified in this Standard. The function shall be cons
en utilizing UL 60730-1, surge protective devices are defeated for the EMC imn
they are proyided with spark gaps (gas tube surge suppressors); or

requirenents in Annex C for circuits providing the Safety Critical heater functio
k ofthyperthermia, scalding and loss of water flow (dry-fire protection).

ments in this

tering wiring,
tric shock, or

s of a pump
ectric shock,

ent of single

[ susceptible to electromagnetic _environmental stresses encountered in the¢ anticipated

idered Class
hunity testing

ns relating to

6.4 Functions specified in Table 6.1 represent the common safety critical circuit functions of spas. It is not
intended to represent all possible Safety Critical Functions.

Table 6.1
Safety Critical Functions

Function?

Hazard

Location of parameters and tests

Motor running overload protection

Motor locked rotor protection

Motor short circuit protection

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

Risk of fire or electric shock

Clause 30.2
Clause 30.2
Clause 30.2
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Table 6.1 Continued

Function? Hazard Location of parameters and tests
Temperature regulating control Hyperthermia Section 37

Temperature limiting control Scalding Section 38

Water-Flow Controls (dry-fire protection) | Risk of fire, electric shock, or scalding Clause 40.4

hazards would

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

be considered a Safety Critical Function.

CONSTRUC
7 General

7.1 A unit g
"For Outdoor

7.2 Aunitt
that the unit

7.3 Shape:
designer's re
occupants a
sanitation.

8 Compon
8.1

8.1.1 Exce
the requirem

8.1.2 Acon

a) In
prody

b) Is g

Generdl

INON

hall be evaluated for both indoor and outdoor use unless marked~For Indoor
Use Only."

hat uses a gas heater shall be marked "For Outdoor Use Only" unless an invest
ents heat and exhaust in a manner that complies with the ‘applicable building co

This Standard is not intended to regulate the shape of the spa or swim
sponsibility to take into account the effect a.'given shape will have on the

pnt Specifications

bt as indicated in 8.1.2, a.component of a product covered by this Standard sha
bnts for that component as indicated in this Section.

nponent is not required to comply with a specific requirement that:

olves a feature or characteristic not required in the application of the com
ct covered by this Standard, or

uperseded by a requirement in this Standard, or

Use Only" or

gation shows
de.

spa. It is the
safety of the

nd that the minimum required level of circulation (See 40.10.2) will be maintained to ensure

[l comply with

bonent in the

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

used

within its established ratings and limitations.

8.1.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

8.1.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

8.1.5 Components shall be suitable for the intended use and installation environment. This suitability
shall assume the following installation parameters.

a) Ou
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b) Overvoltage Category Il as specified in UL 840.

8.1.6 Components not anticipated by the requirements of this Standard, not specifically covered by a
component standard of Component Specifications, Section 8, and which pose a potential risk of electric
shock, fire or casualty hazard shall be additionally investigated. Reference to other product standards is
appropriate where those standards anticipate normal and abnormal use conditions consistent with the
application of this Standard.

8.2 AQuick-connect wire connectors

8.21 chk-connect type wire connectors shall be suitable for the wire srze type (SO|Id or stranded),
conductor material-{coppe i ed, they shall
be rated for the voltage and temperature of the mtended use. They shaII be apphed per the installation
instructions of the wire connector manufacturer.

8.2.2 Quick{connect type wire connectors shall comply with UL 310.
8.3 Terminal blocks

8.3.1 Terminal blocks shall comply with:
a) UL 1059, or
b) UL p0947-7-1, or
c) UL $0947-7-2, or

d) UL p0947-7-3.
8.3.2 The UL 60947-7-x Standards are used.in conjunction with UL 60947-1.

8.3.3 Terminal blocks shall be suitable for the number of conductors per termination, wire size, type
(solid or stranded), conductor material (copper or aluminum), voltage and current of the intended use.

8.4 Wire connectors

8.4.1 Wire ¢onnectors)shall be suitable for the wire size, type (solid or stranded), condyctor material
(copper or aliminum) and the number of conductors terminated. If insulated they shall be syitable for the

voltage and qurrent.of the intended use. They shall be applied per the installation instructions of the wire
connector mgnufacturer.

8.4.2 Wire connectors shall comply with UL 486A-486B or UL 486E.
8.5 Heaters

8.5.1 Heaters shall comply to the latest published editions of ANSI-Z21.56 for natural gas application, or
UL 1261. Heat pumps shall comply with the latest published edition of UL 1995 or UL 60335-2-40, as it
pertains to heat pumps and be evaluated for the application and listed by a laboratory that has been
accredited to the latest published edition of the ISO 17025/IEC 17025 standard.

8.6 Heat pump

8.6.1 A heat pump or water chiller for providing cooled water (may also provide heated water), shall
comply with UL 60335-2-40 4th edition, or UL 1995 5th edition.
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8.6.2 A heat pump using refrigerant to cool the spa water, shall have double wall piping to reduce risk of
spa water entering into refrigerant, and of refrigerant entering into spa water, or shall comply with Section
22, Construction, of UL 60335-2-40, or Clause 26.11 of Section 26, Switches and Controllers, of UL 1995.

8.6.3 Any controls that are part of a heat pump, that are intended for installation where accessible to the
occupant of the Cold Spa, shall comply with Section 47, Available Current Test.

8.6.4 A heat pump or chiller that relies on a water flow sensing device to reduce the risk of fire, shall
comply with the applicable requirements in 40.4.

8.6.5 A heat pump or chiller that uses flammable or Low Global Warming Potential (GWP) refrigerants is
not covered \Vi these =YaT lirements-

9 Frame and Enclosure
9.1 Gener3l

9.1.1 An enclosure shall be provided to house all electrical parts that may-cause a risk df fire, electric
shock, or injUry to persons under any conditions of operation.

9.1.2 A unif shall be formed and assembled so that it will haventhe strength and rigidity [necessary to
resist the ablises to which it is likely to be subjected, without ifcreasing the risk of fire, elegtric shock, or
injury to pefsons due to total or partial collapse with resulting reduction of spacings, |loosening or
displacement of parts, or other serious defects.

9.1.3 Unlegs marked "For Indoor Use Only," a unit.shall be subjected to the simulated rain test described
in 57.4.1. A|switch, circuit breaker, fuseholder; or similar device and any opening assodiated with an
operating hapdle shall be shielded from rain.

9.1.4 The ghielding specified in 9.1.3. shall be formed of material intended for use as an enclosure, as
described in P.2.1 — 9.3.1, and shall not be detachable from the enclosure without the use of {ools.

9.1.5 A seryice door in a spa shall be held in the closed position by a positive means, such as:
a) A Hinged door thatis held closed by a magnetic or mechanical latch;
b) A dliding typedoor; or

¢) A pon:hinged or non-sliding door that is held in place by a magnetic or mechgnical latch or
screws.complying with 10.6. Also see 42.8.

Exception: This requirement does not apply to a service door providing access only to nonelectrical
equipment or to controls that comply with the requirement in 13.6 or 13.8.

9.2 Metal enclosures

9.2.1 The outer enclosure of a unit intended for outdoor use, if of sheet metal, shall not be less than
0.032 inch (0.81 mm) thick if uncoated steel, not less than 0.034 inch (0.86 mm) thick if galvanized steel,
and not less than 0.045 inch (1.14 mm) thick if nonferrous. The enclosure shall also comply with
Resistance to Corrosion, Section 14.

9.2.2 An enclosure of sheet metal, other than that covered in 9.2.1, shall be evaluated with regard to its
size, shape, and thickness, considering the intended use of the complete unit. Sheet steel shall have a
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thickness of not less than 0.026 inch (0.66 mm) if uncoated when measured, or 0.029 inch (0.74 mm) if
galvanized. Nonferrous sheet metal shall have a thickness of not less than 0.036 inch (0.91 mm).

Exception: Any relatively small area or surface that is curved or otherwise reinforced may be thinner than
specified if the construction results in equivalent strength and rigidity.

9.2.3 Cast metal portions of an enclosure shall be no thinner than indicated in Table 9.1.

Table 9.1
Minimum Thicknesses of Enclosure Metal
At small, flat unreinforced surfaces and at
surfaces that are reinforced by curving,
ribbing, or the like (or are otherwise of a shape
or size or both) to provide physical strength, At relatively large unreinforced flat surfaces,
Metal inch (mm) inch (mm)

Die-cast 3/64 (1.2) 5/64 (2.0)

Cast malleableJron 116 (1.6) 3/32 (2.4)

Other cast metgl 3/32 (2.4) 1/8 (3.2)
9.3 Nonmetallic enclosures
9.3.1 Among the factors taken into consideration when“gvaluating the acceptability of § nonmetallic
material, othgr than a polymeric material, when used to.en¢lose grounded metal or live parts gre:

a) Me
b) Reg
¢) Moi
d) Cor

e) Re
condif]

9.3.2 Wood
thick.

thanical strength;

istance to impact;

sture absorptive properties;

hbustibility; and

sistance to distortion at temperatures to which the material may be sub

ons of normal 6r abnormal use.

bn skirting‘material used as a barrier to grounded metal shall be minimum 1/4 i

Exception: W

Dt ot is loss ff el thi : : e :

ected under

nch (6.4 mm)

f the material

complies with the impact test described in 59.1. The test may also be used whenever referee tests for the
integrity of a material are necessary.

9.3.3 A polymeric material used as the enclosure of live parts, or as a barrier in lieu of spacings shall
comply with the applicable requirements in UL 746C, based on the application and, if intended to be
exposed to sunlight, it shall also be investigated for resistance to the ultraviolet light exposure
requirements as specified in UL 746C, except flammability after conditioning is not considered.

9.3.4 The polymeric housing of a component is not considered to be an appliance enclosure unless this
part is the sole insulation (excluding air) between a live part and an external surface of the appliance.

9.3.5 A polymeric material used as a barrier to grounded metal (such as the tub and skirting material)

shall:

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1563 2025.pdf

JANUARY 13, 2025

UL 1563

25

a) Be resistant to impact as specified in the Test for Resistance to Impact, Section 59; and

b) When used outdoors, be resistant to the ultraviolet light exposure requirements as specified in
UL 746C, except that flammability after conditioning is not considered.

Exception No. 1: A polymeric material that is minimum 1/4 inch thick need not be subjected to the Test for
Resistance to Impact.

Exception No. 2: Polymeric spa skirting is not required to comply with the requirements in 9.3.5 when:

a) It is used for aesthetic purposes only and is not relied upon to serve as an enclosure of live
parts, a barrier to grounded metal, or provide protection from elements of outdoor use, such as

wate

provig

b) An
comp

c) All
have

9.36 An a
components
shall be suits
factors taken|

a) Me

b) Re

9.3.7 The g
than the man

9.3.8 A pol
a risk of ele
under norma|
exit from thg
Integrity Test

Exception: §

exposure. Examples include use of polymeric materials with wood backing (or

mate’/lial) where the wood (or other suitable material) serves as the enclosure\or

e the necessary weather and accessibility protection; or

alcove, cowling, shroud, or similar structure is used that completelyencloses
pnents under the spa skirt; or

components such as pumps, blowers, spa controls, interconnecting cords, and
been evaluated for outdoor use and are not accessible to the tub occupant.

cove, cowling, shroud, or similar structure used“under the skirt of a sp
or as a supporting framework shall have a minimum flame rating of HB or HBF
ble for the temperatures to which it is subjectéd.to under conditions of normal u

chanical strength, and

sistance to impact.

olymeric materials specified’in 9.3.3 and 9.3.5, when molded or fabricated by 3
ufacturer of the unit, shall gomply with UL 746D.

meric enclosure,barrier, or similar part enclosing or protecting a component w
ttric shock (as defined in 4.34) and/or injury to persons due to its location or
or abnormaluse, or that may be used as a seat, step, or support structure facili
spa, shallcomply with the applicable structural integrity tests as specified
5, Section)65.

mall parts such as spa side controls or other similar parts that are unlikely to bg

into consideration when evaluating its acceptability include but are not limited tq:

other suitable
the barrier to

5 all electrical

| similar parts

a to support
The material
se. Additional

source other

hich presents
intended use
ating entry or
in Structural

b subjected to

the loading

ffectsanticipatea by the structaral imtegrity tests shatt be subjected to the Test 1

to Impact, Section 59.

9.4 Drainage

9.41

r Resistance

An enclosure shall be constructed so that there will be no reduction in the effectiveness of the

electrical insulation due to breakdown of water connections or shaft seals, flooding onto a mounting
surface or within the outer enclosure, or rupture of a boot, diaphragm, shaft seal, or the like, as determined
in the Water Exposure Test, Section 57.

9.4.2 An enclosure of an outdoor unit containing an electrical component, other than for a motor having a
sealed housing, shall have provision for drainage when there is a knockout or unthreaded opening in the
enclosure, or when there is risk of condensation accumulation.
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9.4.3 The lowest portion of any live part in a hot tub or spa shall be at least 4 inches (102 mm) above the
surface on which the unit will ultimately be installed.

9.4.4 An enclosure shall be provided with means for drainage so that there will be no submersion of
components as determined in the Water Exposure Test, Section 57.

9.5 Mounting pads or holes

9.5.1 Mounting pads or holes for wall mounting of an assembly shall be external to the enclosure unless
the assembly is marked for indoor use only, as indicated in 73.1.

9.5.2 A unitfintended-fot permanet t-connection—shat-be pIUV;dCd withrmeans—formotnting or Suppor’[.
Fittings necegsary for proper mounting, such as brackets, hangers, or the like, shall be furQighed with the
unit.

9.6 Barriers

9.6.1 The enclosure shall reduce the risk of molten metal, burning insulation,flaming particles, or the like
falling on combustible materials, including the surface upon which the unit is“supported.

Exception: A permanently connected unit not intended for mounting-on combustible surfaces|may have an
open bottom If it is marked in accordance with 75.2.2 or 75.3.2, as applicable.

9.6.2 The rgquirementin 9.6.1 necessitates use of a barrierof combustion-resistant material:
a) Under a motor unless:

1) The structural parts of the moter-or of the overall unit provide the equivalgnt of such a
barrier;

2) The protection provided with the motor is such that no burning insulatipn or molten
material falls to the surface that supports the unit when the motor is energized under each
of the following fourfault conditions, applied separately:

i) Main,winding opened;
i) Starting winding opened;

iif) Starting switch short circuited; and

iv) For a permanent-split-capacitor motor, the capacitor short circuited (the short
circuit is to be applied before the motor is energized, and the rotor is o be locked);
or

3) The motor is provided with a thermal motor protector (a protective device that is sensitive
to both temperature and current) that will reduce the risk of the temperature of the motor
windings from becoming more than 125 °C (257 °F) under the maximum load under 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.

b) Under wiring unless it is of the flame-retardant type. Neoprene- or thermoplastic-insulated wires
are considered to be of this type.

9.6.3 The requirement in 9.6.1 necessitates that a switch, transformer, relay, solenoid, or the like be
individually and completely enclosed other than at terminals, unless it can be shown that malfunction of
the component would not result in a risk of fire, or unless there are no openings in the bottom of the
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enclosure. An opening in the bottom of the enclosure shall not be located directly below field- or factory-
made splices or overload or overcurrent protective devices.

9.6.4 The barrier mentioned in 9.6.2 shall be horizontal, shall be located as indicated in Figure 9.1, and
shall not have an area less than that described in the figure. Openings for drainage, ventilation, or the like
may be employed in the barrier, provided such openings would not increase the risk of molten metal,
burning insulation, or the like falling on combustible material.
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Figure 9.1

Location and Extent of Barrier
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A — Region to be shielded by barrier. This shall consist of the entire component if it is not otherwise shielded, and shall consist of the

unshielded portion of a component which is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C —Inclined line that traces out minimum area of barrier. When moving, the line is always:

1) Tangent to the component,

2) 5° 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 that included inside the line of intersection traced out by the

inclined line C and the horizontal plane of the barrier.
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9.6.5 The barrier specified in 9.6.2 shall have a minimum flammability rating of 5VA in accordance with
UL 94.

9.7 Ventilating openings

9.7.1 An opening in an enclosure for ventilation or for the dissipation of heated air shall be provided with
one or more baffles to reduce the risk of emission of flame, molten metal, or burning insulation.

Exception No. 1: An opening in the bottom of the enclosure need not be provided with baffles unless
otherwise required by 9.6.1 — 9.6.4.

ent protective

Exception Ne- 14 O SE SO e HOat-0r—C
omitted if the opening is in a vertical wall and is a maximum of 3/8 inch

device, the paffles may be
(9.5 mm) wide.

c O O c

10 Mechanjical Assembly

10.1 A unif shall be assembled so that it will not be adversely affected\by the vibration|of operation.
Brush caps ghall be tightly threaded or otherwise designed so as not to loosen.

10.2 A switch, a lampholder, an attachment plug receptacle;~a motor attachment plug, or similar
component shall be mounted securely and shall be prevented from*turning.

Exception N¢. 1: The requirement that a switch be prevented from turning may be waived iflall four of the
following corlditions are met.

a) The switch is of a plunger or other type that does not tend to rotate when operated (a toggle
is considered to be subjected to-forces that tend to turn the switch during operation of the

),

b) Mgans of mounting the switch-make it unlikely that operation of the switch will looségn it,
c) The spacings are not reduced below the minimum required values if the switch rotafes, and

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

Exception Np. 2: A lampholder of a type in which the lamp cannot be replaced (such as &g neon pilot or
indicator lamp in which the lamp is sealed in a nonremovable jewel) need not be prevented from turning if
rotation canpot reduce spacings below the minimum acceptable values or adversely| affect water
resistance ofloutdoor units.

10.3 The means for preventing the turning mentioned in 10.2 is to consist of more than friction between
surfaces — for example, a lock washer may be used as means for preventing a small stem-mounted switch
or other device having a single-hole mounting means from turning.

10.4 Each uninsulated live part shall be secured to the base or mounting surface so that it will not turn or
shift in position if such motion may result in a reduction of spacings below the minimum values indicated in
Spacings, Section 26.

10.5 Tin-lead solder shall not be used for the fastening of seams or the assembly of parts.

10.6 Screws that attach a cover, door, or other part that is removed to operate the unit or to install field
wiring shall be retained by at least two full threads into metal.
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Exception: Other materials using other means of securement may be used if determined to serve the
purpose.

10.7 Screws, bolts, and similar fasteners used to secure sheet metal as the outer enclosure of an
outdoor unit shall have a diameter at least 50 % greater than the thickness of the sheet metal but no less
than No. 6.

11 Securement with Adhesives

11.1  An adhesive used for securement that is relied upon to reduce the risk of fire, electric shock, and/or
injury to persons shall comply with the requirements for adhesives in UL 746C.

11.2 The requirement in 11.1 applies to an adhesive used to secure a part that, if loosengd pr dislodged,

is capable of:

a) Engrgizing an accessible dead-metal part;

b) Making a live part that presents a risk of electric shock (as defined in 4:34) accessib

c) Reducing spacings below the minimum values described in Spacings, Section 26;

d) Shaqrt-circuiting live parts; or

e) Bridging live parts to ground, to dead metal, or to a €lass 2 or safety circuit.

12 General[Accessibility Requirements

121

To reduce the risk of unintentional contact>with an uninsulated live part, film-coate

d wire, or a

moving part that may involve a risk of injury, an.opening in the enclosure of a unit shall comply with the
requirements|specified in Table 12.1.

Exception: Alpump or heater need not comply with the requirements in Table 12.1 if it com
accessibility nequirements for such equipment.

Paragraphg, Figures, and Tables for Evaluating the Accessibility of Uninsulated Live H
Coated Wire,; and Moving Parts that May Involve a Risk of Injury to Persons|

Table 12.1

blies with the

Parts, Film-

Enclosure other than that of a
Directly accessible motor Indirectly accessible motor® motar
MDP® < 25/32 inch MD < 3/4 inch MD < 1Tinch
Figure 12.2 Figure 12.3 Figure 12.1
Uninsulated live part MD = 25/32 inch MD 2= 3/4 inch MD = 1 inch
128 12.8 12.8
Figure 12.5 Figure 12.5 Figure 12.5
X =3-5/32 inches X =4 inches X =6-1/16 inches
MD < 3/4 inch MD < 3/4 inch MD < 1inch
Film-coated wire 12.7 12.7 12.7
Figure 12.4 Figure 12.4 Figure 12.4
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Table 12.1 Continued

Enclosure other than that of a

Directly accessible motor Indirectly accessible motor? motor
MD 2 3/4 inch MD 2 3/4 inch MD 2 1 inch
Figure 12.5 Figure 12.5 Figure 12.5

X =4 inches X =4 inches X =6-1/16 inches
MD < 3/4 inch MD < 3/4 inch MD < 1 inch

Eiqure 12 3
Ty

Eigure 12.1

Moving part that may

Eigure 12 4
el

involve a risk df
injury to persofs MD 2= 3/4 inch MD 2 3/4 inch MB'2 1| inch
12.9 12.9 129
Table 12.2 Table 12.2 Table [12.2

NOTE: Sl unitg for values specified in this table are:

@ See 12.5 for an explanation of an indirectly accessible motor.

® MD = See 12|6 for an explanation of a minor dimension of an opening.

3/4inch (19.1 mm)
25/32 inch (19.8 mm)
1inch (25.4 mm)
3-5/32 inches (80 mm)
4 inches (102.mm)
6-1/16 inchés (154 mm)
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Figure 12.1
Articulate Probe with Web Stop
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NOTE: The UL articulate probe without the web stop may be used for openings having a minor dimension less than 3/4 inch
(19.1 mm).
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Figure 12.2
IEC Articulate Probe
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Figure 12.3

Probe for Moving Parts and Uninsulated Live Parts
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Probe for Film-Coated Wire
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Figure 12.5

Opening in Enclosure
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12.2  With regard to the requirement in 14.1, insulated brush caps do not require additional enclosure.

12.3 During the examination of a unit to determine whether it complies with the requirements in 14.1 and
Table 12.1, a part of the enclosure that may be removed, without using a tool, by the user to attach an
accessory, to make an operating adjustment, or for other reasons is to be disregarded.

12.4 The probes illustrated in Figure 12.1 — Figure 12.4 shall be applied to any depth that the opening
will permit and with a force not greater than 1 pound (4.4 N); and shall be rotated or angled before, during,
and after insertion through the opening to any position that is necessary to examine the unit. The probes
illustrated in Figure 12.1 and Figure 12.2 shall be applied in any possible configuration; and, if necessary,

the configuration shall be changed after insertion through the opening.

12.5 Withrg

a) Acq
that c4

b) Lo
contag

12.6  With rg
of the larges
perpendicula

12.7 When |
film-coated w

ference to the requirements in Table 12.1, an indirectly accessible motor is a.fing

essible only by removing a part of the outer enclosure of a unit, such as;a gu
n be removed without using a tool or

ated at such a height or is otherwise guarded or enclosed so that it is u
ted.

ference to the requirements in Table 12.1, the minor dimension of an opening is
t cylindrical probe having a hemispherical tip that’¢can be inserted through
to the plane of the opening with a force no greaterthan 5 pounds (22.2 N).

