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INTRODUCTION

1 Scope

immersion in one of the following locations:

National Electrical Code, NFPA 70, Article 680 Parts Il — 1V;

1.2 These :Iquirements also cover:

I a) Luninaire housings (forming shells) and mounting brackets for swimming pool lunj
| b) Delbted
| c) Sulmersible junction boxes for installation in fountains and'similar water-containi

intended to accommodate the complete or partial immersion of persons.

I 1.3 These re¢quirements do not cover:

a) Junction boxes for use in the deck area around swimming pools, fountains, and
Standard for Junction Boxes for Swimming Pool Luminaires, UL 1241),

b) Swjmming pool luminaire power:supplies (see the Standard for Power Units
Swimrhing Pool, and Spa Luminairgs;-UL 379),

c) Low voltage landscape lighting (see the Standard for Low Voltage Landscape Lig
UL 1888), or

d) Battery-powered portable luminaires intended for underwater operation (see thg
Portaljle Electric Luminaires, UL 153 or the Standard for Flashlights and Lanterns, U

1.4 Revisedland relocated as 5.4

1.1 These requirements cover electric luminaires for installation where subject to continuous or frequent

a) Swimming pools, permanently installed spas, hot tubs, and similar water-containing vessels
intended to accommodate the complete or partial immersion of persons in accordance with the

b) Permanently installed fountains, including splash pads and similar recreational amenities used

by pewmmmmmm—&wm 70, Article
680 Part V.

inaires; and

ng vessels not

spas (see the

for Fountain,

nting Systems,

p Standard for
| 1576).

1.5 Revisedlandrelocated as-52

1.6 Revised and relocated as 5.3

2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix A for a list of standards covering components used in the

products covered by this standard.

2.2 A component is not required to comply with a specific requirement that:

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

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b) Is superseded by a requirement in this standard.

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

2.4 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.

3 Units of Measurement

3.1 Values siated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

3.2 Unless indicated otherwise, all voltage and current values specified in this standard afe root-mean-
square (rms).

4 Referenceds

4.1 Any undated reference to a code or standard appearing in the réquirements of this stapdard shall be
interpreted as [referring to the latest edition of that code or standard:

5 Glossary
5.1 For the purpose of this standard the following definitions apply.

5.1A BRACHET — A structure designed to supportand mount a mating no-niche luminaire in or on a pool
structure.

5.1B FORMING SHELL — A structure.designed to support and mount a mating wet-niche luminaire in a
pool structure |Also referred to as a luminaire housing.

5.1C LAMP - A user-replaceable or non-replaceable light source, including incandescent bulbs, self-
ballasted compact fluorescent (SBCFL) or LED (SBLED) bulbs, or LED arrays consisting of LED modules
on a circuit bogard.

5.2 LUMINA|RE, DRY-NICHE - intended to be permanently mounted and sealed in the wall of a
swimming poql erfountain. It is equipped with provisions for conduit connection, and is designed to be
serviced from the-fear in a passageway or tunnel behind the wall or from the deck.

5.2A LUMINAIRE, HOUSING - See forming shell.

5.2B LUMINAIRE, LOW VOLTAGE — A luminaire whose input and operating voltage does not exceed 15
Vac (sinusoidal), 21.2 Vac peak (non-sinusoidal), 30 Vdc (continuous), or 12.4 Vdc peak (10 — 200 hz
interrupted).

5.3 LUMINAIRE, NO-NICHE - intended for installation on a mounting bracket that is, in turn, mounted in
or on the wall of a swimming pool or fountain where the luminaire will not extend behind the plane of the
wall and will be surrounded by water. The luminaire is supplied by a flexible cord of a length that permits
the luminaire to be removed from the mounting bracket and lifted to the deck for servicing.

5.3A° LUMINAIRE, SUBMERSIBLE — A luminaire intended for installation in a fountain not intended for
immersed persons or swimmers, or integral with a recreational pedestrian use splash pad area.
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5.4 LUMINAIRE, WET-NICHE - intended for installation in a luminaire housing (forming shell) mounted
in or on the wall of a swimming pool or fountain where the luminaire will be surrounded by water. The
luminaire is supplied by a flexible cord of sufficient length to permit the luminaire to be removed from the
niche and lifted to the deck for servicing.

5.5 WATER, FRESH — Water of electrical resistivity well above that of sea water, generally drawn from
lakes, streams, or underground sources and delivered by a private well or a municipality for industrial,
commercial or household use. Fresh water treated with salt for chlorine generation, resulting in electrical
resistivity that is typically 89 ohm-centimeters or higher (6000 ppm or less), is still considered fresh water
for the purposes of this standard.

5.6 WATER, SEA — Water of electrical resistivity on the order of 22 ohm-centimeters, representative of
water found irj open seas and sometimes used (for therapeutic purposes) in swimming pools.

PART | - SWIMMING POOL LUMINAIRES
CONSTRUCTION - LUMINAIRES
6 General

6.1 A Iuminxire shall be constructed to provide mechanical strerdgth appropriate for the sfress it is likely
to encounter dluring installation and use.

6.2 A luminaire shall be constructed to provide an enclosure for all electrical parts, inclyding the lamp
bulb.

Exception No| 1: The lens face of a PAR lamp is hotrequired to be enclosed.

Exception No| 2: Flexible cord, attachment plugs, receptacles, and cord connectors are notjrequired to be
enclosed in an electrical enclosure when(the luminaire and its installation complies with refjuirements for
Flexible Cord|and Connectors, Sectioh 10.

6.3 A luminaire rated more than<15 volts and provided with a PAR lamp shall be provided with a guard,
grid, or an oufer lens.

6.4 A luminaire intended-to be mounted facing upward shall have the lens guarded to preyent contact by
any person or, in addition to the Swimmer Impact Test (Section 40), shall additionally cgmply with the
Static Load Tgst (Section 54) and Cylinder Impact Test (Section 55).

6.5 All metal parts of a luminaire, including assembly rivets, screws, and the like, shall be of a corrosion
resistant metal. Copper alloy parts normally in contact with water shall have a zinc content not in excess of
15 percent. Aluminum and aluminum alloys shall not be used for any part of a luminaire normally in contact
with water. Iron and steel parts made resistant to corrosion by plating, galvanizing, or equivalent means
are permitted.

Exception No. 1: Metal parts that are completely encapsulated by a potting compound that complies with
the Outline of Investigation for Potting Compounds for Swimming Pool, Fountain, and Spa Equipment, UL
676A, need not be corrosion resistant.

Exception No. 2: Metal parts whose deterioration from corrosion will not adversely affect compliance per
(a) — (d) below need not be corrosion resistant:

a) Spacings requirements of Section 23, through migration or settling of particles to create a
conductive path across insulating materials;


https://ulnorm.com/api/?name=UL 676 2024.pdf

10 UL 676 APRIL 9, 2024

b) Bonding requirements of Section 26;
c) Temperature Test of Section 33, through loss of heatsinking or reflectance; or

d) Electric Shock Test of Section 41, through loss of current-collection capacity.

6.6 Paint, enamel, or other coatings that inhibit bonding of parts or reduce the electric-field shielding
effect (where required) shall not be used on either the inside or the outside of a luminaire.

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

6.8 Self-threading or sheet-metal screws shall not be used.

6.9 An extemal power unit or transformer for a low voltage swimming pool and spa IJlminaire shall
comply with the Standard for Power Units for Fountain, Swimming Pool, and Spa Luminaires| UL 379.

|7 Metal Enclosures

7.1 The thickness of sheet metal in a luminaire enclosure shall be not lessithan 1 mm (0.040 inch) at any
point where a onduit hub is secured, and not less than 0.5 mm (0.020 ineh) at any other point on a drawn
or spun luminaire. The thickness of sheet metal in a drawn or spun-ldminaire shall be such|as to provide
strength and r|gidity at sealing points, or shall be reinforced to provide strength equivalent t¢ that of sheet
metal not thinner than 1 mm.

7.2 Cast mefal in a luminaire enclosure shall have a minimum thickness in accordance with| Table 7.1.

Table 7.1
Minimum Thickness of Cast Metal

Cast metal other than die-

cast Die-cast metal
Surface involved mm (inch) mm (inch)
Unreinforced fla{ surface 3.2 (0.125) 1.2 (0.047)
At base of threads, surface that is curved, ribbed, or otherwise 2.3 (0.090) 1.1 (0.045)

reinforced, or su[face of such size.or shape that equivalent
physical strength is provided

7A Polymerjc Enclosures

7A.1  An enclosure of polymeric material where all live parts are insulated or permanently spaced more
than 0.8 mm (0.032 in) from the enclosure shall comply with (a) — (e) below, as applicable. For (a) and (c)
(flammability and impact resistance), a polymeric enclosure material continuously or frequently exposed to
water shall additionally comply after water immersion conditioning in accordance with UL 746C clause
58.1.

a) 5VA flammability rating or comply with the five-inch flame test of UL 746C, except for a lens in
contact with the water which is permitted to have an HB flammability rating;

Exception: An HB rating is permitted for an enclosure of a low voltage luminaire that complies with
11.4.

b) Relative thermal index (in accordance with UL 746B) no less than its maximum operating
temperature in the product;
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sun.

746C.

c) Comply with the impact test of UL 746C if the part is exposed to impact after installation, except
for a lens subject to the Swimmer Impact Test of Section 40;

d) Comply with the mold stress-relief distortion test of UL 746C if of molded or formed
thermoplastic material; and

e) Comply with the UV resistance test of UL 746C if, after installation, the material is exposed to the

7A.2 An enclosure of polymeric material where any uninsulated live parts are located within 0.8 mm
(0.032 in) of the enclosure shall additionally have a minimum hot-wire ignition (HWI) performance level
characteristic of 4 or better (less), in accordance with UL 746A or the alternative test programs of UL

8 Cast Meta

| 8.1 Deleted

9 Mounting

9.1 Aluming
9.2 The me
mounting bra
described in

Table 8.1

Minimum thickness of cast metal
Table deleted

Means
ire shall be provided with means for mounting as intended.

bns for mounting a wet-niche lutinaire in its forming shell, and a no-niche |
Cket, shall automatically bond!the luminaire to the luminaire housing or mount
P6.1.1 and 26.2.1, and shall-require the use of a tool for the removal of the

bond shall comply with the bonding requirements in Bonding, Section 26.

10 Flexible
| 101 Delete

| 102 Fiexibl

Cord and Connéctors

b cord-not enclosed within an enclosure shall be suitable for hard or extra-hard

Uminaire to its
ing bracket as
uminaire. The

usage.