Table 12.1 specifies a probe to be used to judge the accessibility of an uninsula
re, or a moving part that may involve arisk of injury to persons when inserte

tor that is:

ard or panel,

nlikely to be

the diameter
the opening

ted live part,
d through an

opening in the enclosure of a unit as described in 12.6, the probe shall not contact such a part{or wire.
12.8 When [Table 12.1 does not specify a probe to be used to judge the accessibility of an uninsulated
live part or filj-coated wire, such a part or wire shall not be:
a) Within X inches of the perimeter of an opening in the enclosure of a unit or
b) Within the volume generated by projecting the perimeter X inches normal to its plgne. X equals
five tilmes the minor diménsion of the opening, as illustrated in Figure 12.5, but no less than the
valueg specified in Tablé 12.1.
12.9 When Jlable 12-4<does not specify a probe to be used to judge the accessibility of a mojing part that

may involve &

risk.ofinjury to persons, the distance between the plane of an opening in the e

the moving pTrt shall be at least as specified in Table 12.2.

nclosure and

Table 12.2

Minimum Distance from an Opening to a Moving Part that may Involve a Risk of Injury to Persons

Minor dimension® of opening, Minimum distance from opening to part,
inches (mm) inches (mm)°
3/4 (19.1) 4-1/2 (114.3)
1 (25.4) 6-1/2 (165.1)
1-1/4 (31.8) 7-1/2 (190.5)
1-1/2 (38.1) 12-1/2 (317.5)
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Table 12.2 Continued

Minor dimension?® of opening, Minimum distance from opening to part,
inches (mm) inches (mm)P
1-7/8 (47.6) 15-1/2 (393.7)
2-1/8 (54.0) 17-1/2 (444.5)
See footnote ¢ 30 (762.0)

@ See 12.6 for an explanation of a minor dimension of an opening.
b Between 3/4 and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the table.

¢ More than 2-1/8 inches, but no more than 6 inches (152 mm).

13 Access

13.1  Groun

bility Requirements for Spas

ded metal shall not be accessible to the occupant.

13.2 Any part of a spa that is accessible to the occupant shall be made of nonconductive m

Exception N
ladder or oth
instructions 9§

Exception N
bezels, namg
is isolated frd

13.3 Openi
inch (25.4 m
internal wirin
and shall be

13.4 Groun
occupant, no

Exception N
tub or skirting

. 1: A permanently wired self-contained spa may be €quipped with an acg
er similar metal hardware if provided with the bonding,specified in 18.5 and t
pecified in 77.4.

bplates, drain fittings, skimmers, towel bars,and handholds provided each cond
m all internal wiring and is not grounded orlikely to become grounded.

hgs in the outer enclosure of a spa.are acceptable if the minor dimension does
m) and the accessibility probe.illustrated in Figure 12.1 does not contact a d

Angled and rotated to any-pessible position using any possible configuration.

ded metal shall be spaced not less than 1/16 inch (1.6 mm) from dead metal acq
nmetallic material accessible to the occupant, and the supporting surface of the

. 1: Spacings between grounded metal and the tub or skirting material are not
materiahéomplies with the Dielectric Voltage-Withstand Test, Section 52.

Exception N|
additional ma

hterial.

essible metal
he installation

D. 2: A spa may be provided with small conductive surfaces such as air amd water jets,

ctive surface

not exceed 1
apillary tube,

g, or grounded metal. The probe shall be applied with a maximum force of 1 pound (4.4 N)

essible to the
5pa.

required if the

in 13.4 if the

D, 2 An add/tlonal material may be used in lieu of the spacmgs specified

section, and Internal Barr/ers sect/on requ1rements in UL 746C

Jonsiderations

13.5 A polymeric enclosure that is not accessible to the occupant but that contains parts that may
present a risk of electric shock shall, in addition to complying with 9.3.3, be spaced not less than 1/16 inch

(1.6 mm) from:
a) Grounded metal;
b) Dead metal and nonmetallic materials accessible to the occupant; and

c¢) The supporting surface of the spa.

Exception No. 1: Spacings between the enclosure and the tub or skirting material are not required if the
tub or skirting material complies with the Dielectric Voltage-Withstand Test, Section 52.
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Exception No. 2: An additional material may be used in lieu of the spacings specified in 12.5 if the
additional material complies with the ENCLOSURES — General section, Material Property Considerations
section, and Internal Barriers section requirements in UL 746C.

13.6 A polymeric enclosure containing parts that may present a risk of electric shock may be accessible

to the occupa

nt if, in addition to complying with the requirements in 9.3.3:

a) The enclosure complies with the Material Property Considerations section in UL 746C, and live
parts are spaced not less than 1/2 inch (12.7 mm) from the inside surface of the enclosure; or

b) The enclosure and one additional material that is positioned between the live parts and the
inside surface of the enclosure comply with the Material Property Considerations section in UL

746C;

or

c) A [naterial that complies with the Material Property Considerations section"in

positig
spacir

d) The
enclog

Also see 33.1
Exception: In
shock is locq
dielectric voll]

746C.

13.7 Foral

ned between the live parts and the inside surface of the enclosure with aminir]
g between the live parts and the material; or

enclosure complies with the Material Property Considerations section in UL 7
ure is not less than 3/16 inch (4.8 mm) thick.

5.
addition to complying with the requirements in 9.3.3, if the part that presents a 1

ted in a Class 2 circuit, the insulating matérial or enclosure need only con
nge-withstand strength requirements in the(Material Property Considerations 3

ght-emitting diode connected to a Class 2 circuit, the lens of the LED need not

to the dielectric voltage-withstand strength requirements in the Material Property Consideratiq

UL 746C is
num 1/2 inch

46C and the

sk of electric
ply with the
bection in UL

be evaluated
ns section in

er if:

ies with the

er wiring by
requirements

UL 746C, proyided the lens is at least 1/16.inch thick.

13.8 Alive part or circuit may be accessible to the occupant or in contact with circulating wat
a) The live part is located in the secondary circuit of a transformer that comp
requirgments in Transformers and Power Supplies, Section 32; and
b) Thq live part dees not present a risk of electric shock; and
c) The live—part is separated from other live parts, grounded metal, and all oth
permgnent.spacings or by two independent materials that comply with the insulation
Specif ed-in the Material Property Considerations sectionin UL 746C

13.9 A luminaire in a spa that is serviceable from the front shall require the use of a tool for servicing.
There shall be no contact between the metal of the luminaire and any metal:

a) Accessible to the occupant or

b) In contact with circulating water.

14 Resistance to Corrosion

14.1

means, if the corrosion of such a part would be likely to result in a risk condition.
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Exception No. 1: In certain instances where the oxidation of iron or steel due to the exposure of the metal
to air and moisture is not likely to be appreciable — thickness of metal and temperature also being factors —
surfaces of sheet steel and cast iron parts within an enclosure may not be required to be corrosion
resistant.

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

Exception No. 3: Stainless steel requires no corrosion-resistant coating.

14.2 Copper or copper alloy with zinc content not in excess of 15 % may be used without additional
resistance tocorrosion-

14.3 Alumipum may be used without additional resistance to corrosion.

14.4 When| during intended use, sheet and plate aluminum comes into contact\with tub water, it shall be
of an alloy of|the 5000 series as given in ASTM B209/B209M; and cast aluminum-shall be ong of the alloys
shown in Tahle 14.1 or an alloy that has been found to have equivalent resistance to corrosiop.

Table 14.1
Aluminum Alloys
Sang-cast Permanent-mold cast Die cast Machined barand rod stock
GHA GM70B G8A 5052
G10A GS42A S5C 5056
GM70B S5A S12A 5456
GS2A S5B S12B 6(61
SpA SG70A SG100A 60p3Z
SpB SG70B SG100B
SG70A
ZGp1B

14.5 Metal hall not besused in combinations to cause galvanic action.

14.6 A shept steélenclosure and other parts, including hinges and other attachments, of an indoor or
outdoor unit $hall.be resistant to corrosion as described in 14.7 — 14.9.

14.7 An enclosure that is entirely within the outer enclosure of a unit, and that contains any live part other
than a motor, shall be resistant to corrosion as specified in 14.8(c), with or without the added epoxy or
paint coating or other means described in 14.8 and 14.9.

14.8 The outer sheet steel enclosure shall be resistant to corrosion by one of the following:

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating designation G90 in ASTM A
653/653M, with not less than 40 % of the zinc on any side, based on the minimum single spot test
requirement in this ASTM designation. The weight of the zinc coating may be determined by any
method; however, in case of question, the weight of coating shall be established in accordance with
the Standard Test Method for Weight (Mass) of Coating on Iron and Steel Articles with Zinc or Zinc-
Alloy Coatings, ASTM A90/A90M.
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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 (0.015 mm) on each side, with a
minimum thickness of 0.00054 inch (0.014 mm). The thickness of the coating shall be established

by the

test method described in 65.1. An annealed coating shall also comply with 14.9.

c¢) A coating conforming with subitem (1) or (2) and with one coat of an organic finish of the epoxy
or alkyd-resin type or other outdoor paint on both surfaces. The acceptability of the paint may be
determined by consideration of its composition or by corrosion tests if these are considered
necessary.

d) Ad
of the

e) Ad

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

with ty
establ

f) Ofth
accep
surfac
COIToS
systen
sulfidg

14.9 An anr

1) Hot-dipped, mill-galvanized sheet steel conforming with the coating design

ation G60 or

A6O in Table I of ASTM A653/A653M W|th not Iess than 40 % of the zinc on any side, based

coating may be determlned by any method; however, in case of questlon i
coating shall be established in accordance with the test method of ASTIM A
annealed coating shall also comply with 14.9.

2) A zinc coating, other than that provided on hot-dipped, mill-galvanized
uniformly applied to an average thickness of not less than 0.00041 inch (0.013

t of the zinc
e weight of
DO/A90M. An

sheet steel,
mm) on each

surface with a minimum thickness of 0.00034 inch (0.009 mm)."The thickness ¢f the coating

shall be established by the test indicated in 65.1. An annealed coating shall
with 14.9.

admium coating not less than 0.0010 inch (0.025 mm) thick on both surfaces. T
coating shall be established by the test indicated.in 65.1.

admium coating not less than 0.00075 inch.(0.019 mm) thick on both surfaces

vo coats of outdoor paint on both surfaces. The thickness of the cadmium cog
shed by the test indicated in 65.1, and the paint shall be as described in 14.8(c),

er finishes, including paints; spécial metallic finishes, and combinations of the
ed when comparative test\with galvanized sheet steel (without annealing, wig
e treatment) conforming_with 14.8(a) indicate that they provide equivalent
ion. Among the factors that are taken into consideration when evaluating
s are exposure to\salt spray, moist carbon dioxide-sulfur dioxide mixtures, mg
-air mixtures, uftraviolet light, and water. Organic coatings shall comply with UL

ealed coating on sheet steel that is bent or similarly formed or extruded, or rolle

coating. When flaking or cracking of the zinc coating at the outside radius of the bent or form

holes after afnealing.shall be additionally painted in the affected areas if the process dama3
visible at 25 ;}c’)wer magnification, the zinc coating is considered to be damaged. Sheared or ¢

also comply

he thickness

ith one coat
oth surfaces
ting shall be

two may be
ing, or other
esistance to
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ist hydrogen
1332.

d at edges of
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ed section is
ut edges and
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s are not required to be additionally treated.

15 Power Supply Connections — Cord-Connected and Convertible Spas and Equipment

Assemblies

15.1 A non-detachable power supply cord shall be provided on each cord-connected and convertible spa
and equipment assembly. When intended for indoor use, or both indoor and outdoor use, the electrical
rating shall not exceed 20 amperes. When marked "For outdoor use only," this restriction does not apply.

15.2 The cord mentioned in 15.1 shall be Type SW, SEW, SOW, STW, SEOW, SEOOW, STOW,
STOOW or equivalent hard-service cord that is suitable for use outdoors and immersion in water with a
grounding conductor and an attachment plug. The cord shall extend at least 10 feet (3.05 m) but no more
than 15 feet (4.57 m) from the product to the face of the attachment plug. The ampacity of the cord shall be
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no less than the current rating of the product, and the ampacity of the attachment plug shall be no less
than 125 % of the current rating of the product.

15.3 The flexible cord specified in 15.2 shall comply with UL 817 and UL 62. Attachment plugs shall
comply with UL 498.

15.4 A 2-prong grounding adapter with a pigtail shall not be provided.

15.5 The cord specified in 15.1 is not prohibited from being marked on its exterior surface with the words
"Water Resistant."

15 6 Th PUH <l 'y balll Ll 4l 4l H + <l 4 H 4l <l
. e g Uuridnm IU CUTTUUCLUTN ol'idil VT TTU olTialiTl rialm uic UITUUuIt CUTTUULLUTS TIT U1 UUTU.

15.7 Each ¢ord-connected and convertible spa shall be provided with an entry for the.power supply cord
that is smooth and free from sharp edges.

15.8 Strain|relief shall be provided to reduce the risk of mechanical stress~on a flexible cord being
transmitted tp terminals, splices, or interior wiring. The strain relief shall betindependent of gny necessary
water seals gnd shall not cause flexing or movement of any such seals.

15.9 Unles$ the clamp is insulated from the cord, a metal strainrelief clamp shall not be agcessible and
shall not maKe contact with an accessible dead metal part.

15.10 Means shall be provided to prevent the flexible cord from being pushed back thrqugh the cord
entry hole if|such displacement is likely to subject the~Cord to mechanical damage or to ¢xpose it to a
temperature |higher than that for which it is rated, or is likely to reduce spacings to less than the values
specified in §pacings, Section 26.

1511 A knlt in the supply cord shall not be‘used to provide strain relief.
16 Power $upply Connections — Permanently Connected Units
16.1 Geneial

16.1.1 A unit intended for.permanent connection shall be provided with wiring terminals off leads for the
connection of power sdpply conductors.

16.1.2 A unit rated for use at more than one supply voltage shall have provision for opefating at each
supply voltagewwithout disrupting internal wiring or connections other than in the area of field wiring.

16.1.3 Sheet metal to which a wiring system is to be connected in the field shall be no less than 0.032
inch (0.81 mm) thick steel if uncoated, no less than 0.034 inch (0.86 mm) thick steel if galvanized, or no
less than 0.045 inch (1.14 mm) thick if nonferrous.

16.1.4 A unit intended for installation outdoors shall have a provision for threaded connection of rigid
metal conduit unless the hole for the connection to the conduit is located wholly below the lowest
uninsulated live part within the enclosure, the location reduces drainage into the conduit, or the connection
is within an overall enclosure.

16.1.5 When the threads are tapped all the way through a hole in an enclosure wall, or if an equivalent
construction is employed, there shall be no less than 3-1/2 nor more than 5 threads in the metal, and the
construction shall be such that a conduit bushing can be attached. When the threads are not tapped all the
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way through a hole in an enclosure wall, conduit hub, or the like, there shall be no fewer than 5 full threads
in the metal, and there shall be a smooth, well-rounded inlet hole for the conductors that:

a) Provides protection to the conductors equivalent to that provided by a standard conduit bushing
and

b) Has an internal diameter approximately the same as that of the corresponding trade size of rigid
conduit.

16.1.6 The threads of a threaded conduit entry shall comply with ASME B1.20.1, CSA C22.2 No. 0.5, or
NMX-H-146-1996-SCFI.

16.1.7 A metal conduit hub in an enclosure shall be threaded and shall have a wall thickness before
threading no|less than that of the corresponding trade size of conduit. A conduit hub)thgt is not cast
integrally with an enclosure shall not depend upon friction alone to restrain its turning and’ sh3gll be capable
of withstanding the specified torque applied to a short length of rigid conduit threaded’into the hub in the
intended manner, without turning in the enclosure and without stripping of any.threads. The enclosure
shall be rigidly mounted or supported. For the 3/4 inch and smaller trade sizes, the applied torque shall be
800 pound-inthes (90.4 N-m); for the 1, 1-1/4, and 1-1/2 inch trade sizes,~}000 pound-inchgs (113 N-m);
and for the 2 inch and larger trade sizes, 1600 pound-inches (181 N-m).

16.1.8 A knockout for connection of a field wiring system/to. a field wiring compgrtment shall
accommodaté conduit of the trade size shown in Table 16.1.

Table 16.4
Trade Size of Conduit, Inches
Wife size, Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 12 12
12 (3.3) 12 12 12 3/4 3/4
10 (5.3) 12 12 12 3/4 3/4
8 (8.4) 3/4 3/4 3/4 1 1
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21,2) 1 1 1-1/4 1-1/4 1-1/2
3 (26)7) 1 1-1/4 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
1/0 (53.5) 1-1/4 1-1/2 2 2 2-1/2
NOTE: This table is based on the assumption that all conductors will be of the same size and there will be no more than six
conductors in the conduit. When more than six conductors will be involved or if all of them are not of the same size, the internal
cross-sectional area of the smallest conduit that may be used is determined by multiplying 2.5 times the total cross-sectional area
of the wires, based on the cross-sectional area of Type THW wire.

16.2 Terminal compartments for supply connection
16.2.1 A unit intended for permanent connection shall be provided with a terminal compartment intended

for connection of a supply raceway. Additionally, the terminal compartment shall be attached to the unit so
as to be restricted from turning with regard to the unit.
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Exception: A terminal compartment provided as an integral part of a motor that complies with the
requirements for field wiring in UL 1004-1, and is marked "Acceptable for Field Wiring" or the equivalent, is
considered to comply with the requirements for a terminal compartment specified in 16.2.1 - 16.2.3.

16.2.2 A terminal compartment in which connections to the power supply circuit will be made shall be so
located that, after the unit has been installed as intended, such connections will be accessible for
inspection.

16.2.3 A terminal compartment shall be complete and shall enclose all field wiring terminals and all
splices to be made in the field unless the enclosure is otherwise complete; that is, unless all sides and a
complete bottom are provided when the unit is shipped from the factory. No ventilating opening shall be
located in the_terminal compartment

Exception: Al ventilated terminal compartment may be used in a ventilated motor frame-having ventilating
openings if there is no opening directly beneath any live part in the compartment.

16.2.4 The|compartment mentioned in 16.2.2 shall be located so that when-conduit copnections are
being made, |internal wiring and electrical components shall not be exposed.to mechanical alyuse or strain.
Electrical components shall not be mounted on the terminal compartment cover unless|a method of
disconnectioh is provided for each component.

16.2.5 A wiring compartment shall be free of any sharp edgesburr, fin, moving part, or theg like that can
damage the gonductor insulation.

16.2.6 A urjit with a terminal box or wiring compartment'that attains a temperature exceeding:

a) 60°C (140 °F) for a unit rated 100 amperes‘or less or

5

\‘
w
o

b) 75°C (167 °F) for a unit rated more than 100 amperes shall be marked as specified i
16.3 Wiring terminals and leads

16.3.1 The|wiring terminals specified in 16.1.1 shall be rated for the connection of condugctors sized in
accordance ith Table 16.2 or/fable 16.3.

Supply|Wire Sizes (Copper) and Overcu;rrztr)lltelgrsc;tzection for Permanently-Connected Units
Anppere‘rating of the unit Supply wire type and size® OMercurrent
More than To B0 °C Copper, AWG 75 °C Copper, AWG protection, amperes®

0 12 14 14 15

12 16 12 12 20

16 20 10 10 25

20 24 10 10 30

24 28 8 10 35

28 32 8 8 40

32 36 6 8 45

36 40 6 8 50

40 48 4 6 60

Table 16.2 Continued on Next Page
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Table 16.2 Continued

Ampere rating of the unit Supply wire type and size?® Overcurrent
More than To 60 °C Copper, AWG 75 °C Copper, AWG protection, amperes®

48 56 4 4 70

56 64 3 4 80

64 68 3 4 90

68 72 2 3 90

72 76 2 3 100

76 80 1 3 100

80 88 1 2 110

88 92 1/0 2 125

92 100 1/0 1 125
@ Wire sizes arg predicated on units intended for continuous duty based on Table 310-16 of NFPA 70 (usirg 60 °C ampacities for
circuits rated 1Q0 amperes or less and 75 °C ampacities for circuits rated more than 100 amperes,
b Assumed branich circuit overcurrent protection.

Supply Wire Sizes (Aluminum) and OvercI??eﬁtﬁﬁ:tection for Permanently-Connected Units
Ampere rating of the unit Supply wire'type and size® Overcurrent
More thdn To 60 °C aluminum,”AWG | 75 °C aluminum, AWG | protection, amperesb
0 12 12 12 15
12 16 10 10 20
16 20 10 10 25
20 24 8 8 30
24 28 6 8 35
28 32 6 8 40
32 36 4 6 45
36 40 4 6 50
40 48 3 4 60
48 56 2 3 70
56 64 1 2 80
64 68 1 2 90
68 72 1/0 2 90
72 76 1/0 1 100
76 80 1/0 1 100
80 88 2/0 1/0 110
88 92 2/0 1/0 125
92 100 3/0 2/0 125
@ Wire sizes are predicated on units intended for continuous duty based on Table 310-16 of NFPA 70, using 60 °C ampacities for
circuits rated 100 amperes or less and 75 °C ampacities for circuits rated more than 100 amperes.
® Assumed branch circuit overcurrent protection.

16.3.2 Unless marked for use only with wire rated 75 °C (167 °F), the size of the conductors is to be
based upon wire rated for 60 °C (140 °F) temperature for circuits rated 100 amperes or less; and 75 °C for
circuits rated more than 100 amperes.
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16.3.3 A field wiring terminal shall be rated for use with copper conductors only, aluminum conductors
only, or with copper or aluminum conductors, and shall be marked as indicated in 74.1.

16.3.4 Wire-bending space at field wiring terminals shall be as specified in Table 16.4.

Exception: A terminal compartment provided as an integral part of a motor that complies with the
requirements for field wiring in UL 1004-1, and is marked "Acceptable for Field Wiring" or the equivalent, is
considered to comply.

Table 16.4
Minimum Wire-Bending Space
Wire size, Minimum wire-bending space from.termipal to wall,
AWG (mm?) inch (mm)
141+10 (2.1)-(5.3) Not specified

B (8.4) 1-1/2 (38.1)
J (13.3) 2 (50.8)
1 (21.2) 3 (76.2)
B (26.7) 3 (76.2)
p (33.6) 3-112 (88.9)
( (42.4) 4-1/2 (114.3)
10 (53.5) 5 (1R7)
0 (67.4) 6 (1p2)

@ Minimum wirg¢-bending space is based on Table 312.6(B) in NFPA 70.

16.3.5 A wfring terminal shall be provided‘with pressure wire connectors, bolted or held by a machine
screw.

Exception: A wire-binding screw may be used at a terminal intended to accommodate a [10 AWG (5.3
mm?) or smajler conductor if upturried lugs or the equivalent are provided to hold the wire in dosition.