10.3 Flexibl

ot ot H o £ 4] a4+ £ a4 L
cutu uidl 1o i ToTU 1T U TTTUUTTIUY TAPUOSTU U WddlTl, Ul TAPUSTU TU oul

a "W" suffix and be suitable for:

ght, shall have

a) Hard usage (such as Type SJW, SJTW, or SUTOW) and not smaller than 3.3 mm? (12 AWG);

b) Extra-hard usage (such as Type SOW, STW, or STOW); or

c) Equ

ivalent to the type specified in (a) or (b).

A grounding conductor shall not be smaller than the circuit conductors and, for flexible cords suitable for
extra-hard usage, shall not be smaller than 1.3 mm? (16 AWG).

| 104 Deleted
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10.5 When the point where the flexible cord enters an enclosure is immersed, a watertight fitting or an
equivalent method to prevent water entering the enclosure shall be used. Compliance shall be determined

by the Water L

10.6 Deleted

eakage Test, Section 35.

10.7 A luminaire is permitted to be provided with an attachment plug and mating receptacle or cord
connector to facilitate the installation, maintenance, or servicing of the luminaire. When provided:

a) The luminaire shall include both the attachment plug and the mating receptacle or cord

connector;
b) The :ulll;lldilc bi Id“ iIdVU nredlris tU MITVCl It ;IIddVUI‘tUIIt dibbullllcbt;ull, bubil as tU
to accgss or multiple actions (e.g., twist-and-pull) to disconnect the attachmentply

recepts

c) The
water,
conditi

I Exception: A |
comply with thj

10.8 An att3
polarization is

the Electric Shock Test, Section 41. When polarization®is-fequired and conductors are corj

device during
wiring.

10.9 A cord-
from the pool
than 7.6 m (25

10.10 Flexib
a) Duri

b) Whe
wall to

cle or cord connector; and

attachment plug and mating receptacle or cord connector shall net be expos¢
mpact, strain, and other adverse conditions unless they have béen found s
bns anticipated.

Uminaire whose instructions declare it only for use with, a-storable pool, per 4
s requirement.

chment plug and the mating receptacle or.*cord connector shall be pg
required to comply with the requirements in, Polarization and Identification, §

installation, the device shall have terminals marked to identify the intended

and plug-connected luminaire shall be provided with a length of flexible corg
vall to the location remote from the pool wall. The flexible cord shall have a len
feet).

ng luminaire relamping or servicing;

n it is the flexible cord of the cord- and plug-connected luminaire that extends|
[he location remote from the pool wall as specified in 10.9; or

e cord shall be aceessible to contact only under conditions (a), (b), or (c) below:

require a tool
g and mating

ed to sunlight,
Litable for the

4.3, need not

larized when
Bection 20, or
nected to the
connection of

that extends
gth of not less

from the pool

c) No 1

hore than 1.52 m (5 ft) of flexible cord may be accessible when the installatia

n instructions

include guidance for reliably routing and securing the cord to suitably rigid structural members of
the pool, the luminaire, or other objects installed for the purpose in accordance with 44.11. If the
instructions require the use of a guard and/or related structural support parts, those parts shall be
provided and the assembly shall comply with the Flexible Cord Guard and Support Test, Section

43.

10.11

A strain relief device shall be provided and comply with the Strain Relief Test, Section 37.
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11 Power Supply Connections

11.1 General

11.1.1 A dry-niche luminaire and the luminaire housing for a wet-niche luminaire, and the mounting
bracket for a no-niche luminaire, shall have provision for the connection of rigid metal or nonmetallic
conduit.

11.1.2 Holes for the connection of conduit shall be threaded. When the threads are tapped all the way
through a hole in an enclosure wall, or when an equivalent construction is used, there shall not be fewer
than 3-1/2 nor more than five threads in the metal and the construction shall be such that a conduit

bushing can be attached as intended. When the threads are not tapped all the way throug

h a hole in an

enclosure wa
shall be a sm
bushing. The
rigid conduit.

I, conduit hub, or the like, there shall not be fewer than five threads in thenm

nternal diameter of the inlet hole shall be the same as that of the correSpondir]

11.1.3 A conduit hub shall be threaded and shall have a wall thickness before threading

that of the co

shall not depgnd upon friction alone to prevent its turning, and shall,comply with the Cond

Test, Section

responding trade size of conduit. A conduit hub that is not cast integrally wit

A3A.

11.1.4 The
terminal con

rmination means for a field-connected conductor shall consist of a pigtail le
ctor, a wire-binding screw, or a stud with nut."A pressure terminal connecto

type that can pe applied by means of an ordinary tool (suel’/as a screwdriver, nut driver, or p

11.1.5 A pidtail lead for connection of field wiring“shall not be more than two standarg

smaller than
0.82 mm? (18

11.1.6 A pig

11.1.7 A fiel
place by bein

Exception: A
accommodatse

11.1.8 A fiel

he field-connected conductor to which it will be connected, and shall not be
AWG) copper conductor in any-Case.

ail lead shall have a freetength in a splice compartment of at least 15.2 cm (6

) brazed, bolted; held by a screw, or the equivalent. A single rivet shall not be U

wire-binding~screw is not prohibited from being used at a field-wiring termin
 a 5.3.mm? (10 AWG) or smaller conductor.

d-wiring terminal shall be prevented from turning or shifting in position by me

!

etal and there

both, rounded inlet hole for the conductors equivalent to that provided by.a standard conduit

g trade size of

not less than
an enclosure
it Hub Torque

hd, a pressure
r shall be of a
iers).

(AWG) sizes
smaller than a

nches).

d-wiring terminal shall*be provided with a pressure terminal connector securgly fastened in

sed.

al intended to

ans other than

friction alone.

Acceptable means of tomplying withthisTegquirementinclude use of two ST

ews or rivets,

square shoulders or mortises, dowel pins, lugs, offsets, or connecting straps or clips fitted into an adjacent

part, or by an

equivalent method.

11.1.9 A wire-binding screw at a field-wiring terminal shall not be smaller than 4.8 mm (No. 10 major

diameter).

Exception: A 4.2 mm (No. 8) screw is not prohibited from being used for the connection of a 2.1 mm? (14
AWG) conductor. A 3.5 mm (No. 6) screw is not prohibited from being used for the connection of 1.3 mm?
(16 AWG) and smaller conductors.

11.1.10 A wire-binding screw shall thread into metal at least 1.3 mm (0.050 inch) thick.
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Exception: Metal not less than 0.8 mm (0.030 inch) thick is not prohibited from being used when the
threaded joint withstands a tightening torque applied to the wire-binding screw without stripping the screw
threads or the terminal plate threads when tested with a solid copper conductor of the size intended and
placed under the screw head and wrapped 2/3 — 3/4 turn around the screw. The tightening torque shall be
1.4 N-m (12 pound-inches), 1.8 N-m (16 pound-inches), and 2.3 N-m (20 pound-inches) for screw sizes
No. 6, No. 8, and No. 10 or larger, respectively.

11.1.11 Upturned lugs or a cupped washer or the equivalent shall be provided with a wire-binding screw
and shall be capable of retaining a conductor of the size intended under the head of the screw or washer.

11.1.12 Where continuity or secureness of an electrical connection involves a threaded joint, at least two
full threads shall be engaged in the threaded joint and, for a screw with a tapered end, any threads on the
tapered end shall be disregarded.

Exception: The threaded joint of a component complying with applicable componént requirements for
threaded joint design, continuity, and secureness is not required to comply with thisrequirempnt.

11.1.13 Where pigtail leads are provided for field wiring connections, a thréaded joint at the product end
of the lead sh3ll comply with 11.1.12.

11.1.14 A fieJd-wiring terminal intended for the connection of a grounded conductor shall bg of (or plated
with) a metal $ubstantially white in color and shall be readily distinguishable from the othef terminals, or
identification df the terminal shall be clearly shown in some othermanner.

11.1.15 Alead intended for connection of a grounded.conductor shall be finished to show g white or gray
color and shal| be distinguishable from any other leads.

11.2 Wet-nighe and no-niche luminaires

11.2.1 Wet-niche and no-niche luminaires shall be provided with a permanently attached length of
flexible cord for routing through the canduit connected to the luminaire housing or mounting bracket and
for connecting to the power source. The flexible cord shall extend a minimum of 3.7 m (12 [feet) from the
point at which the cord emerges from the luminaire.

11.2.2 A gropnding conductor in the flexible cord shall be green with or without one of more yellow
stripes.

11.2.3 The ¢nd ofthe flexible cord jacket and the flexible cord conductor terminations shall be covered
with or encapsulated in a potting compound to prevent the entry of water into the luminaire through the
cord or its con . tior, i it fTaire,; | foed; Il be similarly
treated to protect such connection from the deteriorating effect of chemicals in the water in the event of
water entry into the luminaire.

11.2.4 Strain relief shall be provided to prevent a mechanical stress on the flexible cord from being
transmitted directly to terminals, splices, or interior wiring of the luminaire. The strain-relief means shall
comply with the Strain-Relief Test, Section 37.

11.2.5 The flexible cord specified in 11.2.1 shall be considered a pigtail lead with regard to the
requirements in 11.1.1 — 11.1.15.
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11.3 Dry-niche luminaires

11.3.1

Connections between the luminaire conductors and the conductors of the power supply circuit

shall be accessible for inspection without requiring the disconnection of any portion of the wiring.

11.3.2 The luminaire shall provide:

a) Ample space for any required splices to the supply conductors and

b) Means for independent termination of at least two equipment grounding conductors.

11.3.3 When flexible cord is used to supply the lamp assembly of a dry-niche luminaire, the end of the

flexible cord j
potting compq
event of wate

CKet and the flexible cord conductor terminations shall be covered with or end
und to protect such connections from the deteriorating effect of chemicals-in‘t
entry into the lamp assembly.

11.4 Low v¢ltage luminaires

11.4.1 Low
eligible to app
luminaires un

11.4.2 The
specified in 11

1143 Low
requirements

Exception: A
Exception to .