16.3.6 Whgn a wire-binding screw or a pressure wire connector is used as a terminating device for
aluminum wire, it shall_be rated for use with aluminum under the conditions involved [for example,
temperature,| heating, and cycling).

16.3.7 A wire-binding screw shall thread into metal.

16.3.8 A wire-binding screw at a wiring terminal shall not be smaller than No. 10 (4.8 mm diameter).

Exception: A No. 8 (4.22 mm diameter) screw may be used at a terminal intended only for the connection
of a 14 AWG (2.1 mm?) conductor, and a No. 6 (3.5 mm diameter) screw may be used for the connection
ofa 16 AWG (1.3 mm?) or 18 AWG (0.82 mm?) conductor in a control circuit.

16.3.9 A 14 AWG (2.1 mm?) wire is the smallest conductor that may be used for branch circuit wiring,
and thus is the smallest conductor that may be anticipated at a terminal for connection of a power supply
wire.

16.3.10 A terminal plate tapped for a wire-binding screw shall be of metal no less than 0.030 inch

(0.76 mm) thick. There shall be no fewer than two full threads in the metal, which may be extruded if
necessary to provide the threads.
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16.3.11 A unit intended for connection to a grounded power supply conductor and employing a
lampholder of the Edison screw shell type or a single pole switch or control shall have one terminal or lead
intended for connection of the grounded conductor supply circuit. The terminal or lead intended for such
use shall be the one connected to screw shells of lampholders and shall not be the one connected to a
single pole switch or control.

16.3.12 A terminal for connection of a grounded power supply conductor shall be of, or plated with, metal
that is substantially white in color and shall be readily distinguishable from the other terminals; or proper
identification of the terminal for the connection of the grounded conductor shall be clearly shown in some

other manner, such as on an attached wiring diagram.

16.3.13 Al
gray color a

16.3.14 Thsg
wiring that is

16.3.15 Thdg
or more if the

16.3.16 Thg
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lead is intended for field connection to an external circuit.
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Exception: 18 AWG leads may be provided for connection to 14 or 12 AWG (2.1 or 3.3
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Table 17.1
Minimum Size of Equipment Grounding Conductor
Rating of branch circuit protective device, amperes Copper wire, AWG

15 14

20 12

30 10

40 10

60 10
100 8
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17.2 The grounding conductor of the power supply cord of a cord-connected (not convertible) unit shall
be terminated by a screw that is not used for any purpose other than for servicing of the supply cord. The
grounding screw shall thread into metal within the terminal compartment using at least two full threads and
shall employ a lockwasher or similar device.

17.3 For a cord-connected or convertible unit, the grounding conductor in the cord shall be sized in
accordance with 15.2 and 15.6.

17.4 A lead intended for connection to an equipment grounding conductor shall have a free length of not
less than 6 inches (152 mm).

Lctor shall be
b field wiring

17.5 The suHace-of-an-insulatedlead-intended-to-connect-an-eguipment-grounding-conc
green with ¢r without one or more yellow stripes. No other lead that is located in‘th
compartment and that is visible to the installer shall be so identified.

17.6 The pressure wire connector intended to terminate the equipment groufnding condlictor shall be
plainly markgd "G," "GR," "Ground," or "Grounding."

17.7 The gfounding symbol illustrated in Figure 17.1 (IEC Publication.60417, Symbol No. $019) may be
used for the purpose specified in 17.2 and shall be marked adjacent tothe terminal or on a wiring diagram
provided on the unit.

Figure 17.1
Grounding Symbol

17.8 A convertible unit shall have separate grounding terminations identified and sized to correspond
with each electrical rating. Instructions for converting from cord to permanent grounding shall be provided
in the terminal compartment.

Exception: A single grounding termination may be provided if suitable for both electrical ratings.

17.9 Sheet metal screws shall not be used for the termination of equipment grounding or bonding
conductors.
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18 Bonding
18.1 For other than those items specified in Exception Nos. 1 and 2 to 13.2 and 18.2, the metal

enclosure of each electrical component and all accessible metal that could become energized in the event
of a fault shall be bonded to the equipment grounding specified in Grounding, Section 17. Bonding shall be
by conductive metal-to-metal mounting or by bonding conductors as specified in 18.2 or 18.3. The metal-
to-metal connection shall be made by bolting, brazing, or welding. Metal screws may be used for a metal-
to-metal bonding connection if retained by at least two full threads. All bonding connections shall penetrate
paint and other nonconductive coatings.

Exception: Double-insulated pumps and blowers are not required to be bonded to the equipment

grounding co

ductor.
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18.8 Sheet metal screws shall not be used for the termination of equipment grounding or bonding

conductors.

19 Leakage Current Collectors

19.1

When a water heater in a unit is not provided with a grounded metal enclosure, a leakage current

collector shall be provided in the water-circulating system between the points of pickup of water from the
tub or spa and the inlet to any electrical component, and another between the point of return of the water
to the tub or spa and any electrical component. The installation of the collectors shall be such that all water
entering and leaving the tub flows through the two collectors.

Exception: Other construction features or protective devices may be used if determined by the Leakage
Current Test in Water, Section 58, to limit the available leakage current in the water-circulating system.
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19.2 A leakage current collector shall be made of an unplated metal such as brass, stainless steel, or
other equally corrosion-resistant metal that is intended to resist galvanic action in accordance with 14.4.
Galvanized metal pipe is not considered to be sufficiently corrosion-resistant for use as a current collector.
When copper alloy is used, it shall be comprised of not more than 15 % zinc. A circular leakage current
collector shall have a minimum length of five times its own inside diameter.

Exception: Leakage current collectors of other types or forms may be used if the collectors are found to
limit the available leakage current in the water-circulating system when subjected to the Leakage Current
Test in Water, Section 58.

19.3 A leakage current collector, if provided, and all other grounded metal in the water circulating system
shall be isolated by nonconductive pipe for at least:

a) Twglve inches (305 mm) from the nearest opening to the tub if 2-inch (50.8-mt), o1 smaller inner
diameter pipe is used or

b) Twenty-seven inches (686 mm) from the nearest opening to the tub if pipe larger than 2 inches in
diameter is used.

19.4 A leakage current collector shall be permanently factory installed on the unit and bonded as
described in [18.3.

20 Live Pafts
20.1 A current-carrying part shall be of silver, copper, a gopper alloy, or equivalent material.

20.2 Platediron or steel may be used for a currentsearrying part:
a) Whose temperature during intended operation is more than 100 °C (212 °F);
b) Within a motor or associated governor; or

c) WHen it is in accordance with-8.1.1.

Plain (unplated) iron or steel Shall not be used. The foregoing restrictions do not apply to gtainless steel
and other cofrosion-resistant alloys.

21 Wiring

21.1 Geneial

2111 All wiring shall be within an enclosure as specified in Frame and Enclosure, Section 9, or within a
raceway such as flexible or rigid conduit, electrical metallic tubing, or the equivalent.

Exception No. 1: For other than a safety circuit, wiring that complies with the requirements in 13.8 is
exempt from this requirement if the wiring is prevented from contacting grounded metal, live parts, and all
other wiring as specified in Spacings, Section 26.

Exception No. 2: Wiring between component enclosures that complies with the requirements specified in
21.3.1 and 21.3.3 is exempt from this requirement.

Exception No. 3: Wiring on the secondary of a Class 2 transformer that complies with the requirements in
Transformers and Power Supplies, Section 32, is exempt from this requirement if the wiring is prevented
from contacting grounded metal, live parts, and all other wiring as specified in Spacings, Section 26.
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21.1.2 Wires and cords shall be rated for the temperature and voltage to which they will be subjected in
intended use.

21.1.3 Internal wiring shall comply with UL 66; UL 44; UL 83; or UL 758.

21.1.4 Wiring for components mounted on the cover of a field wiring compartment shall use stranded
conductors.

21.1.5 Wires within an enclosure, compartment, raceway, or the like shall be located or protected to
reduce the risk of contact with any sharp edge, burr, fin, moving part, or the like that may abrade the

insulation on conductors or otherwise damage the wiring.

21.1.6 The
strands of wir
parts. This
eyelets; by s@

21.2 Splice

21.21
contact.

Asp

2122 Asp
spacings bety

21.2.3 Each

as specified if Frame and Enclosure, Section 9.

Exception: C
21.3.5 need n

21.2.4 Term

or controls that are in contact with:thie tub water or within reach of an occupant of the tub.

2125 Ano
the wire-bind
barrier may b

5 and connections

means of connecting stranded internal wiring to a wire-binding screw shall be'su
e will not contact other live parts not always of the same polarity as the wire'an
ay be accomplished by use of pressure terminal connectors, soldering lugs
Idering all strands of the wire together; or by equivalent means.

ice or connection shall be made mechanically secure and(shall provide continuit

ice shall be provided with insulation equivalent texthat on the spliced wires if pg
veen the splice and uninsulated metal parts is hot maintained.

splice, each connector, and each terminal connection shall be located within

bnnectors that are located undérthe skirt of a spa and that comply with the req
ot comply with this requirement.

inals or leads shall not'be provided for field connection of circuits intended to su
ben-end space lug shall not be used unless means are provided to hold the lug i

ng screw.or nut becomes slightly loose. Upturned ends on the tang of the lug
e used to hold the lug in place.

21.2.6 An
interconnecti

Eluminum conductor, insulated or uninsulated, used as internal wiring,

method that is intended to be used for the combination of metals involved at the connection p

ch that loose

0 dead metal

, or crimped

y of electrical

rmanence of

an enclosure

juirements in

pply sensors

N place when
br a retaining

such as for

achend by a

oint.

21.2.7 With reference to 21.2.6, a wire-binding screw or a pressure wire connector used as a terminating
device shall be intended for use with aluminum under the intended operating conditions such as

temperature,

heat cycling, vibration, and the like.

21.3 Wiring between component enclosures

21.31

Wiring between component enclosures may be in Type SW or STW flexible cord or the

equivalent. When used where protected under the skirt of a spa, the cord may be Type SJ, SJT, or the

equivalent.
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21.3.2 Cords used for interconnection between equipment enclosures shall comply with UL 817, and UL

62.

21.3.3 Strain-relief complying with 15.8 — 15.11 shall be provided where a cord enters a component

enclosure.

Exception: Strain-relief is not required when the cord is:

a) Located entirely under the skirt of a spa,

b) Mounted to prevent movement that could transmit strain to a connection, and

c)Lo
21.3.4  Wiri

21.3.5 Wiri
servicing ma

a)Th

b) Th
curre

c) Th
26;

d) Liv

e) Th

Exception: T
safety functid

21.3.6 Afle

in 21.3.5, m
insulated cor

22 Heating

221 Ahea

ated wriere It IS not likely 1o be rnovea auring user Servicing.

ng that is located entirely under the skirt of a spa and that is not likely,to be movs
y be provided with an insulated plug-connector combination when:

b plug-connector combination is suitable for the voltage and.temperature involve,

b contacts do not exceed a 30 °C (86 °F) temperature.rise when carrying the ma
ht;

b contact-to-contact spacing complies with the requirements specified in Spag

B parts are not accessible when the connection is broken; and

b circuit involved is not a safety circuit.

he circuit involved may be @;Safety circuit when opening of the circuit does 1
n.

xible cord, when used*as the wiring for an insulated plug-connector combinatio
by have the cord\jacket removed for a short distance when needed to permi
ductors into the-connector body.

Elements

ing'element shall be securely supported.

ng between component enclosures shall not contact metal that is accessibleto the occupant.

d during user

d;

ximum circuit

ings, Section

ot defeat the

h as specified
t entry of the

22.2

In determining compliance with 22.1, consideration is to be given to sagging, loosening, and other

adverse conditions of the element resulting from continuous heating or flexing of the element supports or
related wiring due to alternate heating and cooling.

22.3 A sheathed heating element shall comply with the requirements in UL 1030.

22.4 The current through each heating element shall not exceed 48 amperes.

23 Separation of Circuits

23.1

Unless segregated, routed, or secured to provide permanent spacings as specified in Spacings,

Section 26, each conductor shall be insulated for the highest potential involved with regard to:
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a) Uninsulated live parts,

b) Accessible metal,

c) Gro

unded metal,

d) Circuits accessible to the occupant or in contact with circulating water, and

e) Oth

er insulated conductors including safety circuits and Class 2 circuits.

Exception: Insulation or spacing between two parts is not required if short circuiting the two parts does not

result in:

a) Ari

b) The

5k of fire, electric shock, or injury to persons or

impairment of a required safety function.

24 Electrical Insulation

24 1
part shall be
temperatures
will have meg

An instilating washer, bushing, or other integral part and a base or support for the mou

of a moisture-resistant insulating material that will not be adversely affe
to which it is likely to be subjected during use. A molded part shall be so cons
hanical strength and rigidity to withstand the stresses.of use.

24.2 Materials such as mica, some molded compounds, andycertain refractory materials ma

the sole supg
general use

materials, or
will be reduce

24.3 When
given to its m
which it will
performance
aging in acco

24.4 Thepdg

24.5 Inthe
be so tight as

ort of a live part. Some other materials such,as magnesium oxide that are not
may be used if such materials are used\.in conjunction with other approprig
f so located or guarded that the risk ofimechanical damage and the absorptio
d.

nting of a live
cted by the
ructed that it

y be used as
intended for
te insulating
n of moisture

it is necessary to investigate, a“material to determine acceptability, considergtion shall be

echanical strength, dielectri¢_properties, insulation resistance, heat resistance, {
be enclosed or guarded) and to any other features that may have a be
of the material during use. All of these factors shall be considered with rega
rdance with the requirements in UL 746C.

lymeric materials specified in 24.3 shall comply with UL 746D, as specified in 9.1

mounting.or supporting of small fragile insulating parts, screws, or other fasten
to cause cracking or breaking of the part with expansion and contraction.

he degree to
aring on the
rd to thermal

.7.

ngs shall not

25 Printed-Wiring Boards

25.1

A printed-wiring board shall comply with the requirements in UL 796.

25.2 A printed-wiring board shall be rated a minimum of V-2 as specified in UL 94.

25.3 A printed-wiring board assembly containing safety circuitry shall be provided with a conformal
coating that complies with the requirements for a conformal coating in UL 746C. When a safety circuit
derives its power from additional circuitry located on a separate printed-wiring board, then the additional
printed-wiring board is required to have a conformal coating so as not to jeopardize the reliability of the
safety circuit.

Exception No. 1: A conformal coating is not required to be provided when the printed-wiring board is used
in a controlled environment.
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Exception No. 2: A protective coating may be used in lieu of a conformal coating when the protective
coating is tested on the printed-wiring board and complies with the requirements specified in UL 746C.

Exception No. 3: A conformal coating is not required to be provided when the printed-wiring board has
construction features determined by investigation to provide equivalent protection.

25.4 A printed-wiring board shall comply with the requirements for the direct support of current-carrying
parts specified in UL 796.

Exception: A printed-wiring board containing only Class 2 circuits is exempt from this requirement if the
circuits are not subsequently used as a safety circuit or where accessible to the occupant or in contact with

tor.

circulating w.

255 Thes
and the mou
on the comp
servicing, wil

electric shock.

26 Spacings

26.1 Gene

26.1.1 Spa

complies with the spacing requirements specified in the,c6mponent standard.

26.1.2 Al U
of opposite
involved.

26.2 Field wiring terminals

26.2.1 Thrg

a) Fig

b) Fi¢ld wiring:derminals and accessible metal, grounded metal, the enclosure,

unins|

nting of the printed wiring assembly itself shall be such that any forces that mig
onents or board during assembly, shipping, or handling of the equipment, or
not displace the components or deflect the board to the extent as’to produce 4

al

cings in this Standard do not apply to the internal spacings of a component if th

ninsulated live parts connected to different circuits shall be considered as thol
bolarity. Opposite polarity spacings shall be required on the basis of the hi

ugh air and over surface spacings shall not be less than 1/4 inch (6.4 mm) betw

Id wiring terminals of opposite polarity and

Lilated live parts.

Exception: S

pcuring of electrical components to a printed-wiring board to form a printed '‘Wifing assembly

ht be exerted
during use or
risk of fire or

e component

gh they were
ghest voltage

1%

and all other

acings for field wiring terminals are not specified for Class 2 circuits that are no

a) Safety circuits or

b) Circuits accessible to the spa occupant or in contact with the spa water.

26.3 Spaci
26.3.1

26.3.1.1
a)Un

b) Un
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ngs at other than field wiring terminals or on printed wiring boards

Line voltage parts

insulated live parts of opposite polarity and

insulated live parts and accessible metal, grounded metal, and the enclosure.
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26.3.2 Grounded metal

26.3.2.1

enclosure shall not be less than 1/16 inch (1.6 mm).

26.3.3 Class 2 circuits

26.3.3.1

Through air and over surface spacings between grounded metal and accessible metal or the

Unless required by 26.3.3.2 or 26.3.3.3, spacings in a Class 2 circuit shall not be specified.

26.3.3.2 The spacings between a Class 2 circuit and non-Class 2 circuits, accessible metal, and
grounded metal shall not be less than 3/32 inch (2.4 mm).

26.3.3.3 Fo
be less than 3

Exception: W
operation of t

a safety circuit located in a Class 2 circuit, through-air and over-surface spaci
/32 inch (2.4 mm) between uninsulated live parts of opposite polarity.

hen short-circuiting between parts where spacings are deficient deés not res
he safety circuit, spacings shall not be specified.

26.4 Spacings on printed wiring boards

26.4.1 Line

26.4.11 Sp
Exception No
1/32 inch (0.§
or if the affed
25.3.

Exception No
the occupant
complies with

Exception NG
(1.6 mm) if th
affected trace

Exception Ng
prohibited fro

voltage parts
Acings shall be as specified in 26.3.1.

1. For other than a safety circuit, spacings on a printed-wiring board shall nof
mm) if the printed-wiring board is potted with an epoxy-based compound or th
fed traces on the printed-wiring board’are covered with a conformal coating as

2: For other than a safety.circuit, opposite polarity spacings in a circuit that is
or in contact with circulating water are not specified from the point at whig
the requirements in 43.8.

. 3: For a safetycircuit, spacings on a printed-wiring board shall not be less th
e printed-wiring board is potted with an epoxy-based compound or the equiva
s on the printed-wiring board are covered with a conformal coating as described|

. 4:_"Requirements specified for Clearance and Creepage Distances in UL
m\being used.

ngs shall not

ult in unsafe

be less than
e equivalent,
described in

accessible to
th the circuit

an 1/16 inch
ent, or if the
in 25.3.

508, are not

26.4.2 Class 2 circuits

26.4.21

Exception No

Spacings shall be as specified in 26.3.3.

. 1: Spacings for a safety circuit shall not be less than 1/64 inch (0.4 mm).

Exception No. 2: Requirements specified for Clearance and Creepage Distances in UL 508, are not
prohibited from being used.

26.5 Spacings within motors

26.5.1
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26.6 Clearance and creepage distances

26.6.1 As an alternative approach to the spacing requirements specified in Spacings, Section 26, and
other than as noted in 26.6.2 and 26.6.3, clearances and creepage distances may be evaluated in
accordance with the requirements in UL 840, as described in 26.6.4.

26.6.2 Clearances between an uninsulated live part and the walls of a metal enclosure, including fittings
for conduit or armored cable, shall be as noted in 26.3.1. The clearances shall be determined by physical
measurement.

26.6.3 The clearance and creepage distance at field wiring terminals shall be in accordance with 26.2.

26.6.4

shall be used:

27

271

In cq

a)Fo

b) Fo

nducting evaluations in accordance with the requirements in UL 840, the follow

evaluating clearances:
1) The installation shall be considered Overvoltage Category ll;

2) The Phase-to-Ground Rated System Voltage used in the determination
shall be the equipment rated supply voltage rounded to the next higher value.

3) To determine equivalence with current through'air'spacings requirements a
potential having a value as determined in UL 840 is to be applied.

evaluation of creepages:

1) The installation environment shall-be considered to be Pollution Degree
those product intended for indoor use only. Installations in a garage or the like
considered Pollution Degree lll.

2) Any printed wiring board which complies with the requirements for Direct
796, provides a Comparative Tracking Index (CTI) of 100;

3) Printed wiring.boards are evaluated as Pollution Degree 2 when adjace
material is covered by any coating, such as a solder mask, which provides an
covering overat least one side and the complete distance up to the other side
material;

4) Printed-wiring boards shall be evaluated as Pollution Degree 1 under one o
canditions:

ng guidelines

bf clearances

h impulse test

Il except for

would also be

Support in UL

nht conductive
uninterrupted
of conductive

f the following

fyAcoating which compties withthe requirements for Conformat €
746C, or

atings in UL

ii) At a specific printed wiring board location by application of at least a 1/32 inch
(0.79 mm) thick layer of silicone rubber or through potting, without air bubbles, in

epoxy or potting material.

Internal Bushings

When conductors pass through an opening in a sheet metal wall that is 0.042 inch (1.07 mm) or

less thick, they shall be held away from the edges of the opening or shall be guarded by a bushing or a
grommet or by rolling the edge of the metal at the opening not less than 120°. A bushing, if used, shall be
securely held in place, and an insulating bushing shall not be less than 1/16 inch (1.6 mm) thick with a
minus tolerance of 1/64 inch (0.4 mm) for manufacturing variations. The edges of an opening in sheet
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metal thicker than 0.042 inch shall be treated to reduce the possibility of abrasion of the insulation by the
removal of burrs, fins, and sharp edges.

27.2 Afiber bushing shall not be used in a unit through which water is circulated.

28 Gaskets

28.1 A gasket or seal needed to comply with the Water Exposure Test, Section 57, or the Ozone Offgas
Test, Section 60, shall, after conditioning, comply with the requirements for tensile strength, elongation,

and, if applicable, maximum compression set and tensile set specified in the tests for property profile
information table in UL 157.

282 A galeet or seal exposed to ozone before the ozone is injected into the water circulatirlug system, or
exposed to g fluid other than spa water, in addition to complying with the requirenients in 28.1, shall
comply with the applicable requirements specified in the test considerations for end-use appl|cations table
in UL 157.

29 Thermal Insulation

29.1  Thermal insulation shall be of such material and so located, motnted, and supported that it will not
be adversely|affected by the conditions of either intended operation of the unit or abnormall operation of
the unit.

29.2 A polymeric material, such as foam, used as thermal‘insulation supplemental to the barfrier specified
in 9.3.5 shall have a minimum flame rating of HB or HBFin-accordance with the requirements|in UL 94.

29.3 Thermal insulation that is not rigid shall be@ounted or supported so that it will not sag. Adhesive
material used for mounting thermal insulation shall be intended for use at the temperature to|which it may
be subjected.

29.4 Deternpination of the acceptability of an adhesive may be omitted if the thermal [insulation is
mechanically[supported by at least oneTivet or equivalent fastening per square foot (9.3 dm?)|of material.