1144 Low
Bonding Milli
(Section 41).

Exception: A
Bonding Milliv

11.4.5 Low

oltage luminaires (see 5.2B) are permitted to be marked in“a¢cordance with
ly the requirements in this section. Other requirements of this Standard apply|
ess specifically exempted in this section.

grounding conductor specified in 10.3 or 11:2.2; or the ground conduct
.3.2(b), shall not be provided on a low voltage{uminaire.

voltage luminaires shall have no provision for grounding and are exe
in Sections 22 (Position of Live Parts);23 (Spacings), 25 (Grounding), and 26

ow voltage luminaire with dead metal parts in contact with the water shall ¢
6.1.1.

voltage luminaires are exempt from the Dielectric Voltage-Withstand Test

apsulated in a
he water in the

44.13 and are

to low voltage

br termination

mpt from the

Bonding).

bmply with the

(Section 36),

olt Drop Test (Section 38), the High Current Test (Section 39), and the Elecfric Shock Test

ow voltageluminaire with dead metal parts in contact with the water shall ¢
olt Drop~Test.

oltagé luminaires are permitted to use hard usage cords, per 10.3(a), not sm

bmply with the

aller than 0.20

mm? (24 AWG:

12 Diffusers

12.1 Deleted
13 Guards
13.1

equipment grounding conductor to the luminaire.

13.2

A metal guard, when provided, shall be conductively connected to the point of attachment of the

If a luminaire must be provided with a guard in order to comply with the requirements concerning

the risk of electric shock, the construction shall be such that the luminaire cannot be installed without the

guard.
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13.3 There shall be no sharp or protruding edges of a guard or other parts of the luminaire that may be
contacted by persons in a pool.

13.4 A guard for an upward-facing luminaire shall comply with the Static Load Test (Section 54) and the
Cylinder Impact Test (Section 55).

14 Gaskets

14.1 A gasket shall be of a material able to withstand the temperature and use to which it will be
subjected. The gasket material shall be resistant to aging. A gasket that will be disturbed during routine
servicing, such as during lamp replacement, shall be formed of resilient material such as neoprene or
silicone rubber.

14.2 A gask
entry of water

14.3 A gask
determined to
resistant to a
softening, or h

15 Adhesivés Used in Underwater Luminaires

15.1 An adh

Applications rfequirements, in the Standard for Polymeric Materials — Use in Electric

Evaluations, U
with a solvent

15.2 The req
shall consist
Standard Tes
Specimens byj
in accordance
Bond Strength

15.3 The safple sets shall be subject to the "as received,

"effect of cycli
be subject to
solution maint

bt of neoprene, rubber, neoprene composition, or rubber composition used 1
nto a luminaire shall be subjected to the Gasket Accelerated Aging Test] Secti

bt material other than those specified in 14.2 is not prohibited from bein
have equivalent characteristics, including resistance to aging."\Such material
jing when there is no visible evidence of deterioration {(such as cracking
prdening) after these characteristics are investigated.

esive relied upon for water barrier integrityshall comply with the Adhesives

L 746C, modified as specified in this section. Joints bonded by fusion techni
br ultrasonic welding are considered.acceptable without further evaluation.

uced sample set size (UL 746€ clause 69.7.3) is permitted to be used. Eac
f specimens of the adhered;or sealed joint assembly configured in accord
I Method for Apparent Shear Strength of Single-Lap-Joint Adhesively E
Tension Loading (Mgtal-to-Metal), ASTM D 1002, and shall be tested for adh
with the Standardsfor Polymeric Materials — Short Term Property Evaluatio
Properties of Adhesives, Method A (shear strength through tension loading).

effect of temperature," "effec
C conditions"” test programs. In lieu of the "effect of humidity" conditioning, a sa
water-immersion conditioning as follows. A sample set shall be placed in
hined-at a temperature of 25°C (77°F) for a period of 24 hours. The pool wate

o prevent the
bN 42.

j used when
is considered
after flexing,

5, Specialized
bl Equipment
ues, such as

h sample set
ance with the
onded Metal
bsive strength
ns, UL 746A,

of cold," and
mple set shall
a pool water
" solution is to

fcon naof 100 Ak Ao hla

consist of distilted

wiator nlitc avaniieis SaaiA ot o canteatio P TRT= =W~
T vwwatCTpPrasS Oyarancatiti—ata COnoTt Tt aturT U TOU PPTTT, CaiCiarT oo

fide-for hardness at

a concentration of 100 ppm and chlorine content of 5.0 ppm provided by calcium hypochlorite. The pH of
the solution is to be adjusted to be 7.4. Upon removal, the specimens shall be placed in an oven for 24
hours at 10°C (18°F) above the measured maximum operating temperature of the adhesive. This water
immersion / oven aging conditioning cycle is to be repeated three times. Specimens are permitted to be
stored at room temperature (25°C / 77°F) between conditioning segments. The pool water solution shall
be replaced for each cycle.

15.4 The bond strength of the adhesive shall not be reduced by more than 50 percent from the "as
received" bond strength following each conditioning.

16 Wiring Devices

16.1 A porcelain lampholder mounted by means of a screw ring shall not be used without the gasket
usually supplied with this type of lampholder.
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16.2 A lampholder, receptacle, or other device supporting current-carrying parts shall be of porcelain or
of cold-molded, phenolic, or urea composition.

16.3 Fibero

r other absorptive material shall not be used as electrical insulation.

16.4 A wiring device (lampholder, receptacle, or the like) shall be prevented, by means other than
friction, from any turning that applies tension to splices or other wiring connections, causes damage to the
wiring, or otherwise adversely affects the assembly.

17 Wireways

17.1 A lumi
without resul
and free from

17.2 Screw
held or positid

17.3 When
of the openin
opening not |
shall have a
temperatures
metal to redu

17.4 Afiber
18 Wiring

18.1
are being rep

18.2 There
lamp that is in

18.3 A cond
to which it w
Section 33.

Wires and splices within the luminaire shall be located so that they are not disturbe

burrs and fins.

threads are not prohibited from being exposed in a wiring compartment wher
ned away from such screws.

conductors pass through an opening in sheet metal, they shall be held away f
j or shall be protected by a bushing, a grommet, or by, rolling the edge of th
bss than 120 degrees. A bushing, when used, shallbe*held in place. An insu

involved. Any burr, fin, or sharp edge shall be remioved from the edges of an g
e the risk of abrasion of the conductor insulation.

bushing shall not be used.

aced.

Huirement in 18.1-dees not apply to leads attached to a lampholder that is s
turn supported’by-the luminaire.

uctor shall’have insulation rated for a potential of 300 volts or more and for th
Il be subjected under conditions of intended use as determined in the Tem

erwise wired,

ting in damage to the coverings or insulation on the conductors. A wireway s;[all be smooth

the wires are

rom the edges
e metal at the
lating bushing

minimum thickness of 1.2 mm (3/64 inch) and shall be capable of withstanding the

pening in cast

d when lamps

upported by a

e temperature
perature Test,

18.4 A cond

uctor shall have:

a) Rubber or neoprene insulation and a saturated braid or

b) Thermoplastic insulation.

The thickness of the insulation shall be at least 0.8 mm (1/32 inch).

18.5 A conductor shall be of copper and of such size that its ampacity is not less than that required for
the load supplied, but not smaller than 0.82 mm? (18 AWG) in any case. The wire gage requirement for the
equipment grounding conductor is specified in 10.3.
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19 Splices
19.1 A splice shall be made mechanically and electrically secure with solder or a wire connector. A

soldered joint or a joint made with an uninsulated pressure wire connector shall be covered with insulation
equivalent to that on the conductors.

20 Polarization and Identification

20.1 Each lampholder screwshell shall be connected to a grounded conductor or terminal.

21 Exposure of Live Parts
21.1  Aluminpire shall have no uninsulated live part exposed to contact by persons duringinntended use.
21.2 A luminaire rated more than 15 volts shall have no uninsulated live part (other than the lamp

contacts of a gcrew shell lampholder) accessible during relamping.

ible when the

Exception No.
lamp is remov,

Exception No.
following cond

a) All
becom

b) The
contac

c) The
require
adjace
insertid

22 Position

221 With th
barrier in place

1: The lamp contacts of a screwshell lampholder are permitted to be accesg
Lol

2: The lamp terminals of a double-ended lamp are_permitted to be access
tions:

ingrounded circuit conductors are disconnected by an interlock switch be
b accessible; or

supply circuit has one grounded conductor, and the lamp terminals can on
with the grounded lampholder terminal; or

supply circuit has one grounided conductor, and in order to be fully installe
d to be inserted into the grounded lampholder terminal first. The luminaire sh

n of the lamp in this lampholder first.

of Live Parts

, theresdlting lens opening or openings in the guard, grid, or barrier shall be s

ble under the

ore the parts

y make initial

d the lamp is
all be marked

nt to the lampholder connected to the grounded (neutral) supply connection to indicate

b luminairg.lens removed (to simulate a broken lens) but with any luminaire guard, grid, or

Lich that:

a)A 20

3~mm (8-inch) diameter disc held parallel to the pool wall will not enter the ope

ning and

b) All uninsulated live parts (including the live parts within the lamp) are recessed at least one-
seventh of the major dimension of any front opening or 25.4 mm (1 inch), whichever is greater, from
the plane of that opening.

23 Spacings

23.1 There shall be a spacing of at least 6.4 mm (1/4 inch) through air, or at least 9.5 mm (3/8 inch) over
surface of insulating material, between uninsulated live parts of opposite polarity and between an
uninsulated live part and metal that may be grounded when a luminaire is installed.

Exception: The spacings required do not apply between an uninsulated live part of a wiring device, such
as a lampholder, and dead metal that is part of the wiring device (including mounting screws, rivets, yoke,
clamp, and the like), or between such live part and that part of the dead metal surface of the luminaire on
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which the device is mounted in its intended manner. Some examples of these spacings are illustrated in

Figure 23.1.

Figure 23.1

Spacings at wiring devices

A — Uninsulated
B — Insulating nf
C — Mounting s
D — Dead-meta
E — Dead-metal
F — Spacings to|
G — Spacings tdg

24 Barriers

241 A barri
thick. Treated

Exception: A
after installati
inch) thick.

c A
A B
N / e T
-F Al N
J] G i I e~ N
ré =z | >
¢ 7 | G
N\ . L)
Lo WL
SM100

live parts of wiring device.
aterial of wiring device.
rew of wiring device.

parts of wiring device.
parts of luminaire.

which 23.1 applies.

which 23.1 does not apply.

fiber or similar material shall not be used.

bn is not prohibited from being less than 0.8 mm but shall not be less than

br or liner of insulating material shall be of nonabsorptive material at least 0.8 inm (1/32 inch)

barrier thatjis-held in place and not exposed or otherwise likely to be damaged mechanically

0.4 mm (1/64-

25 Groundi

251

)

equipment-grounding conductor.