30 Motors
30.1 General

30.1.1 A mqtor shall be capable of handling the maximum load of the unit as described in 45.1 and 50.1
without incregsing'the risk of fire or electric shock.

30.1.2 A motor winding shall be such as to resist the absorption of moisture and shall be formed and
assembled to be free of loose turns, irregular crossovers, poor ties, and the like.

30.1.3 With reference to the requirement in 30.1.2, film-coated wire is not required to be additionally
treated for moisture resistance, but fiber slot liners, cloth coil wrap, and similar moisture-absorptive
materials shall be provided with impregnation or otherwise treated for such purpose.

30.1.4 A brush holder assembly shall be constructed so that when a brush is no longer capable of
performing its function, the brush, spring, and other parts of the assembly will be retained to the degree
necessary to reduce the risk of an accessible dead metal part becoming energized and of a live part
becoming accessible.

30.1.5 An electric motor shall comply with UL 1004-1, except as noted below:
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30.2 Motor circuit overload protection

30.2.1

of the following:

Copyright Underwriters Laboratories Inc.

a) The Current and Horsepower Relation, Cord-Connected Motors, Factory Wiring Terminals and
Leads and Non-Metallic Functional Parts sections of UL 1004-1 are not applicable.

b) A solid-state control that complies with UL 244A, is considered to fulfill the Motors Provided With
Controls requirements of UL 1004-1. Compliance with UL 60730-1, and/or the applicable Part 2
standard from the UL 60730 series fulfills the requirements in UL 244A.

c) See 9.3 for the applicability of the Frame and Enclosure (nonmetallic) requirements of UL 1004-
1.

d) Metal enclosure requirements of UL 1004-1 are superseded by the requirements of Section 9.

e) Grounding requirements of UL 1004-1 are superseded by the requirements of Sectjon 17.

f) Theg Ventilation Opening requirements of UL 1004-1 are only applicable where the|openings are
on suffaces considered to be the appliance enclosure (see Section 9).

g) The Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts|requirements
of UL[{1004-1 is superseded by Section 12.

h) The Protection Against Corrosion requirements of UL 1004-1 are.superseded by Section 14.

i) Thg available fault current ratings for motor start and runfing capacitors specified|in UL 1004-1
are n¢t applicable to cord and plug connected pumps.

j) The Switches section of UL 1004-1 is not applicable‘to centrifugal starting switches.

k) With the exception of the Resilient Mountingcand Electrolytic Capacitor Tests, thel performance
tests pf UL 1004-1 are not applicable.

[) Thg marking requirements of Section-44, General, of UL 1004-1 are not applicalple except for
Manufacturer's name or identification; (Rated voltage; Rated frequency, If greater thar] 1, number of
phasgs; and a multi-speed motor,~6ther than a shaded-pole or a permanent-split-capacitor motor,
shall be marked with the amperes.and horsepower at each speed.

A unit employing.a‘motor shall incorporate thermal or overcurrent protection that consists of one

a) Thermal ‘proetection complying with the applicable requirements in UL 2111; UL 1004-2; or UL
100443.

Excepftion No. 1. For a moftor that includes a control that limits the length of fime the motor can be
operated, such as a timer, the duration of the temperature test and the endurance test (both under
locked rotor conditions) may be less than that specified but shall be no less than the period of
operation permitted by the control.

Exception No. 2: When the time required to operate a manually reset protective device through 10
cycles of operation is longer than the time that the motor is likely to be operated during each use,
the number of operations of the device for the temperature test under locked-rotor conditions may
be less than 10 cycles but no less than 4 cycles.

Exception No. 3: A motor intended to move air only, by means of an air-moving fan that is integrally
attached, keyed, or otherwise fixed to the motor, is not required to have running-overload
protection.

b) Electronic protection that complies with the requirements of UL 1004-7;
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c) Electronic overcurrent protection provided as part of a motor-drive complying with UL 61800-5-1.
The combination of the motor and the motor drive shall comply with the running overcurrent and
locked rotor protection requirements specified in UL 1004-7;

d) Elec

e) Elec

tronic protection complying with UL 60730-1 and the tests of UL 1004-3;

tronic circuits complying with Annex B and the tests of UL 1004-3;

f) Impedance protection complying with the applicable requirements in UL 2111, UL 1004-2, or UL
1004-3, when the motor is tested as used in the product; or

g) Other protection that is shown by test to be equivalent to the protection mentioned in (a).

30.2.2 Whe
not rated in
relationships

applying to a
alternating-cy
30.2.3 Aths

30.2.4 Devi

horsepower, use is to be made of the appropriate table of NFPA 70,/th

rrent only; otherwise the table applying to direct-current motors is,to_be used.

rmal or overcurrent protective device shall not open the circuit during the tempe

protection shall be located in each ungrounded conductor.

30.2.5 A fus
conductor an

31 Overcurn

31.1 The aqg
resetting or re

Exception: TH

a) Th
requir

b) Th
becau
circuit

e employed for motor-running overcurrent protection shall be located in each
i in each of the phases of a 3-phase, 3-wire,‘alternating-current motor.

rent, Thermal, or Overload Protective Devices

tuator of a protective device, such as a fuse or circuit breaker, whose functio
placement shall be in an accessible location.

e protective device need hot be accessible when:

a}
2

bments in this Standard and

b presence-of the protective device would ordinarily be unknown to the usg
se of its\location and the omission of reference to the device in the operating ins
diagrams.

N a requirement in this Standard refers to the horsepower rating of a motor.ang

between horsepower and full-load currents for motors. For a universal mot
single phase, alternating-current motor is to be used if the appliance-is marke

the motor is
at gives the
or, the table
d for use on

ature test.

Ces (other than those that are inherent in a motor) employed for motor-running overcurrent

ungrounded

ning requires

unit, with the_protective device shunted out of the circuit, complies with all applicable

r of the unit
tructions and

31.2 A fuseholder shall be constructed and installed so that no uninsulated live part other than the screw
shell will be exposed to contact by persons removing or replacing fuses.

31.3 Fuseholders shall either comply with UL 4248-1, in conjunction with any of the associated Part 2
Standards listed below, as applicable for the type of fuse:

a) UL 4248-4, or

b) UL 4248-5, or

c) UL 4248-6, or

d) UL 4248-8, or

e) UL 4248-9, or
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f) UL 4248-11, or
g) UL 4248-12, or

h) UL 4248-15.

31.4 The screw shell of a plug-type fuseholder and the accessible contact of an extractor fuseholder

shall be connected toward the load.

31.5 An overcurrent- or thermal-protective device shall have a current and voltage rating no
load it controls.

31.6 Fuses| specified in 31.5 shall comply with UL 248-1, and any of the associated Rar]
listed below, jas applicable for the type of fuse:

a) UL|248-2, or
b) UL|248-3, or
c) UL|248-4, or
d) UL|248-5, or
e) UL|248-6, or
f) UL p48-7, or
g) UL|248-8, or
h) UL|248-9, or
i) UL 248-10, or
j) UL P48-11, or
k) UL|248-12, or

[) UL p48-15.

31.7 Circuif breaker-type overcurrent protections specified in 31.5 shall comply with UL 489

31.8 A circpit-breaker, if used in a 240-volt circuit, shall be a two-pole "common-trip" typ

less than the

2 Standards

e (a two-pole

circuit breake

31.9 When a circuit breaker is used in a vertical orientation, the "up" position of the handle shall be the

"on" position.

31.10 For a unit rated more than 20 amperes, each thermally protected motor shall be additionally
protected by a branch-circuit-type overcurrent protective device. The branch-circuit overcurrent protective
device shall be in series with the ungrounded conductor of each motor. When there is more than one
ungrounded conductor for a motor, the branch-circuit protective device shall be located in the conductor
which is connected directly to the thermal protector within the motor. The rating of the overcurrent
protective device(s) shall correspond to the rating of the fuse used during the original investigation of the

thermal protector in the motor.

Exception No. 1: A branch-circuit-type overcurrent protective device may protect more than one motor

when:
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a) The total electrical load of the motors does not exceed the rating of the overcurrent protective
device and

b) The overcurrent protective device is sized in accordance with 31.10 for the current rating of the
smallest motor.

Exception No. 2: A branch-circuit-type overcurrent protective device need not be provided for the motor(s)
in a unit rated more than 20 amperes if it can be determined that equivalent motor protection is provided

by the external overcurrent device that is protecting the branch circuit supplying the unit.

31.11

For a controller with an output intended for a pump or other motor load rated more than 16

amperes, each output shall be provided with a branch-circuit-type overcurrent protective device. The

branch-circuit
the ungroung
correspond t
protective de
be marked w
overcurrent p

3112 Auni
20 amperes
lamp ballasts
protector.

Exception: U

31.13 Wher
the unit feed

electric heating elements) connected in parallel with each other across any pair of main-sup

or leads, ove
circuit.

Exception: Adlditional overcurrent protection is not required as a part of the unit for the cong

two types of §

a) For
ampa
conne

b) For

-type overcurrent protective device shall be in series with the terminal or lead
ed conductor of each motor. The rating of the overcurrent protective | de
b 125 % of output current rating. If this does not correspond to a standarg
ice rating, the next highest size shall be used. See 31.15 for standard sizes. Th

rotection.

rated more than 20 amperes shall incorporate overcurrent.protection rated at
or each lighting circuit and for the primary of each transformer, including ozo
. The overcurrent protection may be either a branCh-circuit-type or a supple

its evaluated for use with overcurrent protection rated more than 20 amperes.

the current rating of a unit is more than40 amperes, and there are subdivided
ng two or more power-consuming components (such as motors, motor-contr

current protection shall be provided as a part of the unit for the conductors of ¢

ubdivided circuits-described in (a) and (b) as follows:

each separate motor or heating element circuit supplied by insulated conductd
ity at leastone-third that of the protective device in the branch circuit to which tk
cted.

each,separate motor control circuit supplied by insulated conductors having af
ne-fifth that of the protective device in the branch circuit to which the unit will be

intended for
vice(s) shall
overcurrent
b output shall

th the range of ratings appropriate for the switching device and ¢he’internal ranch-circuit

no more than
he generator
mentary-type

circuits within
bl circuits, or
ply terminals
bach terminal

uctors of the

rs having an
he unit will be

) ampacity at
connected.

least

31.14 A unit rated more than 48 amperes shall have an integral overcurrent protective device rated no
more than 60 amperes protecting each heating element. The current through each heating element shall
not exceed 48 amperes as specified in 22.4.

Exception: The overcurrent protective device may protect more than one load when the total load on the
device does not exceed 48 amperes.

31.15 The overcurrent protection mentioned in 31.10 and 31.14 shall be of a type rated for branch-circuit
protection. When a fuse is used, it shall be a standard Class CC, G, H, J, K, RK, or T cartridge fuse or Type
S or Edison-base plug fuse.
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32 Transfo

32.1

rmers and Power Supplies

5085-2 or UL 5085-3; in UL 1411; or in UL 379, or an equivalent set of requirements.

32.2

The transformer shall meet the constructional requirements specified in UL 5085-1 and either UL

In addition to the requirement in 32.1, a transformer supplying a circuit that is accessible to the

occupant or in contact with circulating water, or a transformer used to power an underwater luminaire as
specified in the Exception to 42.1 shall:

a) Be an isolating transformer that has its primary and secondary windings wound on and insulated
from separate sections of the core; or

b) Bé
0.005

c) Co
d) Co
e) Co

32.3 Excep
requirementg

324 A sep

constructional requirements specified in UL 5085-1 and UL 5085-3, or in UL 1310.

Exception: A
comply with |
60065, and t

325 Thes
contact with
Exception to

326 Thec
grounding cg

concentrically wound, be insulated from and separated by a grounded copper
inch (0.127 mm) thick; or

mply with UL 1097; or
mply with UL 2097; or

mply with UL 5085-3.

t as specified in 32.2 (c), (d), and (e), transformers’ shall comply with the
specified in UL 5085-1, and either UL 5085-2, or UL\5085-3, or as described in

arate power supply powering an audio/video system shall comply with the pert

separate power supply that meets thesrequirements specified in UL 1012, is n
32.4 when all the components that it\€nergizes comply with the requirements s
he applicable requirements in Audio/Video Components, Section 44.

bcondary circuit of a transfermer supplying a circuit that is accessible to the g
circulating water, or a transformer used to power an underwater luminaire as s
42.1 shall not be grounded.

pbre of a transformer supplying a circuit specified in 32.5 shall be bonded to t
nductor in accordance with Table 32.1.

Table 32.1
Transformer Bonding

shield at least

performance
61.7.1.

ormance and

ot required to
becified in UL

ccupant or in
pecified in the

ne equipment

Construction

Core shall be bonded
bonded

Core not prohibited from being

of a core.

Primary and secondary windings wound
on and insulated from separate sections

X

Concentrically

by a grounded
0.005 inch (0.1

secondary insulated from and separated

wound, primary and

copper shield at least
27 mm) thick

Transformers t
or UL 2097

hat comply with UL 1097

32.7 The transformer core is not prohibited from being bonded to the equipment grounding conductor for
all transformers not supplying a circuit specified in 32.5.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 1563 2025.pdf

62

UL 1563 JANUARY 13, 2025

33 Switches and Controllers

33.1 A switch, relay, or other control device shall be rated for the type, current and voltage, of load that it

controls.

33.2 Switches shall comply with UL 20, UL 61058-1, or UL 917.

33.3 Switches that comply with UL 61058-1, shall be rated as specified in 33.4 — 33.6.

33.4 Power

switches shall be rated as follows:

a) For
b) For
c) For

d) Wit

e) For|

f) For

33.5 Rating
conditions en

33.6 Switch
a) Poy

b) Poy

avoltaae not less than the rated voltaae of the annliance:
T ) PP 7

a current not less than the rated current of the appliance;
Continuous Duty;
N respect to load:

1) Switches for motor-operated appliances: for resistance and/or motor load in
with UL 61058-1, if the switch would encounter this load inynormal use; or

2) Switches may have a declared specific load in accordance with UL 61058-1
considered based upon the load conditions encountered in the appliance \
load.

ac if the appliance is rated for ac;

¢ if the appliance is rated for dc.

5 and load classifications for Switches other than power switches shall be b
countered in the appliance.under normal load.

bs shall also be rated with respect to endurance as follows:
ver switches: 6000 cycles;

ver switches:-provided with series electronics shall be subject to an additional 1

operafion with.th€electronics bypassed;

c) Sw
under

tches other than power switches, such as speed selector switches, that may
electrical load: 1000 cycles;

accordance

and may be
nder normal

ased on the

DOO cycles of

be switched

d) The following non-power switches are not required to be rated for endurance:

1) Switches not intended for operation without electrical load, and which can
only with the aid of a tool or are interlocked so that they cannot be operated un
load; or

2) Switches for 20 mA load as classified in Clause 7.2.6 of Section 7, Classifi
61058-1.

be operated
der electrical

cation, of UL

33.7 Electronic motor drives shall be suitable for the pump voltage and current rating and shall comply
with one of the following:

a) UL 61800-5-1; or
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b) UL

60730-1; or

¢) The circuit requirements in Annex B.

33.8 Electronic motor drives that additionally provide motor overload protection shall comply with 30.2.1.

33.9 Relays shall be suitable for the voltage, current and type of load controlled and shall comply with UL

508.

33.10 A through cord switch shall not be used.

33.11
rated for use

33.12 Aco
switch that d
provided wit
"off" position

33.13 A sw
potential to ¢

circuit.

33.14 A no

involve a pofential to ground of less than 150 volts. A 24vire, single-phase unit or a 3-wire

with a rating
volts.

33.15 Asw

Exception N(
a) Th
b) All

and the switch terminals are not accessible;

c) N9

switch where*contact arcing occurs;

A switc

with tungsten-filament lamps.

vertible unit or a permanently connected unit shall be provided with-anvintegy

ing, light shall be

al disconnect

-energizes power to the entire unit for servicing, maintenance, or the‘like unlgss the unit is

the statement on the wiring diagram specified in 73.8. The switch shall incly
When accessible to the tub occupant, the switch shall comply-with the Exceptio

itch provided as part of a unit intended to be connected(to a power supply ci
round of more than 150 volts shall be intended for the€ maximum potential to

minal 208-volt, single or 3-phase unit or a 120-/240-volt, single-phase unit is

n the range of 220 — 240 volts is considered to involve a potential to ground in

tch for a spa shall not be accessible to the tub occupant.

. 1: A switch may be aceessible when it complies with all the following:
b switch enclosure [s‘ef insulating material;

ive parts of the switch, other than terminals, are completely enclosed by the swi

dead-metal part that extends outside the switch enclosure enters the cham

de a marked
ns to 33.15.

rcuit having a
ground of the

considered to
3-phase unit
pxcess of 150

tch enclosure

ber within the

d) Th

b actyatorthat contacts live p::rl'e is M/hnlly of ianlI:aﬁng m::fnri::l;

e) With the exposed external part(s) of the actuator removed in its entirety, no live part inside the
switch enclosure is accessible;

f) Metal mounting screws or rivets securing the switch to accessible dead metal of the unit shall not
pass through the enclosure of the switch (but may pass through projections of the switch enclosure
or through insulating material secured to the switch);

g) A chamber within the switch where contact arcing occurs shall be separated from exposed dead
metal by mica no less than 0.005 inch (0.13 mm) thick or by other equivalent insulation; and

h) Metal assembly screws, rivets, clamps, or other switch mounting devices are insulated from

dead
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Exception No. 2: The switch may be accessible when it is located in circuitry that complies with the
requirements in 13.8 for circuits that are accessible to the occupant or in contact with circulating water.

33.16 A switch controlling one or more electric heating elements shall be arranged so that opening the
switch will de-energize all the elements.

33.17 A general-use snap switch rated for AC/DC use (not marked "AC") that controls an inductive load,
such as a transformer or a ballast, shall have a current rating twice that of the load it controls.

33.18 Unless provided with a suitable enclosure, a switch handle, knob, or actuator consisting of a metal

insert covered with an exterior Iayer of msulatlng material shaII be subjected to the Test for Resistance to

Impact, Sectif
material (or th
intended posi

33.19 A swi
the Test for

dislodged from its intended position.

Exception: TH
live part and 1

34 Capacity

34.1 Acapg

fch handle, knob, or actuator that consists entirely of insulating matefiat’'shall be
Resistance to Impact, Section 59. The results are in compliane€-when the |

e requirement does not apply when, with the handle completely removed from t
o previously inaccessible dead metal is accessible.

DIr's

citor provided as a part of a capacitor moter@nd a capacitor connected across f

as a capacit

enclosure or gontainer such that the plates are notstbject to mechanical damage and the ris
of flame or mglten material resulting from malfunction of the capacitor is reduced. The contain
metal providing strength equivalent to uncoated steel having an average thickness o
(0.51 mm). Sheet metal having an average thickness less than 0.026 inch (0.66 mm) shall nof

Exception NQq.

material othe
provided that

Exception No
be such as t
thickness dod

r for radio-interference elimination or_power factor correction) shall be hous

1. The individual container of a capacitor may be of thinner sheet metal
" than metal if the capacitor is mounted in an enclosure that houses other parts o
such a box, case{ arid the like is rated for the enclosure of current-carrying parts|

2: The individual enclosure of an electrolytic capacitor with means for venting
b reduce~the risk of mechanical damage only, and the requirement for minimdt
s not.apply. The individual enclosure of an electrolytic capacitor not provided w

venting but p

e inner Iayer of msulatlon |f there is more than one Iayer) or dlslodgmg of the ha
fion.

ndle from its

subjected to
andle is not

he switch, no

he line (such
ed within an
K of emission
er shall be of

0.020 inch
be used.

br may be of
f the unit and

s required to
m enclosure
ith means for
for enclosure

] ovided with an opening more than 1/16 inch (1.6 mm) wide between the capaci
and the motowmmmmmmﬂamw

34.2 When a capacitor that is not a part of a capacitor motor or a capacitor-start motor is so connected in
a unit that capacitor breakdown would result in any risk of fire or electric shock, thermal or overcurrent
protection shall be provided in the unit to reduce such a risk.

61.6.1.

34.3 A capacitor employing a dielectric medium of wax or of liquid other than askarel shall comply with
UL 810.

35 Lampholders and Receptacles

35.1 A lampholder for a low-voltage (for example, 6-volt) lamp shall not be tapped across a part of a
winding of a motor when the rating of the motor is more than 230 volts.
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35.2 An ANSI 15- or 20-ampere, 125-volt receptacle shall not be provided.

35.3 Receptacles used as a means to terminate cords between component enclosures (such as cords
interconnecting spa controls, pumps, blowers, lights, and similar devices) shall have markings provided in
accordance with 75.3.4 and 75.5.2 to indicate the intended load(s), such as a pump or blower, as well as
the maximum electrical ratings of the intended load(s).

35.4 Lampholders shall comply with UL 496.

35.5 Internal plugs and connectors shall be suitable for voltage and current involved and not exceed the
operating temperature rating of the component. They shall comply with either UL 498, or UL 1977.

36 Temperpture Sensing, Thermistor Devices
36.1 A temperature sensing device, such as a positive temperature coefficient (PTC) thermistor and a
negative tenjperature coefficient (NTC) thermistor, that is used in combination With an elegtronic control

and that toggther with the control provides an operating or protective function shall comply with UL 1434.

36.2 The thermistors described in 36.1 shall be investigated for:
a) Enfurance Test: 100,000 cycles (all types),

b) Tefperature Excursions: Outdoor Use Conditions

36.3 The chlibration tolerance allotted to the thermistor, plus the calibration tolerance gllotted to the
electronic coptrol, shall not exceed the required as-received (Deviation) system tolerance of {5 °F (3 °C);
and the requ|red after conditioning (Drift) system tolerance of +10 °F (6 °C).

37 Temperature-Regulating Controls
37.1 General

37.1.1 A unit provided with an_integral heater or provision for a heater shall also be proyided with an
adjustable water temperature<4regulating control.

37.2 User ¢ontrols —standard settings

37.2.1 The|watertemperature-regulating control shall have marked temperature settings wjth no marked
water-tempefaturessettings higher than 40 °C (104 °F).

37.2.2 A unit shall not permit settings that correspond to operating temperature values higher than 40 °C
(104 °F).

Exception: Units that comply with the special temperature settings requirements in 37.3.1 — 37.3.4.

37.2.3 Water temperature-regulating controls shall be factory adjusted to a temperature setting
corresponding to an operating temperature value of no more than 38 °C (100 °F).

37.3 User controls — special temperature settings

37.3.1 In accordance with the Exception to 37.2.2 units are not prohibited from having special
temperature settings to allow higher operating temperature values for thermal loss compensation.
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37.3.2 The maximum special temperature setting shall correspond to an operating temperature value of
no more than 41 °C (106 °F) and shall only be obtained through a special input to the control by the user.
The user actuation mechanism shall be such that it is highly unlikely these settings could be accidentally
accessed.