A luminaire with a dead-metal part is to have provision for the connection of a supply-circuit,

Exception No. 1: The following components are not to be considered a dead-metal part warranting the
luminaire to have provision for the connection of a supply circuit equipment grounding conductor.

a) The interior metal coating of lamps and

b) A metal ring or similar part crimped around the jacket of a flexible cord to provide strain relief and
that is subsequently encapsulated in a potting compound to a thickness of not less than 13 mm (1/2

inch).
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¢) A metal screw or other fastener used to secure a wet-niche or no-niche luminaire to its luminaire
housing or mounting bracket where the metal screw or fastener is conductively connected to the
conduit and equipment-grounding conductor specified as locations 26.1.4 (b) and (c).

Exception No. 2: A low voltage luminaire shall not have provision for connection of a supply-circuit,
equipment grounding conductor.

25.2 When the luminaire is supplied by flexible cord, the means for connecting the equipment-grounding
conductor shall be the grounding conductor that is part of the cord. When the luminaire is not supplied by
flexible cord, the means for connecting the grounding conductor shall accommodate a 3.3 mm? (12 AWG)

grounding conductor. Solder shall not be depended on for securing the equipment grounding conductor.

25.3 The means for securing a field-connected grounding conductor of a dry-nicheplu

comply with th
hexagonal-sha
parts of the tq
ferrous materi

Exception: An

25.4 A lumin
8.4 mm? (8 AV}

a) Con
wall of

b) Coni

The design sh
The connecto
located so tha
connector. A

passing comp

Exception No.
with metal con

Exception No.
isolated low Vv
terminal.

26 Bonding
26.1

26.1.1

e requirements in 11.1.4 — 11.1.15. A wire-binding screw shall have a green-cg
ped head. A wire-binding screw or stud shall be 4.8 mm diameter (No- 10
rminating assembly shall be of copper, brass, or equivalent corrosion resis
bls (other than stainless steel) or aluminum materials shall not beused.

aire housing or mounting bracket shall be provided-with a terminal for the cq
G) stranded copper equipment-grounding conductor."The terminal shall:

Sist of a pressure terminal connector of a corrésion-resistant material secured
the luminaire housing and the luminaire side‘6f a mounting bracket and

ply with the requirements in 11.1.4 — 1439.15.

all permit the wire to be connegcted to the connector without removing the w|
for the equipment grounding conductor shall be free of rough or sharp edge
[ when the luminaire is installed as intended, the flexible cord will not be in cd
positive stop shall be provided that will prevent the equipment grounding c
etely through the wire connector and contacting the supply cord insulation.

1: A luminaire(housing or mounting bracket marked in accordance with 44.1
duit is not required to be provided with an equipment grounding conductor tern

2: A nen-metallic housing or mounting bracket whose instructions specify it fo
oltage: luminaires is not required to be provided with an equipment ground|

internal bonding jumper is not required to be identified by color or other means.

minaire shall
lored, slotted,
or larger. All
tant material;

nnection of a

to the internal

re connector.
s, or shall be
ntact with the
bnductor from

b for use only
ninal.

use only with
ing conductor

Ground-fault current path continuity

bonded to all supply-circuit equipment-grounding conductors.

Except for parts specified in the Exceptions to 26.1.4 and 26.1.5, all dead-metal parts shall be

Note: A low voltage luminaire with no provision for a supply-circuit grounding connection, per Exception No. 2 to 25.1, but with dead
metal in contact with the water and provided or marked for use with a metallic forming shell, requires means to bond those dead
metal parts to the forming shell or mounting bracket.

26.1.2 When the dead-metal parts are capable of being inadvertently and directly energized through the
failure of electrical insulation, electrical spacings, or both, the impedance of the bond specified in 26.1.1
shall comply with the provisions of 26.1.4 and 26.1.5, as applicable.
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Exception: The impedance of the bond is not required to comply with the provisions of 26.1.4 and 26.1.5
when the location on the dead-metal part is capable of being directly energized only because:

a) The lamp envelope has broken and the dead-metal part is in direct contact with the lamp
filament or filament support or

b) The dead-metal part and an uninsulated live part are both in contact with water that is assumed
to have entered the luminaire through a damaged lens or a leaking gasket. As an example, the
uninsulated live parts of a lamp base or the lampholder are often capable of being in contact with
water that has entered the luminaire.

For this exception, electric current entering dead-metal from a supply circuit equipment grounding
conductor shall be disregarded as a way of directly energizing the location on the dead-metal part.

This €
all sup
bond i

26.1.3 The s
swimming po
energized onl
lamp spring

impedance fr
and that are
insulation, ele

26.1.4 For
circuits rated
and the locat
connected to
impedance bq

a) The
b) Rig

c) An
the we

Compliance is

Exception Ng.

kception does not preclude the requirement that the involved dead-metal par

mpedance is exempted.

bections of a lamp spring or lamp clip not embedded in the pottingscompound
bl luminaire are examples of locations on a dead-metal part that often are ca
y as specified in the Exception to 26.1.2. The bond impedance’from these sec
br lamp clip is not required to comply with the provisions' of 26.1.4 or 26.

be bonded to

ply-circuit equipment grounding conductors as specified in 26.1.1. Only the magnitude of the

of a wet-niche
pable of being
lions of such a
.5. The bond

bm the lamp spring sections or lamp clip sections that{are embedded in pott
capable of being inadvertently and directly enérgized through the failur
ctrical spacings, or both shall comply with the previsions of 26.1.4 or 26.1.5.

vet-niche and no-niche luminaires that areot prohibited from being conne
PO amperes or less, the impedance between each of the dead-metal parts spe
ons specified in (a) — (c) shall not be-greater than 0.050 ohm. For a luminair
a supply circuit rated more than,"20 amperes and not greater than 60
tween these locations shall notle greater than 0.030 ohm.

grounding conductor within'the flexible cord.
d metallic conduit connected to the forming shell or mounting bracket.