37.3.3 The maximum operating temperature value of the water temperature-regulating control shall reset
to 40 °C (104 °F) if the user reduces the setting to one corresponding to 40 °C or less.

37.3.4 There shall be a visible indication when a unit's special temperature setting feature has been

activated.
37.4 Water
3741 Aun

The indicator
If provided as

temperature indication

t shall be provided with an indicator that displays the actual temperature\of t
is not prohibited from being a device separate from the water temperature‘regul
a separate device, it shall have means to reliably attach it to the spayat a loca

by the manufacturer.

3742 The
graduated in

37.5 Const

3751 Aw3q
than 3 °C (¢

ncrements no greater than +2 °F.
ruction

ter temperature-regulating control shall have a\folerance at the maximum settin
b °F).

37.5.2 A waler temperature-regulating control shall comply with either the requirements in (2

he tub water.
ating control.
ion specified

temperature indicator shall have a maximum tolerance, 0of/+2 °F (£1 °C) and shall be

y of not more

), (b), or (c):

a) Thg water heater control requirements in UL 873. In addition, the control shall have a maximum
toIeraIce of £3 °C (5 °F) and shall comply with the calibration verification and 100,000-cycle
endurance requirements in UL 873~ If part or all of the control is electronic, it shall comply with 40.6,
40.7 and Annex C.
b) UL p0730-1 and UL 60730-2-9 with the parameters as specified in Table 37.1.
¢) The circuit requirements in Annex B.
Table 37.1
Temperature-Regulating Control Parameters
UL 60730-1, Table 7.2DV item number Information Control requirement
6 Purpose of control Operating Control
7 Type of load controlled AC heater load
27 Number of Automatic cycles (A) 100,000
29 Type of disconnection or interruption Micro-Disconnection
36 Limits of Activating Quantity 40 °C (104 °F) setpoint normal operation
41 °C (106 °F) setpoint special settings
per 35.3
39 Type 1 or Type 2 action Type 2
40 Additional features Automatic reset

Table 37.1 Continued on Next Page
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Table 37.1 Continued

UL 60730-1, Table 7.2DV item number

Information

Control requirement

41

Manufacturing Deviation, maximum

13 °C (5 °C)

42 Drift Not vary from the as-received
temperature by more than 5 % of the
Fahrenheit setpoint temperature, or by
more than 10 °F (6 °C), whichever is the
greater.
49 Pollution degree Pollution degree 3
52 The minimum parameters of any heat Must be specified
dissipater (heat sink) not provided with
an electronic control but essential to 1ts
correct operation
53 Output waveform if other than sinusoidal | Must be specified
58a Required protection/immunity from mains | Required®
borne perturbations, magnetic and
electromagnetic disturbances
69 Software Class B
74 External load and emission control Intended heater
measures to be used for test purposes
90 Surge immunity IEC 61000-4-5 installatior| Class 3.
Overvoltage category II.
92 Class of Control Function B

by this Standafd should be considered as:

b) Overvoltage Category llI

c) Tegt Level 3

@ For the purpdse of the tests specified in Annex H, Section 26, Abnormal Operation Tests, of UL 60730-1, the products covered

a) Installation Class 3 (See Annex R, UL 60730-1);

37.5.3 A reJay or contactor centrolled by the water temperature regulating control shall cogmply with the
100,000 cycle endurance test in‘UL 508.

37.5.4 A capillary tube-or a sensing circuit for a water temperature-regulating or water|temperature-
limiting contrpl water.temperature control shall be provided with mechanical protection to redtice the risk of
loss of water[temperature control in the event of damage.

Exception:

echanical protection is not required for a capillary tube or sensing circuit of a control that

incorporates a construction that will open the heater circuit in the event of damage to the capillary tube or
short or open circuit in the sensing circuit.

37.5.5 Mechanical protection is considered to be provided for a capillary tube or a sensing circuit for a
water temperature control when it is contained entirely under the spa skirt and located so that it is not likely

to be disturbed during user servicing

38 Temperature-Limiting Controls

38.1

A unit shall be provided with a temperature-limiting control that:

a) Limits the water at the inlet to the tub to a maximum temperature of 50 °C (122 °F),
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b) Is in addition to any temperature-regulating control(s),

¢) Opens all ungrounded power supply conductors in the heater circuit, and

d) Has a tolerance at the maximum temperature setting of not more than +3 °C (5 °F).

38.2 A temperature-limiting control shall be either a manually resettable type with a defined state (hard
lockout) or a thermal link.

38.3 A manually resettable control shall be trip free in accordance with 38.5, and the means for resetting
shall be readily accessible to the user. Such a control shall comply with the requirements in (a), (b), (c), or

(d) below.
a) UL B53.
b) Th¢ water heater limit control requirements in UL 353, or the water heater limiting control
requirements in UL 873. Its reset mechanism shall be "Manually Reset 2!-er'"M2". If|part or all of
the coptrol is electronic, it shall comply with 40.6, 40.7 and Annex C.
¢) UL $0730-1 and UL 60730-2-9 with the parameters as specifiedin‘Jfable 38.1.
d) Thq circuit requirements in Annex B.
Table 38.1
Temperature-Limiting Control Parameters

UL 60730-1,|Table Information Control requirement

7.2DV item number

6 Purpose of control Manually Reset Thermal Cut-Out

7 Type of load controlled AC heater load

27 Number of Automatic.cycles (A) 6000: 1000 with load 5000 without load

29 Type of disconnection or interruption Full-Disconnection

36 Limits of Activating Quantity 50 °C (122 °F) setpoint

39 Type 1 or(Type 2 action Type 2

40 Additional features Manual Reset, Type 2.D.J Action

41 Manufacturing Deviation, maximum 13 °C (5 °C)

42 Drift Not vary from the as-received temperature by
more than 5 % of the Fahrenheit setpoint
temperature, or by more than 10 °F{(6 °C),
whichever is the greater.

49 Pollution degree Pollution degree 3

52 The minimum parameters of any heat dissipater Must be specified

(heat sink) not provided with an electronic control
but essential to its correct operation

53 Output waveform if other than sinusoidal Must be specified

58a Required protection/immunity from mains borne Required?®
perturbations, magnetic and electromagnetic
disturbances

69 Software Class B

74 External load and emission control measures to Intended heater

be used for test purposes
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Table 38.1 Continued

UL 60730-1, Table Information Control requirement
7.2DV item number
90 Surge immunity IEC 61000-4-5 installation Class 3. Overvoltage
category Il.
92 Class of Control Function B

a)Ins

@ For the purpose of the tests specified in Annex H, Section 26, Abnormal Operation Tests, of UL 60730-1, the products covered
by this Standard should be considered as:

tallation Class 3 (See Annex R, UL 60730-1);

b) Overvoltage Category IlI

c) Tes

t Level 3

38.4 Ather

38.5 Withr

mal cutoff shall comply with UL 60691.

bference to 38.3, the term "trip free" means that the device is constructed so th

cannot be held in the closed position when the water has attained a température hotter t

regardless of

38.6 Withr

the position of the actuating handle, button, lever, or the like.

eference to 38.1(c), either a single-pole device or a-nultipole device may be use

is one pole im each ungrounded power supply conductor. The requirement is applicable reg

number of pq

38.7 A me
mechanical t
no parts in ¢
regulating dg

Exception: H
control funct
are suitable

38.8 The re
regulating an

38.9 When
the electrical

wer supply circuits used.

chanical temperature-limiting device shall have no operating parts in cor
bmperature-regulating control device,.and an electronic temperature-limiting cirg
bmmon with either an electronic temperature-regulating circuit or a mechanical
vice; however, a common mounting bracket or enclosure may be used.

arts may be employed in.coemmon for the temperature-regulating and tempe
ons when the results of\an investigation indicate that the reliability of such par
or the application.

lay or contactar that controls the heater circuit shall not be activated by both a
d a temperature-limiting control.

opening-of the control circuit makes the limit control inoperative, it shall also reg
supply to the heater.

the contacts
an specified,

d when there
ardless of the

hmon with a
uit shall have
temperature-

rature-limiting
[s in common

temperature-

ult in opening

38.10 Shorting of the limit control circuit to ground shall not make the limit control inoperative.

38.11

Dry-fire protection shall be provided to reduce the risk of damage to the heater or adjacent parts

when there is no water flow through the heater. Compliance with this requirement shall be determined by
the test described in 61.1.1.

38.12 A water-sensing device, when used as the dry-fire protection specified in 38.11, shall be installed
in such a way as to reduce the risk of contamination due to hair, dirt, calcium deposits, and the like.

39 Temperature Controls

39.1
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a) Temperature regulating control that controls the cooling of the water shall be accurate to the
tolerances per Section 36, Temperature Sensing Thermistor Devices. The minimum setting for
cooling shall be declared by the spa manufacturer.

b) Temperature-Limiting Control that:
1) Limits the water temperature at the inlet to the tub to a maximum not lower than 5 °C
(9 °F) lower than the minimum temperature specified by the spa manufacturer in item (a)
above;

2) Is in addition to any temperature-regulating control(s);

3) Opens all ungrounded power supply conductors in the cooling circuit;

4) Has a tolerance at the minimum temperature setting of not more than +3 C°(+5 °F); and

5) Shall comply with additional requirements in Section 38, Temperature-Limifing Controls,
as applicable.

40 Reductipn of Risk of Injury to Persons

40.1 Generfl

40.1.1 Whep an automatic-reset type of protective device is.employed in a unit, the automatic restarting
of the motor ghall not result in any risk of injury to persons.

40.1.2 The fequirement in 40.1.1 necessitates the use of an interlock in the pump when any moving part
or the like wolild be likely to present a risk of injury upen automatic restarting of the motor.

40.1.3 An efige, projection, or corner of an enclosure, opening, frame, guard, handle, or the like shall be
smooth and well-rounded and shall not cause ‘a laceration or cut-type injury during use or maiptenance.

40.1.4 Any moving part, such as a\rotor of a motor, a pulley, a belt, or a gear, shall be| enclosed or
guarded to refduce the risk of injury.topersons.

40.1.5 With|reference to thejrequirement in 40.1.4, the degree of protection required of the enclosure
depends upop the general'design and intended use of the unit. The factors to be taken into ¢onsideration
in evaluating fhe acceptability of an exposed moving part are:

a) The degree of exposure;

b) The-sharpress-ofthemovingpart:

¢) The risk of unintentional contact with the moving part;
d) The speed of movement of the part; and

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

40.1.6 In addition to complying with 40.1.4 and 40.1.5 and under normal operating conditions, a moving
part coming into contact with the occupant shall not exert a force greater than 7 pounds (9.49 J). When the
mechanism (moving part) is motorized, it shall reverse its direction of motion when it encounters a
resistance greater than 7 pounds.
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40.1.7 When the weight of the moving part referenced in 40.1.6 (including the weight of the supported
component and the supporting structure) exceeds 7 pounds, then it shall additionally comply with the static
loading test in the Structural Integrity Tests, Section 65.

40.2 Stability

40.2.1 A cord- and plug-connected unit shall be provided with a base of such dimensions that the unit will
not tip over while inclined in any direction at 10° to the horizontal, with or without water load.

40.2.2 Ordinarily, the stability of a spa is to be investigated only when the height of the tub exceeds twice
the smallest dimension of the base.

40.3 Risk of scald injury

40.3.1 A unit shall not produce excessive temperatures in water discharged into-the‘tub dlie to residual
heat in a hegter during temporary loss of power or reduced or interrupted water flow through|the heater as
determined Ily the tests described in 61.2.1 and 61.3.1.

40.4 Heatef protection

40.4.1 Water-flow sensing circuitry or devices designed to sense.the lack of water whep heaters are
energized (spmetimes called dry-fire protection) shall be investigated for reliability. These [devices shall
comply with gither (a), (b), (c), (d), or (e) below:

a) UL[353.

b) The water heater control requirements inJL 873. In addition, the control shall cogmply with the
calibrption verification and 100,000-cycle endurance requirements in UL 873. If part or all of the
contrgl is electronic, it shall comply with40.6, 40.7 and Annex C.

¢) UL|60730-1 and UL 60730-2-6 with the parameters as specified in Table 40.1.
d) UL|60730-1 and UL 60730-2-9 with the parameters as specified in Table 40.1.

e) The circuit requireménts of Annex B.

Table 40.1
Water-Flow Control Parameters (Dry-Fire Protection)
UL 60730-1, Table Information Control requirement
7.2DV item number
6 Purpose of control Protective control (temperature)
7 Type of load controlled AC heater load
27 Number of Automatic cycles (A) 100,000
29 Type of disconnection or interruption Micro-Disconnection
36 Limits of Activating Quantity Factory pressure, vacuum or temperature setting
39 Type 1 or Type 2 action Type 2
40 Additional features Automatic reset
41 Manufacturing Deviation, maximum The operating pressure of a pressure control
shall be within +5 % of its set point pressure
+3 °C (5 °F) for temperature sensitive controls.

Table 40.1 Continued on Next Page
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Table 40.1 Continued

UL 60730-1, Table Information Control requirement
7.2DV item number

42 Drift The operating pressure shall not vary from the
operating pressure initially determined by more
than 5 % of the maximum set point pressure.
Not vary from the as-received temperature by
more than 5 % of the Fahrenheit setpoint
temperature, or by more than 10 °F (6 °C),
whichever is the greater.

49 Pollution degree Pollution degree 3

52 The minimum parameters of any heat dissipater Must be specified
(heat sink) not provided with an electronic control
but essential to its correct operation

53 Output waveform if other than sinusoidal Must be specified

58a Required protection/immunity from mains borne Required?
perturbations, magnetic and electromagnetic
disturbances

69 Software Class B
74 External load and emission control measures to Intendediheater
be used for test purposes
90 Surge immunity IEC 61000-4-5 installation Class 3] Overvoltage
category Il.
92 Class of Control Function B

@ For the purpoge of the tests specified in Annex H, Section 26 of UL 60730-1, the products covered by this Standargl should be
considered as:

a) Instpllation Class 3 (See Annex R, UL 60730-1);
b) Ovgrvoltage Category llI

c) Tesj Level 3

40.5 Water packflow

40.5.1 A spa shall be provided with two separate and independent means to prevent water packflow into
electrical equ|pment (such*as a backflow loop and a check valve).

Exception No. 1.\ Aspa may be provided with a single component to prevent water backflow [nto electrical
equipment when) the results of an investigation indicate that the reliability of the single domponent is
suitable for the application.

Exception No. 2: Water-sanitizing equipment, such as an ozone generator, need only be provided with
one backflow check valve.

40.5.2 When a spa or an equipment assembly is tested in accordance with 61.4.1, there shall be no
wetting of live parts or electrical insulation.

40.5.3 A check valve provided to reduce the risk of water backflow shall close when the air pressure falls
below that pressure represented by the maximum head of water that the valve can be subjected to under
any condition of filling. The valve shall not leak when subjected to twice the maximum water pressure, as
described in 61.5.1.
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40.5.4 When an equipment assembly is provided with a check valve that is necessary to reduce the risk
of backflow of water from a hot tub or spa furnished in the field, it shall close when the air pressure falls
below the maximum pressure that the blower can develop and shall not leak at any water pressure from
zero to 5 pounds-force per square inch (0 to 34.5 kPa), as described in 61.5.1.

40.5.5 A blower or an equipment assembly with a blower shall be provided with the marking specified in
75.4.1 and the instructions specified in 77.5.1.

Exception: A blower or an equipment assembly with a blower that complies with the requirement specified
in 40.5.1 is not required to be provided with the marking specified in 75.4.1 and the instructions specified in
77.5.1.

40.6 Safety controls and safety circuits

406.1 At
considered t
that is used t

mperature-limiting control, a temperature-regulating control, and -a dry-fir¢ control are
b perform a safety function. A component, such as a switch or relay;,or an elgctronic circuit
b perform a safety function shall not be used to perform any otherfunction.

Exception: B
perform fung
results of an
for the applic

xcept as specified in 38.8, an individual component or an électronic circuit may be used to
tions (including additional safety functions) in addition toythe primary safety function if the
investigation indicate that the reliability of componentsin such multiple functigns is suitable
ation.

40.7 Reliability

40.7.1 A cdmponent investigation (see 61.8.1) shall be necessary when evaluating:

a) Safety controls,

b) Safety circuits,

c) Cir

d) Other circuits where cemponent faults result in a risk of fire, electric shock, or injury

cuits that are accessible fothe occupant or in contact with circulating water, and

with the par
circuit that p
and/or injury
shall comply

40.7.2 EXC{

pt for controls evaluated in accordance with UL 60730-1, UL 60730-2-6, and |
meters as)specified in Table 37.1, Table 38.1, and Table 40.1, an electronic
rforms@abackup, limiting, or other function intended to reduce the risk of fire,
to persons, including temperature-regulating, temperature-limiting and dry-fi
withithe requirements in Annex C.

to persons.

L 60730-2-9,
or solid-state
lectric shock,
re protection,

40.7.3 For the purposes of determining circuit reliability required by 40.7.2, the Critical Failure Modes for

each type of

control are as follows:

a) Temperature-Regulating Control —

1) Normal use set point higher than 40 °C (104 °F)
2) Special Use Set Point higher than 41 °C (106 °F)

3) Maximum water temperature exceeding 43 °C (109 °F)

b) Temperature — Limiting Control — Water temperature at the inlet to the spa greater than 50 °C

(122°

F)

c) Heater Protection — Heater allowed to activate without water flow.
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40.8 Ozone generators

40.8.1 An ozone generator provided as an integral spa component shall inject ozone into the water
circulating system without ozone passing through the pump, heater, or current collectors, and without
ozone contacting any safety circuit component or sensing device, or any check valve that is not an integral
part of the ozone system.

40.8.2 A spa with an integral ozone generator shall not offgas more than 0.1 parts ozone per million
parts air (PPM) averaged over 8 hours when tested as specified in the Ozone Offgas Test, Section 60.

40.8.3 The maximum transitory ozone concentratlon shall not exceed 0.3 parts ozone per million parts
air (PPM) w 0-§ PPM when
averaged over any two consecutlve readmgs

40.8.4 Factors to be taken into consideration when evaluating the acceptability, of~watef disinfection
components g$uch as ozone generators include but are not limited to:

a) Type of injection method, including injection depth;
b) Type of injector used, such as an ozone jet or a negative pressure venturi;
c) Corntact distance (with water) from the point of generationto the point of injection; and

d) Other factors that may contribute to reduce the off-gassing effects, such as plumbjng diameter,
type of tubing used, etc.

40.9 Button batteries or coin cell batteries

40.9.1 The |battery compartment of an appliance or any accessory, such as a wireless control,
incorporating( one or more button batteries<or coin cell batteries shall comply with UL 4200A, if the
appliance or any accessory:

a) Is intended for use with one-er more single cell batteries having a diameter of 32 mm (1.25 in)
maximum with a diameter greater than its height; and

b) Thg appliance is intended for consumer use.

40.10 Suction openings

40.10.1 Eagh spa;shall be provided with a minimum of two suction openings, or one suction|opening and
a skimmer equipped with a vacuum break. The suction openings may be shared by more thgn one pump,
provided each pump can draw water from two or more openings. Each suction opening shall be provided
with a means to reduce the risk of entrapment. Each suction opening provided for this purpose shall:

a) Have a flow rate in gallons-per-minute (GPM) which equals or exceeds the water flow rating of
the specific opening when tested as described in 62.1;

b) Comply with the applicable requirements specified in APSP-16; and

c) Not be installed on seating or lounge areas or on the backrest(s) of such areas.

Exception: A fitting with no marked flow rating need not comply with 40.10.1(a) if it complies with all the
provisions of APSP-16 when installed in the spa. Controls shall be adjusted for the maximum water flow
through the fitting.
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40.10.2 A suction opening that presents a risk of injury due to its shape, location or intended use under
normal or abnormal use, or when it can be used as a seat, step, or support structure facilitating entry or
exit from the spa, shall comply with the applicable tests in Structural Integrity Tests, Section 65.

Exception: Small parts unlikely to be subjected to the loading effects anticipated by the tests in Section 65
may be subjected to the Test for Resistance to Impact, Section 59.

40.10.3 All parts removable without the use of tools shall be removed while the system is evaluated for
risk of body and hair entrapment if doing so results in the worst case.

40.10.4 Additional factors to be taken into consideration when evaluating the acceptability of suction

/hen installed

openings no
as intended i

a)Re
b) M¢
c) No

d) Rig
and

e)Th

40.10.5 Su
suction open
and skimmer

Exception N
that release

these featur
construction

Exception N
resistant atm

40.10.6 Ins

a) On

comnletely sulbmeraed (or unlikelv to he campletels submeraed) at all times
Lad J J \ J Lad J J 7

nclude but are not limited to:

sistance to impact;

chanical strength;

'mal and abnormal loading effects (such as an occupant using.it as a step or seg

k of injury (such as a laceration, or the risk of tub occupant inadvertently hittin

e impact of the occupant not replacing some or all removable parts.

Ction openings shall be installed in such a manner that it is unlikely both suction
ing and skimmer on the same pump can.be simultaneously blocked. The inst
shall comply with the body entrapmentirequirements specified in APSP-16.

p. 1. Constructions where the spa is provided with features, electrical, mechg
he pump vacuum in the event.both fittings on a single pump are blocked. The f]
bs shall be evaluated by-the Body Entrapment Test in APSP-16. Mechanica

D. 2: Suction outlets protected by either (1) a suction-limiting vent system w
lospheric openingyor (2) or gravity drainage system.

tallations-specified below are considered unlikely to be simultaneously blocked:

e fitting in a footwell and a skimmer.

features necessary for the function of the system shall be evaluated for reliability.

t);

h the device);

ppenings or a
plled fitting(s)

nical, or both
Linctionality of
or electrical

ith a tamper-

b) Fit

Ngs mstaited om the same ptane and separated by a mimimun of 3 feet {079y

c) Fittings on the same pump that are installed in a footwell where the footwell cannot be
completely covered by the 18 inch by 23 inch (457 mm by 584 mm) blocking element specified in
APSP-16. In constructions where this cannot be readily determined, the footwell shall be subjected

to the

Body Entrapment Test specified in APSP-16.

40.10.7 Suction openings that draw water from a gravity-fed water reservoir are not required to comply
with the requirements in 40.10.3 — 40.10.8 when they are inaccessible to the occupant, and do not present
a risk of hair or body entrapment.

40.10.8 Skimmers represented by the general descriptions in (a) — (c) and conforming to the overall
general shapes and designs (or the equivalent) illustrated in Figure 40.1 — Figure 40.3 are not required to
comply with the requirements in 40.10.3 —40.10.8.
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a) Weir Door Style Skimmer — A vertically-mounted, square-shaped skimmer installed in the side
wall of the spa shell provided with a square-shaped face opening measuring approximately 5 x 5
inches (12.7 x 12.7 cm) or having an opening measuring 25 inches? (63.5 cm?) minimum, installed
close to the tub rim. Provided with a weir door for skimming floating debris from the water surface.
Provided with a skim basket with mesh openings covering the entire basket. May be provided with
a filter cartridge. See Figure 40.1 for the general shape and design of a weir door style skimmer.

b) Floating Weir Style Skimmer — A horizontally-mounted, circular-shaped skimmer measuring
approximately 15 inches (38 cm) tall with an 8-inch (20.3 cm) diameter. Installed so that the
telescoping floating weir comes within a couple of inches of the tub rim when fully extended.
Installed in a recessed area. Provided with an adjustable, telescoping floating weir (extendable to
approxmately 5 mches) for sk|mm|ng floatmg debris from the water surface Prowded with a

’ f f f ' ded with the
the skimmer

from the sides in addition to the top.

1) Six openings measuring 2 inches (5 cm) wide by 0.25 inches (51(mm) high; ¢r

2) Eight openings measuring 1.15 inches (2.9 mm) wide by 0.2 inches (5 mm) high, and two
openings measuring 2.15 inches (5.4 cm) long by 0.2 inches high; or

3) Four openings measuring 2 inches wide by 0.3 inches (8 mm) high, and fwo openings
measuring 1.6 inches (40 mm) wide by 0.3 inches high; or

4) A minimum of six openings evenly distributed along the diameter of the skimmer body
having a total area of minimum 2.7 inches? (6:8-cm?).

Provided with a circular-shaped skim basket withmesh openings covering the entire pasket. Skim
baskef and floating weir are held inside the skimmer using friction fit. Provided with a fjlter cartridge
ring approximately 12 inches (30.5°¢m) long. See Figure 40.2 for the general shape and

Style Skimmer — A vertically-mounted, rectangular-shaped skimmer installed in the side
f the spa shell. Two-piece construction (faceplate and threaded back plate). Overall

provided eithé€r'on the tapered sides of the faceplate, or on the threaded back plate having a total
area qf approximately 3 inches? (7.6 cm?). See Figure 40.3 for the general shape dnd design of
strip sfylesskKimmer.
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Figure 40.1
Weir Door Style Skimmer

Figure 40.2
Floating Weir Style Skimmer
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Figure 40.3
Strip Style Skimmer

40.10.9 Sk
blocked. Ski
vent to the at

40.11 Sucti

40.111 AC

6
O
§\
O T

$4645

mers shall be of such a design that it is unlikely all 6penings could be si

i
r’Emers shall have additional openings in the skimmer design or in the plumbing

osphere should the main intake become blocked.

pn openings for cold tubs

pld Tub shall comply with 40.10, as applicable.

40.11.2 As 4n alternative to 40.11.1, a Cold Tub with low flow water recirculation or filtration

provided with

high flow jet pump(s) and massage jets, for example with a single skimmer

break that complies with 40.10.8 and 40:10.9, may be considered acceptable.

41 Circulat

411
41.1.1 Com

outlets, filters
or swim spa.

on Systems and Filters

Circulgtion systems

plete cireulation: A circulation system consisting of pumps, piping, return in
and othier necessary equipment shall be provided for circulation of water throug

multaneously
system that

only and not
with vacuum

lets, suction
hout the spa

41.1.2 The system shall operate a minimum rate of 12 water turnovers within a 24-hour period in a clean
filter media condition. The water turnover rate is calculated by dividing the total volume pumped through
the filter in a 24-hour period by the manufacturer's specified spa volume.

41.1.3 Circulation system components: Components which require replacement or servicing, shall be
accessible for inspection, repair, or replacement, and shall be installed in accordance with the

manufacturer'

s specifications.

41.1.4 Spa Drainage: The circulation system shall be designed and fabricated to provide drainage from
the circulation equipment.

41.1.5 The spa or swim spa manufacturer shall inform the owner in the user-maintenance instructions on
the proper method for the removal of water from a spa or swim spa and associated piping. The owner shall
refer to the manufacturer's instructions.
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41.2 Filters

41.2.1 All filter elements, media and other components which require servicing shall be accessible for
inspection, removal, and repair.

41.2.2 Pressure-type filters: On pressure-type-filters, a means shall be provided to permit the release of
internal pressure.

41.2.3 Maintenance instructions: Pressure filters and separation tanks shall have operation and
maintenance instructions permanently installed and clearly visible on the filter. They shall include a

precautionary statement warning not to start up the system after maintenance without first opening the air
release and rr\pnrly rnoeenmhling the filter.

41.2.4 Piping: Piping furnished with the filter, shall be of suitable material capable of withgtanding 1 1/2
times the wofking pressure of the pump.

42 Ground-Fault Circuit-Interrupters

42.1 Each permanently-connected unit incorporating a luminaire circuit,~each cord- and plug-connected
unit, and edch convertible unit shall be protected by an integral (ground-fault circuit-interrupter that
complies with the requirements for a Class A ground-fault circuit-intetrupter in UL 943.

Exception: Integral ground-fault circuit-interrupter protectionis.not required for a permanenftly connected
unit incorporgting a luminaire circuit provided the luminaire circuit operates at 15 volts AC, ¢r less, and is
supplied by |an isolating transformer which complies~With the transformer construction (requirements
specified in fransformers and Power Supplies, Section"32.

42.2 When|provided, a ground-fault circuit-interrupter shall be a type capable of detecting gn open circuit
in any line cpnductor or in the neutral conductor or be a type capable of operating as intgnded with an
open circuit ih any line conductor or in the-rneutral conductor.

Exception: Qpen neutral protection may be provided by circuitry other than the ground-fault circuit-
interrupter when the circuits or«c@mponents providing open neutral protection comply with| the reliability
requirementg for safety circuits_and with UL 943.

42.3 When|provided,a‘ground-fault circuit-interrupter (including any external open-neutral gircuitry) shall
be connected between the supply lead or terminal connections or the attachment plug of a cqrd-connected
unit and all pther<electrical conductors and equipment. This determination is to be made| with the unit
connected in|alhintended voltage configurations.

Exception No. 1: For a convertible unit that incorporates the ground-fault circuit-interrupter in the
attachment plug of the power supply cord, the ground-fault circuit-interrupter need not be connected
between the supply lead or terminal connections and equipment when the unit is connected in the 240 V
mode. The wiring diagram marking specified in 73.8 shall be provided.

Exception No. 2: For a unit with more than one supply circuit, the ground-fault circuit interrupter need not
protect both circuits if the wiring diagram marking specified in 73.9 is provided.

42.4 A ground-fault circuit-interrupter shall open all ungrounded and grounded (neutral) conductors in
the circuit.

Exception: When the unit is permanently connected (not cord-connected or convertible), the ground-fault
circuit-interrupter need not open the grounded conductor.
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42.5 A control intended to power or switch an underwater luminaire shall include a ground-fault circuit-
interrupter to protect the underwater luminaire circuit.

Exception: A control intended to power or switch a field-installed underwater luminaire that complies with
UL 676, is not required to be provided with integral ground-fault protection. When integral GFCI protection
is not provided, the unit shall be marked in accordance with 75.3.4 or 75.5.2, as applicable, to indicate that
GFCI protection shall be provided in the field.

42.6 In a control or in an equipment assembly, intended to control field installed underwater lighting, the
conductors on the load side of the ground-fault circuit-interrupter provided to protect an underwater lighting
circuit shall not occupy boxes or enclosures containing other conductors unless the additional conductors

are also prot

cted by a ground-fault circuit-interrupter.

Exception: G
underwater ||
conductors a
permanent sf

42.7 An eng
side of a grod
lighting circui

lonductors on the load side of a ground-fault circuit-interrupter provided’ t
ghting circuit may occupy the same boxes or enclosures as other|,cond
‘e separated by a barrier or if the conductors are segregated, routed, .or secur
acing from all other insulated or uninsulated live parts.

losure for a control or equipment assembly that contains terminals or conducton
nd-fault circuit-interrupter provided to protect the field-installed conductors of a
I shall be marked as specified in 75.3.3 or 75.5.1, as-applicable, to indicate

conductors shall not occupy conduit, boxes, or enclosures with the /conductors of other circy

other conduc
42.8 Agrou
43 Pump S

431
and body ent
opening requ

ors are also on the load side of a ground-fault cireuit-interrupter.
hd-fault circuit-interrupter test button shall be‘accessible without the use of tools

hut-Off Devices

Vacuum-sensing or pump shut-off devices (and systems) are not to be relied upon to

rapment. These devices are ¢onsidered to supplement and serve as backup t
rements as specified in 40.10.

43.2 Vacuum-sensing or pump.shut-off devices (and systems) shall be evaluated to ens

presence dosg

43.3 Thein
for such devi
systems.

s not introduce afrisk of fire, electric shock, and/or injury to persons.

stallation inStructions and operation manuals (including marketing brochures a
ces shalhhot make the claim (explicit or implied) that these are lifesaving de

43.4 Thein

b protect an
uctors if the
bd to provide

s on the load
h underwater
that the field
its unless all

prevent hair
b the suction

ire that their

nd literature)
vices and/or

stallation instructions and npnrnﬁnnnl manual of prnr’llmfe nqnippnd with vacul

m-/pressure-

sensing devices are not prohibited from being marked with other performance-related claims when these
claims can be objectively verified.

43.5 When provided, such devices and/or systems shall be identified as part of the configuration sheet
as required by 76.12.

44 Audio/Video Components

44 1

Audio/video components shall not be accessible to the occupant as defined in 4.3.

Exception No. 1: Audio components (such as a radio, cassette player, CD player) may be located within 5
feet (1.52 m) of the tub water, when:

a) The component(s) do not present a risk of electric shock as defined in 4.34; or
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b) The component(s) are equipped with barriers (or the equivalent) so that the user will need to exit
the spa to actuate the controls and the maximum output voltage of the transformer or power supply
(as referenced in 32.4) regardless of load with rated input applied, shall not be greater than 30 volts
for continuous DC, or 15 volts for sinusoidal AC; or

¢) The component(s) are equipped with interlock switch(es) where, by opening the covers, doors,
or similar parts to operate the unit, the component presenting a risk of electric shock is de-
energized. The interlock switch shall be located in a manner where it is not likely to be defeated by
the user. Additionally, there shall be no reference to the presence of the interlock switch in the user
and/or operation manual.

Exception No. 2: Speakers may be located within 5 feet (1.52 m) of the tub water, when the construction
complies with (a) — (h). See Figure 44.1.

Copyright Underwriters Laboratories Inc.
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speaker cone (diaphragm), spider, surround and dust cap is of a nen-porgus polymeric

ial,
baker terminals are enclosed or otherwise sealed to prevent water.from contacti

b speaker coil is enclosed or potted,

p speaker grille is not removable without the use*of tools,

f) Thg speaker grille has a minimum flammability-of HB,

g) Th
speci

fied in Figure 12.1, and

h) The frame or basket is either(polymeric that complies with a and f above or is
complies with Resistance to Gorrosion, Section 14.

ng them,

e speaker grille complies with the barrier requirements specified in 9.3.5. After the impact
fied in Test for Resistance to Impact, Section 59 the\grille shall continue to ¢omply with g
below,

2 speaker grille renders the speaker.cone, surround and dust cap inaccessible to the probe

of metal that
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Figure 44.1

Cross Section of Speaker Driver (Grille Removed)
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44.2 Doors,|covers, or similar parts serving.as barriers or providing weather protection shall be of self-
closing type.

44.3 A vide¢ component such as.a’television shall be located behind a permanent barrier(s)|that requires
use of a tool(§) to access the cotmponent. The barrier(s) shall serve as a secondary electricallenclosure to
completely enclose the video-component.

44.4 A vided componentshall not have any controls accessible to the occupant.

Exception: A tontrol. may be accessible to the occupant when it does not present a risk of elegtric shock as
specified in 4)34,and complies with the Available Current Test, Section 47.

44.5 Wireless remote controls provided to operate the audio/video components shall:
a) Not present a risk of electric shock as determined by the Available Current Test, Section 47;
b) Be provided with two independent layers of electrical and mechanical isolation; or

c) Operate on 4.5 VDC or less.

44.6 A barrier(s), as required in 44.3, shall comply with the nonmetallic enclosure requirements in 9.3.1,
9.3.3, and 9.3.5. In addition:

a) The inside surface of the secondary enclosure shall be spaced not less than 1/2 inch (12.7 mm)
from the primary enclosure;
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b) The enclosure shall not be less than 3/16 inch (4.8 mm) thick;

¢) The enclosure shall be constructed and mounted so that the possible mechanical abuse to which
it will be subjected to during normal use is minimized; and

d) The enclosure shall comply with the applicable Structural Integrity Tests, Section 65.

Exception: Small parts that are unlikely to be subjected to the loading effects anticipated by the Structural
Integrity Tests shall be subjected to the Test for Resistance to Impact, Section 59.

44.7 Audio/video components shall be located above the "flood zone", where they are unlikely to be
submerged in the event the spa is overfilled (or similar abnormal condition occurrence).

44.8 The Iq
ensure that
Water Expo
speaker con

44,9 No pr
headphones

Exception N
when they @
Current Test,

Exception N
when the con

4410 Audip/video components shall be identified as part of the configuration sheet as requ
4411 Any exposed dead metal used.as’part of the audio/video system or supporting stru
bonded to thé equipment grounded cenductor.

PERFORMANCE

45 Genera

45.1 All tegts shall-be conducted with the unit connected to a supply circuit of rated fr
voltage indicgted\in'Table 45.1.

cation, orientation, and intended use of the audio/video components shall| be

s, openings that may be created as a result of a moving component; er the like.

bvision shall be provided for connecting auxiliary components,*Such as additio
external antennae, cable providing radio or TV signals, or_similar components.

b. 1: Headphones, internal antennae, or similar dévices may be provided wi
0 not present a risk of electric shock as specified in 4.34, and comply with
Section 47.

. 2: A spa may have provision for connecting portable battery powered audio,
necting mechanism meets the requirements of 44.1.

evaluated to

hey do not adversely affect the safety of other electrical components as’ detefmined by the
ure Test, Section 57. Examples include, but are not limited to, wWater dripy

ing from the

hal speakers,

h the system
the Available

video players

red by 76.12.

cture shall be

bquency at a

Table 45.1
Test Voltages

Rated voltage of appliance Test voltage

1. A single volt
220 - 240.

the ranges of (

3. A single volt

the ranges of (

2. Arange of voltages, the highest of which falls within one of

4. A range of voltages, the highest of which is not within one of

age within any of the nominal ranges: 110 — 120,
The highest voltage of the nominal range

The highest voltage of the nominal range

1).

age, not within any of the ranges of (1). The rated voltage

1). The highest voltage of the rated range
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452 A permanently connected unit, or a convertible unit when tested for permanent connection, shall be
connected to the supply using copper conductors sized in accordance with Table 16.2.

45.3 A cord-connected unit or a convertible unit when tested for cord connection shall be connected to a
supply circuit corresponding to the rating of the attachment plug.

454 The supply specified in 45.2 shall be protected by a branch-circuit protective device with a rating
equal to 125 % of the ampere rating of the unit or, when 125 % of the ampere rating of the unit exceeds a
standard branch circuit protector ampere rating, the next higher-sized device is to be used. Standard
branch circuit protector ratings are indicated in Table 16.2. The supply specified in 45.3 shall be protected
by a branch-circuit protective device sized to correspond to the ampere rating of the attachment plug.

455 The tepts for an assembly will require connection to a test tank by means of nonfetlallic pipe no
more than 5 ffeet (1.72 m) long and no smaller in diameter than the inlet and outlet(pipée {ittings of the
assembly. The test tank shall hold from 200 to 300 gallons (757 to 1136 L) and the water shall be at least
20 inches (508 mm) deep. Inlet and outlet pipes shall be separated at the tub at.least 2 fdet (610 mm)
laterally. In addition, an assembly construction that is to be subjected to thevbeakage Cdrrent Test in
Water, Sectioh 58, shall be tested as described in 58.4.

46 Leakagq Current Test

46.1 A cord-connected unit and a convertible unit shall be~subjected to a leakage current test in
accordance With 46.2. The results are in compliance whenithe leakage current does nof exceed 0.5
milliampere.

46.2 The lepkage current is to be measured through*a 500 ohm noninductive resistor in parallel with a
0.45 microfarpd capacitor connected between the grounded side of a power supply circuit apd the part to
be tested with the outer enclosure of the unitinsulated from ground. The supply voltagé¢ is to be in
accordance with Table 45.1. The measuremeént is to be made with the unit operating, apd again not
operating.

46.3 Leakage current refers to allcurrents, including capacitively coupled currents, that may be
conveyed befween exposed conductive surfaces of a unit and ground or other exposefl conductive
surfaces of a unit.

46.4 All exposed conduetive surfaces are to be tested for leakage currents. The leakage ¢urrents from
these surfacgs are to-bé measured to the grounded supply conductor individually as well as collectively
where simultaneously-accessible and from one surface to another where simultaneously aci}ssible. Parts

are considergd to_be exposed surfaces unless guarded by an enclosure considered to reduge the risk of
electric shocK as.defined in 14.1. Surfaces are considered to be simultaneously accessible
be readily contacted by one or both hands of a person at the same time.

en they can

46.5 The measurement circuit for leakage current is to be as shown in Figure 46.1. The ideal instrument
is defined in (a) — (c). The meter that is actually used for a measurement need only indicate the same
numerical value for a particular measurement as would the defined instrument. The meter used need not
have all the attributes of the defined instrument.

a) The meter is to have an input impedance as indicated in 46.2.

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) equal to the ratio of the impedance of a 500
ohm resistor shunted by a 0.45 microfarad capacitor to 500 ohms. At an indication of 0.5
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milliampere or 3.5 milliamperes, the measurement is to have an error of not more than 5 % at 60
hertz.

Figure 46.1

Leakage-Current Measurement Circuits

PRODUCT METER
AS1AY
S1 5—< INSULATIN
— TABLE

GROUNDED SUPPLY CONDUCTOR B

120v

<Y

1C100

Product intended for connection to a 120-volt power supply.

s2 PRODUCT METER
120V |_ l_‘
fo O
120V |_
= GR
St } ; INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

1C200

Product intended for connection\to a 3-wire, grounded-neutral power supply

J)_|52

120V
4aov <'—L)_O%
120V c—l
< % INSULATIN
- TABLE

GROUNDED SUPPLY CONDUCTOR B

(2]

€300

Product intended for connection to a 3-wire, grounded-neutral power supply.
A — Probe with a shielded lead.

B — Separated and used as a clip when measuring currents from one part of a product to another.
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46.6 A sample of the unit is to be tested for leakage current in the as-received condition without prior
energization and under conditions of maximum normal operating temperatures. Each test is started with all
switches closed and with the grounding conductor open. The supply voltage is to be adjusted to rated
voltage. The test sequence, with reference to Figure 46.1, is to be as follows:

a) With switch S1 opened, the unit is to be connected to the measuring circuit. Leakage current is
to be measured using both positions of switch S2 and with the unit switching devices in all intended
operating positions.

b) Switch S1 is then to be closed, energizing the unit, and within a period of five seconds the
leakage current is to be measured using both positions of switch S2 and with the switching devices
in all their intended operating positions.

c) Leelkage current is to be monitored until thermal stabilization is reached as in.the
test.

temperature

46.7 In modt cases, the complete leakage current test program described in, 46:6 shall Qe conducted

without interrliption for other tests.

th the concurrence of those concerned, the leakage current\tests may be interqupted for the
nducting other nondestructive tests.

Exception: W
purpose of cd

47 Available Current Test

471 The ay
the occupant
4.34 during a

47.2 The in
ohms. As an
and the avall
ohms.

47.3 The a\
a) Any

b) An
condu

c) Any

ailable current (isolated or ground-referenced)\from a live part or circuit that is
or in contact with water shall not exceed the-limits for a risk of electric shock a
ny mode of operation when measured as described in 47.2 — 47.5.

strument used for this test shall be a milliampmeter having an internal impeq
alternative, a 500-ohm nonindugctive resistance may be connected between th
hble current calculated by dividing the voltage drop measured across the resis

ailable current is tosbe'measured between:
two live parts accessible to the occupant of the spa;

y live paft’-accessible to the occupant of the spa and the supply equipme
ctor;

live part accessible to the occupant of the spa and the water;

accessible to
5 specified in

ance of 500
b test points,
ance by 500

nt grounding

d) (When the live parts are in contact with water) the water and the supply grounding conductor;

and

e) Any two points on a control accessible to the spa occupant. The outer layer of a membrane

switch

shall not be relied upon for mitigation of the risk of electric shock.

47.4 With regard to the requirements in 47.2, any enclosure, barrier, or insulation used to isolate the live
part or circuit from the occupant is to be disregarded and removed unless the enclosure, barrier, or
insulation complies with 13.6.

47.5 The measurements are to be made with the spa insulated from ground. Water in the spa is to have
a resistivity of 300 ohm-centimeters. Current available from the water is to be measured to a copper
electrode plate having dimensions approximately twice the internal diameter of the largest pipe through
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which the water circulates in the spa. The electrode is to be placed 1 inch (25.4 mm) from the inside wall of
the spa shell directly over each water discharge and water pick-up port, one at a time.

47.6 The testis to be conducted with the controls adjusted to the most adverse condition.
48 Insulation Resistance Test

48.1 A permanently connected hot tub or spa and an assembly shall have an insulation resistance
between live parts and noncurrent-carrying metal parts of not less than 250,000 ohms as determined by
the use of a megohmmeter providing a test potential of 500 volts DC.

49 Startin

-

49.1 A unit[shall operate as intended when connected to a supply protected by a Class H|or equivalent
fuse having an ampere rating in accordance with 45.4. The fuse shall not open and.an overload protector
(when provided as part of the unit) shall not trip.

Exception: A time-delay fuse may be used when the unit operates normally when protected by a time-
delay fuse and is marked in accordance with 73.5.

49.2 In a tgst to determine whether a unit complies with the requirement in 49.1, the unit i to be started
three times, with the unit at ambient temperature at the beginning of the test. Each start of the motor is to
be made under conditions representing the beginning of\intended operation (the beg|nning of the
operating cy¢le in the case of an automatic unit) and the motor is to be allowed to come to|rest between
successive slarts.

50 Power Input Test

50.1 The clirrent input to a unit shall not bé\more than 110 % of the rated value in any modg of operation
of the unit, with any controls adjusted for miaximum current input when the unit is connectgd to a supply
circuit as spdcified in 42.1.

51 Leakagpg Current Test or Ihsulation Resistance Test Following Humidity Conditioning

51.1 A unitjshall complywith the requirements for leakage current in 46.1 or insulation resistance in 48.1,
following exposure for48-hours to air having a relative humidity of 88 +2 % at a temperatune of 32 +2 °C
(90 £4 °F).

51.2 To defermifie whether a hot tub or spa complies with the requirements in 51.1, a sgmple is to be
heated to a j i i oisture during

conditioning. The heated sample is to be placed in the humidity chamber and conditioned for 48 hours
under the conditions specified in 51.1. Following the conditioning, the sample is to be tested unenergized
as described in 46.6(a), or in 48.1, as appropriate. The sample is then to be energized and tested as
described in 46.6(b) or 46.6(c), or in 48.1, as appropriate. The test is to be discontinued when the leakage
current stabilizes or decreases.

51.3 A subassembly containing only electrical parts of a hot tub or spa may be used for this test.
52 Dielectric Voltage-Withstand Test

52.1 While at the maximum operating temperature reached during intended use, each unit shall be
subjected to the application of a 60 hertz potential as specified in Table 52.1. The test transformer shall
have a capacity that is 500 volt-amperes or larger and an output voltage that is essentially sinusoidal. The
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applied potential is to be increased gradually from zero to the required test value, and then is to be held at
that value for 1 minute. The result is in compliance when there is no dielectric breakdown.

Table 52.1
Dielectric Voltage-Withstand Test
Applied between Potential (volts)
Live parts and grounded metal (1000)
Transformer primary and secondary (2500)
Accessible dead metal and live parts, grounded metal, and (1000?)
transformer seg Ly
Tub/skirt material used in lieu of spacings as specified in 13.4 (1000°)
and 13.5
@ For a Class 2 pecondary transformer operating at 30 V (42.4 V Peak) or less, the test potential is 500 V.
® Applied acros$ actual thickness of material being used.

53 Temperature Test

53.1 A unit ghall be subjected to the temperature test described in/63.2 — 53.10 under the [conditions of
maximum int¢nded load as described in 45.1 — 45.4 and 50.1. The)temperature at any poin shall not be
sufficiently high to constitute a risk of fire or to damage any material used in the unit, and the maximum
temperature at specific points shall be no higher than the temperatures specified in Table 53.1.

Table\53.1
Maximum-Temperatures

Materials and comiponents °C (°F)

A. MOTORS

1. Class 10% insulation systems on coil windings of an AC motor having a diameter of 7 inches
(178 mm) ot less, not including a universal motor, and of a vibrator coil®

a. In anopen motor and on a yibrator coil:
Thefmocouple or resistanée method 100 (212)
b. In a t¢tally enclosed‘motor:
Thefmocouplég or resistance method 105 (221)

2. Class 10% insulation systems on coil windings of an AC motor having a diameter of more than
7 inches, offa D€ wiotor, and of a universal motor®

a. In an openmotor:

Thermocouple method 90 (194)

Resistance method 100 (212)
b. In a totally enclosed motor:

Thermocouple method 95 (203)

Resistance method 105 (221)

3. Class 130 insulation systems on coil windings of an AC motor having a diameter of 7 inches
or less, not including a universal motor®

a. In an open motor:

Thermocouple or resistance method 120 (248)

Table 53.1 Continued on Next Page
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Table 53.1 Continued

c. Class 130 insulation systems:

Materials and components °C (°F)
b. In a totally enclosed motor:
Thermocouple or resistance method 125 (257)
4. Class 130 insulation systems on coil windings of an AC motor having a diameter of more than
7 inches, of a DC motor, and of a universal motor®
a. In an open motor:
Thermocouple method 110 (230)
Resistance method 120 (248)
b. In a tetaly-enclosed-metor:
Thgrmocouple method 115 (239)
Registance method 125 (257)
5. Class 155 insulation systems on coil windings of an AC motor having a diameter of 7 inches
or less, notjincluding a universal motor®
a. In arf open motor:
Thgrmocouple or resistance method 145 (293)
b. In a fotally enclosed motor:
Thdgrmocouple or resistance method 150 (302)
6. Class 155 insulation systems on coil windings of an AC motor having a diameter of more than
7 inches, of a DC motor, and of a universal motor?
a. In arf open motor:
Thgrmocouple method 135 (275)
Registance method 145 (293)
b. In a fotally enclosed motor:
Thgrmocouple method 140 (284)
Redistance method 150 (302)
B. COMPONENTS
1. Capacitdrs
a. Elecfrolytic® 65 (149)
b. Othdr types® 90 (194)
2. Fuses
Class ¢, J, L, T, and CC:
Tube 125 (257)
Fertule-or blade 110 (230)
Others? 90 (194)
3. Relay, solenoid, and coils (except motors and transformers) with
a. Class 105 insulation system:
Thermocouple method 90 (194)
Resistance method 110 (230)
b. Class 120(E) insulation systems:
Thermocouple method 100 (212)
Resistance method 120 (248)

Table 53.1 Continued on Next Page
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Table 53.1 Continued

Materials and components °C (°F)
Thermocouple method 110 (230)
Resistance method 130 (266)

d. Class 155(F) insulation systems:
Thermocouple method 130 (266)
Resistance method 140 (284)

4. Sealing compound®

5. Transformers

See footnote e

The

b. Clas
The

Res

The

d. Clas

The

Res

C. CONDUCT(
1. Rubber-

2. Copper ¢

a. Tinng

i. A

i. A

b. Plate

3. Terminati
nickel coate

D. ELECTRICA
1. Fiber use

2. Phenolic

a. Clasg 105 insulation system:

mocouple method

ResItance method

120(E) insulation system:
mocouple method

stance method

c. Clasg 130 insulation system:

mocouple method

ReSJstance method

155(F) insulation system:

mocouple method

stance method

RS

r thermoplastic-insulated wires and cords?
bnductors

d or bare strands having:

iameter less than 0.015 inch (0.38 mm)

Hiameter of 0.015 inch or.mere

H with nickel, gold, silver/or a combination of these

bn of copper conductor in a pressure terminal connector unless both are tinned,
d, or silver plated

L INSULATION — GENERAL

[ as.eléctrical insulation

Composition used as electrical insulation or as a part the deterioration of which could

E. SURFACES

a. Metal

result in a risk of fire or electric shock
a. Laminated

b. Molded

3. Varnished-cloth insulation

SUBJECT TO CONTACT AND USER MAINTENANCE

1. Handles or knobs that are grasped for lifting, carrying, or holding

lick

b. Nonmetallic’

2. Handles or knobs that are contacted but do not involve lifting, carrying, or holding; other
surfaces that are subject to contact and user maintenance

9d (194)
100 (212)
100 (212)
120 (248)
110 (230)
120 (248)
130 (266)
140 (284)
60 (140)
150 (302)
200 (392)
250 (482)
150 (302)
90 (194)
125 (257)
150 (302)
85 (185)
50 (122)
60 (140)
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Table 53.1 Continued

Materials and components °C (°F)
a. Metallic’ 60 (140)
b. Nonmetallicf 85 (185)
3. Surfaces other than a heating function surface and known to be hot due to proximity to a
heating function surface
a. Metallic’ 70 (158)
b. Nonmetallicf 95 (203)
F. OTHER
1. Wood aneretherecembustibte-materiat 96 (194)
2. At any part within a terminal box or wiring compartment of a permanently connected unit9 60 (140)
3. A surfacg upon which a stationary unit may be mounted in service, and surfaces that may be 90 (194)
adjacent to|the unit when so mounted

@ At a point on
means of a thg
the resistance
the specified v,

he surface of a coil where the temperature is affected by an external source of heat; the/temperaturg
rmocouple may be more than the maximum temperature specified in this table if the temperature, ag
method, is not more than that specified. The temperature measured by means,of a thermocouple m3
blue by:

b measured by
measured by
y be more than

d

® For an electr
material integr

¢ A capacitor tH

C (9 °F) for Class 105 insulation systems on coil winding of alternating-current motors, open type; an

lytic capacitor that is physically integral with or attached.toa motor, the maximum temperature on in
bl with the capacitor enclosure shall not be more than/0-°C (194 °F).

at operates at a temperature of more than 90 °C (194 °F) may be investigated on the basis of its ma

°C (18 °F) for Class 130 or Class 155 insulation systems on coilwindings of alternating-current motg

rs, open type.

pulating

rked

temperature linit.

4 A component
that temperatuy|

that has been investigated and determined-ta function without risk of fire at a higher temperature mg
Fe.

y be used at

¢ Unless a ther]
the softening p

mosetting material, the maximum temperature of the sealing compound shall not be more than 15 °(
oint of the compound as determined-by ASTM E28, when corrected to a 25 °C (77 °F) ambient temp

(27 °F) below
erature.

fFor a surface h (0.127 mm)

or less, the no
9See 16.2.6.

made of a material (other than'metal) that is plated or clad with metal having a thickness of 0.005 ing
metallic surface maximum temperature limits are to be applied.

53.2 A com
requirements
external sou
spa, may beg
temperatures

ponent of-a‘unit that has been tested individually to determine compliance with temperature
need not'be tested again unless it is further enclosed in the application or ig subjected to
ces of-heat in the application. Such components, although further enclosed ip a hot tub or
subjected to a limited investigation to determine the effect of the enclospre on those

53.3 Coil or winding temperatures are to be measured by thermocouples unless the coil is inaccessible
for mounting of these devices (for example, a coil encapsulated in sealing compound) or unless the coil
wrap includes thermal insulation or more than two layers, 1/32 inch (2.4 mm) maximum, of cotton, paper,
rayon, or the like, in which case the change-of-resistance method may be used. For a thermocouple
measured temperature of a coil of an alternating-current motor (other than a universal motor) having a
diameter of 7 inches (178 mm) or less (items 8 and 20 in Table 53.1), the thermocouple is to be mounted
on the integrally applied insulation on the conductor.

53.4 The temperatures specified in Table 53.1 are based on an assumed ambient temperature of 25 °C
(77 °F). However, the test may be conducted within the range of 20 — 30 °C (68 — 86 °F) if the temperature
is corrected to 25 °C. When a corrected temperature exceeds the value specified in Table 53.1, the test
may be repeated at an ambient temperature closer to 25 °C at the request of the manufacturer.
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53.5 When the unit incorporates a reel for the power supply cord, one-third of the length of the cord is to
be unreeled for the temperature test.

53.6 Temperatures, other than as noted in 53.3, are to be measured by thermocouples consisting of
wires not larger than 24 AWG (0.21 mm?) and not smaller than 30 AWG (0.05 mm?). When thermocouples
are used in determining temperatures in electrical equipment, it is standard practice to employ
thermocouples consisting of 30 AWG iron and constantan wire and a potentiometer type instrument; and
such equipment will be used whenever referee temperature measurements by thermocouples are
necessary. The thermocouples and related instruments are to be accurate and calibrated. The
thermocouple wire is to conform with the requirements for Special Tolerances thermocouples as listed in
the Tolerances on Initial Values of EMF versus Temperature tables in ASTM E230/E230M. The
thermocouples are to be waterproof when they are immersed in water during testing.

53.7 A thermocouple junction and the adjacent thermocouple lead wire are to be held-in|the

brmal contact

with the surface of the material whose temperature is being measured. In most cases, thermal contact will

result from tgping or cementing the thermocouple in place but, if a metal surface’is involve
soldering the thermocouple to the metal may be necessary.

53.8 Unlesg the unit is obviously not intended for continuous operation,_this test will be cg
constant temperatures are attained. Thermal equilibrium is considered\to exist when thre
readings taken at intervals of 10 % of the previously elapsed duration of the test, but not less t
intervals, indigate no change.

53.9 The water temperature in a hot tub or spa (or in actest tank for an assembly) at th
temperature test shall be ambient room temperature.

53.10 The negulating control shall be set at maximum, and the unit is to be operated {

d, brazing or

ntinued until
B successive
han 5 minute

b start of the

ntil constant

temperatures|are attained. Any blower shall not be-0Operating and any air induction control shall be closed
during the test to determine maximum water temperatures, but shall be operating during the normal
temperature test. A blower that heats the water, if provided, shall be operating during the entirg test.

53.11 Fora
operated unti
control shall

the test shall
setting.

2 unit is to be
he regulating
Is the water,
aximum heat

spa that heats the water;.the regulating control shall be set at maximum, and th

constant temperatures-are attained. For a cold tub that only cools the water, t
pe set at the minimum water temperature setting. For a spa that heats and coq
pbe conducted withthe regulating control at minimum cool setting and again at m

53.12 Any Qlower-shall not be operating and any air induction control shall be closed duri
determine maximum water temperatures, but shall be operating during the normal tempe
blower that hiats the water, if provided, shall be operating during the entire test.

54 Water Temperature Test

g the test to
:[ature test. A

54.1 To determine compliance with 37.1, the unit is to be operated as described in the Temperature Test,
Section 53. Results are in compliance when:

a) The maximum water temperature at any suction fitting or skimmer does not exceed 43 °C
(109 °F);

b) The maximum water temperature at any water inlet to the tub does not exceed 50 °C (122 °F);
¢) The temperature-limiting control does not operate; and

d) For spas that cool the water, while in cool mode set to lowest (coldest) setting, the water
temperature shall not be lower than that of the minimum setting on the user control.
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54.2 An assembly is to be tested under the most severe conditions of use based on the manufacturer's
installation instructions. Factors to be considered include length of pipe between assembly and tub, size of
pipe, and size and type of tub. This may necessitate that more than one test construction be provided.

54.3 Testing shall take into consideration any effects on flow due to filter loading.

54.4 The maximum water temperatures specified in 54.1(a) assume the temperature-regulating control
is operating at the highest temperature allowed by its operating tolerance.

55 Abnormal Water Temperature Tests

55.1 Temp

55.1.1 To determine compliance with the temperature requirement in 38.1, the unit-is. 10 b¢ operated as
described in [the Temperature Test, Section 53, beginning at the maximum water temperature recorded in
the water temperature test described in 54.1 and with the regulating control shunted so|that the limit
control will be the only device in the circuit that will limit the temperature of the-water. The|results are in
compliance when the temperature of the water at any inlet to the tub does net exceed 50 °C ({122 °F).

55.2 Kinetic heating test

55.2.1 While at the maximum water temperature from the water temperature test described in 54.1, a
unit covered|as specified in 55.2.2, shall be operated circulating water at the maximum flow rate without
the heater operating until thermal equilibrium as defined in“53.8 is attained or until ultimate results occur.
Any blower ghall not be operating and any air induction‘eontrol shall be closed. A blower that heats the
water (when|provided) shall be operated. The results‘are in compliance when the water a{ any tub inlet
does not exceed 50 °C (122 °F).

Exception: This test is not required to be conducted when the unit is provided with high-limit circuitry for
de-energizing the heater in the event the-water temperature exceeds 50 °C and when, jn addition to
shutting off power to the heater, the high=limit circuitry also shuts off power to all pumps.

55.2.2 Thelcover used in the test'described in 55.2.1 shall be 3-inch (76.2-mm) thick foamed polystyrene
applied to coyer completely the top surface of the spa or test tank, as applicable.

55.2.3 For the purpase of conducting the test specified in 55.2.2 and 55.2.3, all time-ouf features not
considered t¢ be reliable are to be bypassed.

56 Motor Arotector Test

56.1 General

56.1.1 Ordinarily, a motor provided with inherent over-temperature protection complying with the
requirements in UL 2111; UL 1004-3; or UL 1004-7 and impedance-protected motors complying with UL
2111, or UL 1004-2; are considered to comply with requirements in 56.1.1 — 56.5.2 without the necessity of
further tests unless the impedance protected motor is subjected in the appliance to some condition, such
as restricted ventilation, proximity to an external source of heat, and the like.

56.2 Temperature

56.2.1 When the motor is operating with the maximum load it can carry without causing the protective
device to operate, the temperature on a Class 105 insulated motor winding shall not exceed 140 °C
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(284 °F); the temperature on a Class 130 insulated motor winding shall not exceed 165 °C (329 °F); and
the temperature on a Class 155 insulated winding shall not exceed 190 °C (374 °F)

Exception: This requirement does not apply to a motor moving air only by means of a fan or blower directly
attached to the motor shatt.

56.3 Locked rotor protection

56.3.1 When the rotor of a motor is locked, the temperature on the windings of the motor shall not
exceed the value specified in Table 56.1. The average temperature is to be determined by taking the
arithmetic means of both the minimum and maximum temperatures.

Table 56.1
Maximum Temperatures During Locked-Rotor Test

Maximum Average
Class 105 Class 130 Class 155 Class 105 Class 130 Class 155
insulation, insulation, insulation, insulation, insulation, insulation,

°C (°F) °C (°F) °C (°F) °C €F) °C (°F) °C (°F)
During first houf of 200 (392) 225 (437) 250 (482) - - - - - -
operation

=

After first hour g
operation

175  (347) | 200 (392) | 225 (437)p 150 (302) | 175  (347) | [200  (392)

56.3.2 Temperatures are to be measured by thermocouples on the surface of coils of the motor. During
the test, the motor is to be connected to a supplycircuit of the voltage specified in 45.1. The test on a
motor having|a manually reset device is to be centinued for four operations of the protectivg device, with
the device beging reset as quickly as possiblé_after it has opened. For a motor having an gutomatically
reset device,|the locked rotor test is to pe-continued for 72 hours unless the appliance irjcludes other
controls, suclh as a timer, that will positively and reliably limit the duration of the operation| to a shorter
interval.

56.4 Endurance

56.4.1 Whep a motor having an automatically reset thermal protector is tested as described in 56.4.2,
there shall bel no permanent damage to the motor including excessive deterioration of the insulation, and if
the device pgrmanently opens the circuit, it shall do so without grounding to the motor fram¢, damage to
the motor, or |ntroduction of a risk of fire.

56.4.2 For the test specified in 56.4.1, the rotor of the motor is to be locked and the motor is to be
connected to a supply circuit having a voltage of 100 — 110 % of the rated voltage of the motor. The results
are in compliance when the protector of the motor performs successfully for 15 days.

Exception: The test is to be terminated when the appliance includes other controls, such as a timer, that
will limit the operation to a shorter interval or when the device permanently opens the circuit prior to the 15
day expiration.

56.4.3 A manually-reset thermal protector of a motor shall interrupt, for 50 operations without damage to
itself, the locked rotor current of the motor for which it is intended when operated with the motor connected
to a supply circuit having a voltage of 100 — 110 % of the rated voltage of the motor. The protector is to be
re-closed as quickly as possible after opening the circuit. The results are in compliance when there is no
permanent damage to the motor.
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56.5 Limited short circuit

56.5.1 There shall be no ignition of cotton surrounding the enclosure of a thermal protector of a motor
when subject to limited short-circuit currents as described in 56.5.2.

56.5.2 Three samples of the device are to be subjected to limited short-circuit currents. For a motor rated
1/2 horsepower (373 W) or less and 250 volts or less, the current is to be 200 amperes. For a motor
having other ratings, but not more than 1 horsepower (746 W), the current is to be 1000 amperes. The
power factor of the test circuit is to be 0.9 — 1.0, and the circuit capacity is to be measured without the
device in the circuit. A Class K5 nonrenewable cartridge fuse is to be connected in series with the device
under test. The fuse rating is to be no less than four times the rated current of the appliance but no less

than 20 amp

ares for a unit rated 150 volts or less and no less than 15 amperes for a unit ra

ed more than

150 volts. Th
57 Water E
57.1 Gene
57.1.1

The results
Withstand Te

Resistance Test, Section 48.

Exception: A
57.1.2 As¢g

57.1.3 Inth
In the tests s

57.2 Splas

57.2.1 A hg
of the periph
entrance poi
tub or spa b
(25.4 mm) ov
the enclosur
provided ove

A unit shall be subjected to splashing, seal damage, reverse siphoning, and simu

xposure Test

al

are in compliance when, after each test, the unit complies with the Diele
st, Section 52, and the Leakage Current Test, Section 46, or, if appropriate,

unit marked for indoor-use only is not requiredte’be subjected to the water expg
parate sample may be used for any water'exposure test.

e tests specified in 57.2.1 — 57.3.2;'the water is to have a resistivity of 300 ohny
becified in 57.4.1, the water is to have a resistivity of 2540 ohm-centimeters.

hing

t tub or spa shall be-subjected to the pouring of 20 gallons (75.7 L) of water ov
ery of an enclosure containing openings or cover seals or cord, conduit, and
nts. The test shall be conducted to simulate the splashing of water over the ed
y locating-an~open top container holding 20 gallons of water such that the ¢
tside of the inner walls of the tub and tipped to permit the water to pour over the
b, conforming as closely as possible to the enclosure surface. When an en
r allof the components, as for a hot tub or spa intended for recessing in the gr

floor, the test

e test on one sample is to be conducted by closing the device on the short circuit.

lation of rain.
ctric Voltage-
the Insulation

sure test.

-centimeters.

Er any portion
control shaft
pjes of the hot
dge is 1 inch
outer walls of
tlosure is not
pund or in the

shall be conducted on a unit constructed in the manner in which it leaves the fad

tory.

57.2.2 The testis to be conducted with the unit operating, and repeated with the unit not operating.

57.3 Seal test

57.3.1

A pump not previously so investigated shall be tested to determine the effect of operation with a

shaft seal in a severely deteriorated condition. One of the following two methods is to be used:

a) The pump is to be operated dry for 7 hours after which it is to be operated for 1 hour under
intended operating conditions.

b) For pumps with seals that can be so treated, the seal face may be scored with a triangular file to
the depth of 1/16 inch (1.6 mm) in two locations and, after reassembly, the pump is to be operated
for 7 hours.
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57.3.2 After being subjected to one of the two tests in 57.3.1, the unit is to stand for 1 hour to permit
water leakage and then is to be tested as described in 57.1.1.

57.4 Simulated rain
57.4.1 A unit shall be subjected to simulated rain as described in 57.4.3 — 57.4.5.
Exception No. 1: A unit marked for indoor-use only is not required to be subjected to the simulated rain.

Exception No. 2: A hot tub or spa with no openings in the outer enclosure and no electrical components
mounted on the inside walls of the outer enclosure is not required to be subjected to the simulated rain.

57.4.2 The unitis to be oriented so as to promote the wetting of insulation and live partsyAll motors shall
be operating gluring the test.

57.4.3 The Unitis to be subjected to 4 hours of a water spray adjusted to be approximately the equivalent
of a beating fain. The water to be used for the test shall have its resistivity adjusted (before the test is
started) to cqmply with 57.1.3. At the conclusion of the test, the resistivity, of the water shall be within
110 % of the priginal value at 25 °C (77 °F).

57.4.4 The ppray is to be applied to the unit at an angle of 45°#0,the vertical with all nozzle pressures
maintained af 5 pounds per square inch (34.5 kPa).

57.4.5 The ¢quipment shall be as shown in Figure 57.1 and Figure 57.2.
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Figure 57.1
Simulated Rain Test Spray Head
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Figure 57.2
Simulated Rain Test Spray Head Piping
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58 Leakage Current Test in Water

58.1 A unit provided with an electric water heater and not equipped with leakage current collectors of a
type described in 19.2 shall be subjected to a condition of heater breakdown as described in 58.2. The
results are in compliance when the leakage current does not exceed 0.5 milliampere when tested in
accordance with 58.2 — 58.6.

58.2 For this test, the unit is to be supplied through an isolating transformer having the capacity to
provide rated voltage during the test. The test circuit is to be as shown in Figure 58.1 — Figure 58.3. The
impedance of the milliampmeter is not to exceed 500 ohms. As indicated in Figure 58.3, the ungrounded
line terminal (or both, if there are two) for the equipment is to be connected to one transformer lead while
the other transformer lead is to be connected to:

a) The enclosure ground terminal,
b) The neutral terminal, and

c¢) Ong side of the measuring circuit.

Figure 58.1

Hot Tub Electrode Location

> To Meter

77— Water Ports

Electrode

S1999
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Figure 58.2

Assembly Electrode Location

e 1 - To
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Meter
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o
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Figure 58.3

Connections in Panel

Ranel N L, N L,

Ungrounded __| —
Line Terminal
Equipment — T
Ground
Terminal ™ |
120V —

3 £

Meter
$2001

240-volt panel shown. For a 120-volt panel, eliminate L, and connect N to L, element terminal.
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58.3 The heating element is to be altered to meet the description given in Figure 58.4 so that
approximately 1 inch (25.4 mm) of the heating element conductor connected to each heater terminal is
exposed to contact with the water in the circulating system. The water is to have a resistivity of 300 ohm-
centimeters.

Figure 58.4
Altered Element

$2002

A — Element shgath length = 2 inches (50.8 mm);

B — Element corjductor exposure length = 1 inch<(25.4 mm).

58.4 Measirements made.in a hot tub or spa are to be made with the unit insulated fronm) ground. The
test tank used with an_assembily is to be of insulating material with any metal hardware ipsulated from
ground. The|connection of noncurrent-carrying metal to the equipment grounding terminal is not to be
disturbed, and any pretective devices are to remain in the circuit.

58.5 Waterlpipe connections between an assembly and the test tank are to be nonmetallic,Ino more than
5 feet (1.72 m) long, and of the same diameter as the water connections to the assembly.

58.6 The current flow is to be measured to a copper electrode plate having dimensions approximately
twice the internal diameter of the pipes through which the water circulates in the tub. The electrode is to be
placed 1 inch (25.4 mm) from the inside walls of the tub directly over each water discharge and water pick-
up port, one at a time, or 1 inch from the underwater point nearest to grounded metal that the occupant of
the tub can reach while the electrical components are energized. This setup is indicated in Figure 58.1 and

Figure 58.2.

58.7 An investigation of the construction of the unit is to be made to determine if the leakage current is
limited by:

a) Drainage to grounded metal;
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b) Impedance of the water path between the heater and the tub;
c¢) Protective devices in the circuit; or

d) A combination of any of these factors.
The reliability of these features for the anticipated life of the equipment is to be determined.
59 Test for Resistance to Impact

59.1 A spa shall withstand the impact described in 59.2 without:

a) Reducing spacings below the minimum values shown in Spacings, Section 26;

b) Making accessible to contact live parts and, for cord and plug connected units, dea
that atle separated from live parts by insulation only;

¢) Bregking, cracking, or rupturing to produce an adverse effect on the insulation; and

d) Producing any other condition that would increase the risk of electric shock.

Exception: A[spa complying with the minimum thicknesses specified in 9.3.2 and 9.3.5 is n(
be subjected fo this test.

59.2 The unitis to be subjected to an impact of 5 foot pounds (6.8 J) on any surface that is
blow during use. The impact is to be produced by dropping;a steel sphere, 2 inches (50.8 mm

d metal parts

t required to

exposed to a
) in diameter

and weighing| 1.18 pounds (0.54 kg), from the height'necessary to produce the specified inppact. Where

the impact cannot be produced on the desired surface by means of a vertical drop, the sy
swung as a pgndulum to produce the impact.

59.3 For products intended for indoor use. only, the impact specified in 59.2 shall be con
ambient temperature of 0 £2 °C (32 +£3.6:°F). For products intended for outdoor use, the im
conducted after the specimen has been in an ambient temperature of minus 35.0 +2 °C
+3.6 °F) for a{ least 3 hours.

59.4 In a determination of whether a handle, knob, or actuator complies with the requiremen
33.19, two samples are to be tested. These tests are to be conducted in addition to those req
and 59.2 and|before thé/splashing, rain, dielectric voltage-withstand, and leakage current test
becoming inoperative.is not an unacceptable result.

here can be

ducted in an
pact shall be
(minus 31.0

ts in 33.18 or
uired in 59.1
5. The switch

continue to

59.5 A sepagrate temperature indicating device provided in accordance with 37.4.1 shal

function properly after being dropped three times from a height of 3 feet (0.9 m) onto a concrete surface.
Testing shall be conducted with the test samples at the temperatures specified in 61.2.1. One drop shall
impact the temperature sensor of an electronic device. Proper function shall be determined with the unit
immersed in the intended manner.

60 Ozone Offgas Test

60.1 The ozone offgas test is to be conducted in a smoke-free, draft-free, non-ventilated, relatively
airtight insulated room which is maintained at 50 % relative humidity while at 20 — 30 °C (68 — 86 °F) for 30
minutes prior to the start of the test. The test room is to be approximately 1000 cubic feet (approximately 8
by 10 by 12 feet) with all interior surfaces covered with a material that does not react with ozone. The door
to the test room is to be sealed during the test.
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60.2 The spa to be tested is to be located in the approximate center of the test room and filled with tap
water to the level recommended by the manufacturer. A fresh water sample is to be used for each test.

60.3 Ozone test probes are to be located above any inlet that admits ozone into the spa, 6 inches
(152 mm) above the water surface and 6 inches from the side of the spa. One additional test probe is to be
located below the ozone generator. When the spa inlets that admit ozone cannot be determined by
examination, then the spa and the ozone generator are to be operated to maximize ozone offgas and a
sampling of all spa inlets is to be made the day prior to the ozone offgas test.

60.4 Ozone offgas is to be measured using an ozone monitor that takes at least 1 measurement every
30 — 45 seconds with a minimum range of 0.03 — 5.0 parts ozone per million parts air (PPM) increments

with an acc

acy within +5 %. All test equipment is to be located outside the test room an

the exhaust

from the mo
maintain the
calibrated ad|

60.5 Ozone
minutes afte
ozone offgas
Stabilization
not less than
120 minutes
extrapolated

test was star

hitor (the tested air sample) is to be plumbed back into the test room. All-p
airtight integrity of the test room. Prior to each test, the ozone monitor is.to’b
cording to the monitor manufacturer's instructions.

measurements are to be taken 5 minutes before the test andvthen contin
the test. During the test, the spa and the ozone generator are to be operated
. Operation is to continue until ozone measurements stabilize at all test prg
occurs when there is no increase in the average ozone level during 3 successi

lumbing is to
e purged and

hously until 5
to maximize
be locations.
e intervals of

10 % of the previous elapsed test duration, except that the first interval is to b
Measurements are to continue for 5 minutes after the ozone generator is

ed (background) is to be subtracted from the results.

no less than
rned off. An

8-hour average of the ozone concentration is to.belcalculated from the measurements taken
with the ozoe generator operating. The average ozone levelmeasured during the 5 minu

s before the

60.6 Ozong measurements made during the test specified in 60.5 shall not exceed the limifs specified in
40.8.2 and 40.8.3.

60.7 Ozong measurements made during the 5 minutes after the test shall not exceed fthe transitory
offgas limits $pecified in 40.8.3.

61 Abnormal Operation Tests

61.1

61.1.1 Whi

Low water and no water test

e at maximum operating temperature and without the temperature-regulating

unit shall be

circuit; or un1| ultimate results occur; with the water level in the tub:

bperated-for 7 hours; until the dry fire protection device or circuit, if provided, ops

control, each
ns the heater

a) Below the Tevel of the skimmer;

b) Below the heater enclosure;

c) Bel

ow the suction fitting(s); and

d) Empty.

61.1.2 The

results of the procedure in 61.1.1 are in compliance when:

a) There is no damage to the heater, electrical components, wiring, water pipe, or electrical conduit;

b) There is no fire or damage to thermal insulation or electrical insulation;
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c) The temperature of the water at the outlet of the heater enclosure does not exceed 70 °C
(158 °F); and

d) The temperature of the water entering the tub does not exceed 50 °C (122 °F) for longer than 15
minutes.

61.1.3 When a unit is provided with a temperature-sensing device to provide dry fire protection or other
control circuitry to deactivate the water heater in the event of operation without water, three samples of the
heater assembly shall be subjected to 50 cycles of operation without water. Each cycle shall begin at room
temperature or other temperature, when agreeable to all concerned, and shall end when heater
temperatures stabilize. Temperatures inside the heater enclosure shall be monitored to ensure that the
resulting temperatures do not exceed the thermal index of the material being used. The calibration of the
three thermoptats shall be checked after this test to determine that they are still within_the tolerance
specified in 37.5.1. When one of the three thermostats is not within the specified tolerance) thg test may be
repeated withh three new thermostat samples. The results are in compliance when~all three additional
thermostats gre within the tolerance after the test.

61.2 Interrypted power
61.2.1 In adg
operating ten

the water in

um intended
mperature of
wer shall be
center of the
hclosure. For

cordance with 40.3.1, a unit using a water heater shall beoperated until maxin
peratures are obtained, and the power supply is thenAo be interrupted. The te
he heater shall be monitored and as this reaches{aymaximum value, the pg
restored. The|results are in compliance when at any time the temperature of the water at the
water outlet t¢ the tub does not exceed 50 °C (122 °F) and there'is no damage to the heater e
this test, all tgmperature controls shall be in operation.

61.3 Water fflow interruption

61.3.1 Whenp either a pump motor protective-device or a pump motor circuit breaker or fuse
without disconnecting power from the heater, the test in 61.2.1 shall be repeated with interrup
to the pump motor alone.

can operate
tion of power

61.4 Water pback flow

61.4.1 As rgquired in 40.5.1, inferrupting power to a blower or to a water-sanitizing device shall not result

in water contfcting live parts or electrical insulation. The test is to be conducted by interrup
the blower or|to the waler:sanitizing device, or both, first with the water-circulating pumps o
then simultaneously. interrupting power to all components. When water is prevented from floy

ing power to
perating and
ing in the air

e made that
Mhe test is to

lines by routing. the air lines to a point above the water level, a determination shall b
displacement| of water in the tub will not result in water passing the high point in the tubing.
be conductedwi i tizi ' i

61.4.2 When a blower or water-sanitizing device introduces air directly into the water-circulating pipes of
a spa or assembly, the unit is to be operated to cause maximum water flow. Water flow is to be obstructed
at all outlets simultaneously for 1 minute. The results are in compliance when water does not contact live
parts or electrical insulation. This test is to be conducted with and without the blower or water-sanitizing
device, or both, operating.

61.5 Reverse hydrostatic pressure

61.5.1 To comply with 40.5.3 and 40.5.4, three samples of the check valves shall be subjected to a
reverse hydrostatic pressure test. The results are in compliance when, for the range of water pressures
given in 40.5.3 and 40.5.4, the valves do not leak sufficient water in one hour to wet paper located beneath
the valve assembly when the valve is oriented with the seal directed vertically downward.
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61.6 Electrolytic capacitor test

61.6.1 For the individual enclosure of an electrolytic capacitor not provided with means for venting but
provided with an opening more than 1/16 inch (1.6 mm) wide between the capacitor and the enclosure (in
accordance with Exception No. 2 to 34.1), three samples of the capacitor, mounted in the usual manner
and with cotton placed around openings in the enclosure are to be subjected in turn to such over-voltage
as to cause malfunction of the capacitor. The results are in compliance when the cotton does not ignite
during the test.

61.7 Transformer test

61.7.1 s G rface and each
covered with a Iayer of cheesecloth A one-ampere cartndge fuse is to be connected invsgries from the
core and the|shield, if applicable, of each transformer to ground. Each transformer is ta'be/protected by an
overcurrent dlevice. The device is to be the same as provided in the unit to protect'the trapsformer, or if

none is prov
each transfo
are in compli

a)Th

b) Eg

Sectipn 52, while still warm from this test, and

c) There is no ignition of the cheesecloth or tissue paper.

Exception: T
transformer(

61.8 Electrionic component test

61.8.1 Eac
at a time, wh
injury to perg
consistent.

62 Flow Rate Test

62.1 Thefl

ded, is to be a branch circuit type as specified in 45.4. With all secondaries s
mer is to be energized as specified in 45.1 for 7 hours or until ultimate results g
ance when:

e ground fuse remains intact,

ch transformer withstands the potential specified in~the Dielectric Voltage-W

he test may be conducted in a manner similar to that described in 61.7.1
) installed in the end product.

N electronic component imthe circuits specified in 40.7.1 is to be open and short-
en operating under normal load conditions to determine that no risk of fire, ele
ons results. Each €omponent is to be tested three times to ensure that the f3

pw rate-of a spa or an equipment assembly is to be measured while the product

maximum wa

least +2 %

terflow and as descrlbed in the Temperature Test Sectlon 53, usmg a flow

hort-circuited,
ccur. Results

thstand Test,

but with the

circuited, one
ttric shock, or
ilure mode is

s operated at
meter with at

. operated in

whichever mode WI|| maximize the Water flow through the suction opening being tested. This could result in
different pump/control settings for each suction opening tested. For an equipment assembly, the flow
meter is to be attached to the suction side of the test tank with the assembly connected as specified in
45.5. For a spa, the flow meter is to be attached to the suction side of the water pump in the spa or, if
possible, to each suction opening in turn, and, if agreeable to all concerned, the flow meter is to be
installed underwater at the suction opening. The flow meter is to use the same size plumbing as used in
the spa or the equipment assembly. The maximum flow rate shall be used to rate the product or, if
applicable, each opening. Filters are to be removed or bypassed during this test if the unit can operate in
this condition but only if doing so results in a worst-case condition.
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63 Strain-Relief Test

63.1 When tested in accordance with 63.2, the strain-relief means provided on a flexible cord shall be
subjected to a direct pulling force of 35 pounds (155.7 N) applied to the cord for 1 minute, with the
conductor connections within the unit disconnected.

63.2 A 35-pound pulling force (155.7 N) is to be applied to the cord such that the strain relief means will
be stressed from any angle that the construction of the unit permits. The results are not in compliance
when, at the point of disconnection of the conductors, there is such movement of the cord as to indicate
that stress would have resulted on the connections.

64 Metallic

64.1

Copyright Underwriters Laboratories Inc.

In acc
metallic coati

coatina Thick Tost

ng thickness test as follows:

a) Thq solution to be used for the test is to be made from distilled water and is to conta
per litgr of American Chemical Society (ACS) reagent grade chromic acid, CrO5, and

liter of ACS reagent grade concentrated sulfuric acid, (H, SO,). The latter is equ
millilitgrs per liter of concentrated sulfuric acid, specific gravity 1,84, containing 96 % H

b) The test solution is to be contained in a glass vessel suchyas a separatory funnel \

equipped with a stopcock and a capillary tube of approximately 0.025 inch (0.635 mnj
and 5/5 inches (139.7 mm) long. The lower end of the capillary tube is tapered to fq
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f) After cleaning, the sample to be tested is to be put in place under the orifice. The stopcock is to
be opened and the time in seconds is to be measured with a stop watch until the dropping solution
dissolves off the protective metallic coating, exposing the base metal. The end point is the first

appearance of the base metal, recognizable by the change in color at that point.

g) Each sample of a test lot is to be subjected to the test at three or more points (excluding cut,
stenciled, and threaded surfaces) on the inside surface and at an equal nhumber of points on the

outside surface, at places where the metallic coating may be expected to be the
enclosures made from precoated sheets, the external corners that are subject to
deformation may have thin coatings.

thinnest. On
the greatest
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h) Calculation of the thickness of the coating being tested is made by selecting from Table 64.1 the
thickness factor appropriate for the temperature at which the test was conducted and multiplying by
the time in seconds required to expose base metal as noted in (f).

Table 64.1
Thickness Factors
Temperature, Thickness factors, 0.00001 inch (0.00025 mm)
°F (°C) Cadmium platings Zinc platings
70 (21.1) 1.331 0.980
74 17 1.340 0.990
12 (22.2) 1.352 1000
13 (22.8) 1.362 1.010
14 (23.3) 1.372 1.015
15 (23.9) 1.383 1.025
16 (24.4) 1.395 1 .Is3
17 (25.0) 1.405 1.042
18 (25.6) 1.416 1.050
19 (26.1) 16427 1.060
40 (26.7) 1.438 1.070
81 (27.2) 1.450 1.080
82 (27.8) 1.460 1.085
43 (28.3) 1.470 1.095
44 (28.9) 1.480 1.100
85 (29.4) 1.490 1.110
46 (30.0) 1.501 1.120
87 (30:8) 1.513 1.130
48 (31.1) 1.524 1.141
89 (31.7) 1.534 1.150
90 (32.2) 1.546 1.160
65 Structural Integrity Tests
65.1 Geneiral

65.1.1 The unit is to be installed in accordance with the manufacturer's instructions. Features that may
present the worst-case scenario shall be operating; this could result in testing multiple configurations
and/or settings. Any features or accessories that are removable are to be removed when doing so results
in a worst-case condition.

65.1.2 These tests are to be conducted with the unit filled with water, and then drained, unless one
condition represents the other.

65.1.3 At the conclusion of each test, a visual inspection is to be conducted to determine if any signs of
physical damage (such as discoloration of material, cracking, chipping, and loss of material) has occurred.

65.1.4 A unit shall withstand the tests described in 65.2.1, 65.3.1, and 65.3.2 without:

Copyright Underwriters Laboratories Inc.
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a) Reducing spacings below the minimum values shown in Spacings, Section 26;

b) Making accessible to contact live parts and, for cord- and plug-connected units, dead-metal

parts

hat are separated from live parts by insulation only;

c¢) Breaking, cracking, or rupturing to produce an adverse effect on the insulation, ability to provide
protection from rain, or other outdoor-use elements; and

d) Producing any other condition that would increase the risk of fire, electric shock, and/or injury to
persons.

65.1.5 When necessary to determine whether a unit complies with the requirements as described in

oL 2.0 Ll I

65.2.1, 65.3.
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Section 57, a

e to be conducted.

65.1.6 Locations or components that are likely to be used as seats, steps, or the liké duri

abnormal uss

are to be subjected to the static loading test in 65.2.1.

65.1.7 Locations or components that are likely to be used as barriers (sueh as a spa skirt

lid, screen,
accessibility ¢
and 65.3.2.

65.2 Static

65.2.1 Asa
292 pounds

pr similar parts) providing weather protection, or otherwise preventing o
r the like during normal or abnormal use, are to be subjected to the impact load
oading test

mple of the unit is to be installed in accordance with the manufacturer's instructid
132 kg) is to be applied perpendicular, to the surface being tested by means g

measuring approximately 3 inches (76 mm) in diameter covered by approximately 1/2 ing

thickness of g
For each test
65.3 Impac
65.3.1 Ab5-i
arm 47-1/4 in

locations are
highest risk o

65.3.2 The
on its arc of t

ponge rubber or other suitable soft'material between the disc and the surface
location, the load is to be applied-for 2 minutes.

l load test

nch (125-mm) diamieter sandbag with a mass of 11 pounds (5 kg) is to be suspe

ches (1.2 m) indength so that, at rest, it just touches the desired point of impac

Selected based'on areas, locations, or components having the least structural s
being subjected to the mechanical abuse anticipated by this test.

posure Test,

ng normal or

door, cover,
I minimizing
test in 65.3.1

ns. A load of
f a rigid disc
h (12.7 mm)
being tested.

nded from an
. The impact
ipport, or the

mpact-is to be conducted twice at each location by releasing the sandbag fron the position

avelaving an elevation of approximately 30 inches (76 cm) greater than its re

sting position

oL 2 4

as specified i

TUJ.J. 1.

MANUFACTURING AND PRODUCTION-LINE TESTS

66 Grounding Continuity Test

66.1

As a routine production-line test, each unit that has a power supply cord having a grounding

conductor shall be tested for continuity between the grounding blade of the attachment plug and the
inaccessible dead metal parts of the appliance that are required to be grounded. This may require testing
before final assembly of the enclosure.

66.2 Any indicating device (an ohmmeter, a battery-and-buzzer combination, or the like) may be used to
determine compliance with the grounding continuity requirement in 66.1.
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67 Dielectric Voltage-Withstand Test

67.1
either:

a) On

b) Tw

as specified i

e thousand V AC or 1400 V DC for one minute or

elve-hundred V AC or 1700 V DC for one second,

n67.3.

As a routine production-line test, each unit shall withstand without breakdown, the application of

67.2 Factory dielectric voltage-withstand test equipment shall have the capacity as to maintain the test

voltage acro
equivalent.

67.3 During
equipment is
be connecte
The test is to]
modified, or

5s the insulation being tested. Breakdown shall be evidenced by a lighty.b

the test, all manually-operated switches are to be in the "on" positiom One l¢g
to be connected to the equipment grounding terminal/conductor.<Fhe second
j to all supply terminals/conductors including the neutral, either one at a time
be conducted with the product fully assembled. It is not intended that the produ
Hisassembled for this test; however, the test may be conducted prior to final as

uzzer, or the

ad of the test
lest lead is to
pr all at once.
Ct be unwired,
ssembly if the

results of the test represent those of the complete product. A part’ such as a snap cover ¢r a friction-fit

knob need n

Exception: U
1449, the pn
rearranged f

RATINGS
68 Cord-C

68.1 A cord

69 Perman

69.1 A perr
include the n
rating shall i
overcurrent

polyphase ci

bt be in place if the part would interfere with the test.

hen the product is provided with a transient:voltage suppressive device comp
oduct may be tested before the suppressive “device is connected or the cirq
br the test to minimize the risk of component-damage.

bnnected Products
-connected product shall.be rated in volts, amperes, and frequency in hertz.
ently-Connected Broducts

nanently-connected product shall be rated in volts, amperes, and frequency in h
umber of.wires (excluding the green grounding conductor) required in the supp
clude the’minimum supply conductor ampacity and the ampere rating of the sup
pratective device. The number of phases shall be included if the product is
rcuit. The voltage may be a single voltage or voltage range. A product rated

lying with UL
uitry may be

prtz, and shall
ly circuit. The
ply conductor
for use on a

vith a voltage

range shall include the maximum amperage for the range. A product with more than one voltage shall
have an amperage to correspond with each voltage. A product for use with multiple supply circuits shall
have a rating for each circuit.

Exception No. 1: A product may specify the rating of the largest motor in volts and amperes and the
additional loads in volts and amperes. However, an ampere rating of a motor rated 1/8 horsepower or less
or a non-motor load rated 1 ampere or less may be omitted unless such load constitutes the principal load.

Exception No. 2: The rating need not include the number of wires for a unit intended to be connected to a
nominal 120-volt source of supply.

Exception No. 3: The supply conductor ampacity and overcurrent protector rating are not required if both
the supply conductor ampacity and the supply circuit overcurrent protective device do not exceed 15
amperes.
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