8 AWG copper,-conductor connected to the supplemental grounding conduct
t side of the forming shell or mounting bracket.

to be gonfirmed through the Bonding Millivolt Drop Test, Section 38.

ng compound
e of electrical

cted to supply
cified in 26.1.2
b that must be
amperes, the

or terminal on

e conduit and

14V The following dead-metal parts are not required to be bonded to th

grounding co

rductors specified frta)—(c)-

a) The interior metal coating of lamps and

b) A metal ring or similar part crimped around the jacket of a flexible cord to provide strain relief and
that is subsequently encapsulated in a potting compound to a thickness of not less than 13 mm (1/2

inch).

Exception No. 2: Dead-metal parts of a luminaire housing, mounting bracket, or other dead-metal parts
that are not part of — or attached to — a wet-niche or no-niche luminaire when the luminaire is removed
from the pool water for relamping or other servicing are not required to be bonded to the grounding
conductor within the luminaire's flexible cord.

Exception No. 3: A metal screw or other fastener used to secure a wet-niche or no-niche luminaire to its
luminaire housing or mounting bracket is not required to be bonded to the grounding conductor within the
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luminaire's flexible cord but shall be bonded to the conduit and equipment-grounding conductor specified
in (b) and (c).

Exception No. 4: The bond between a metal rivet and a dead-metal part to which it is secured is not
required to be further evaluated.

26.1.5 For a dry-niche luminaire that is not prohibited from being connected to a supply circuit rated 20
amperes or less, the impedance between each dead-metal part specified in 26.1.2 and a 3.3 mm? (12
AWG) copper conductor connected to the terminal or lead provided for connection of the supply-circuit
equipment-grounding conductor shall be maximum 0.050 ohm. For a luminaire that must be connected to
a supply circuit rated more than 20 amperes and maximum 60 amperes, the impedance between these
locations shall be maximum 0.030 ohm. Compliance is to be confirmed through the Bonding Millivolt Drop

Test, Section 3

Exception No
bonded to the

Exception No
required to be

3.

1: The dead-metal parts specified in Exception No. 1 to 26.1.4 aré not n
grounding conductor.

2: The bond between a metal rivet and a dead-metal part\to which it is
further evaluated.

equired to be

decured is not

26.1.6 With fregard to the requirements in 26.1.4 and 26.1.5, a luminaire must be connected to a supply

circuit rated af
a) The

b) The
for whi

ampergs.

26.1.7 Thep

specified in 26,

a) The

part with the lamp envelopg:broken and

b) The
upon tg

The capability|

more than 20 amperes when:
uminaire includes an admedium, mogul, or other'heavy-duty lampholder or

current calculated by taking the quotient«of the wattage rating of the highest
Ch the luminaire is intended to be suitable and the voltage rating of the luminai

ath from locations on a dead-metal part to the equipment grounding conducto
1.4 or 26.1.5, as applicable;-shall comply with the High Current Test, Section 3

lamp filament or filament support is capable of contacting the location on th

dead-metal part's presence and its bond to an equipment grounding cond
comply witAithe Electric Shock Test, Section 41.

of centact referenced in (a) shall be assessed after all parts have stopped

lamp envelopg

lamp spring o

breakage not during part mot|on associated with lamp envelope breakage

wattage lamp
e exceeds 16

s and conduit
19, when:

e dead-metal

Lictor is relied

moving upon
Sections of a

ia specified in

(a) and (b). Contact assessment is completed after the lamp spring or lamp cllp has stopped moving upon
lamp envelope breakage.

26.2 Continuity to pool bonding grid conductor

26.2.1

The pressure terminal connector specified in 26.2.2 shall be provided and all dead-metal parts of

the luminaire, luminaire housing, and mounting bracket shall be bonded to the pressure terminal connector

as specified in

26.2.3.

Exception: The following dead-metal parts are not required to be bonded to the pressure terminal

connector:

a) The

interior metal coating of lamps and
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b) A metal ring or similar part crimped around the jacket of a flexible cord to provide strain relief and
that is subsequently encapsulated in a potting compound to a thickness of not less than 13 mm (1/2
inch).

26.2.2 The pressure terminal connector (including the set-screw type) specified in 26.2.1 shall be
provided on the exterior surface of the luminaire housing (forming shell) of a wet-niche luminaire, the
mounting bracket of a no-niche luminaire, and the enclosure of a dry-niche luminaire, for the connection of
an 8.4 mm? (8 AWG) solid copper conductor to facilitate bonding the luminaire housing or mounting
bracket or dry-niche luminaire enclosure to the common bonding grid of a swimming pool. The pressure
terminal connector shall comply with the requirements in 11.1.4 — 11.1.15.

26.2.3 The impedance between a dead-metal part and an 8 AWG copper conductor connected to the
bonding grid onductor terminal specified in 26.2.2 shall be maximum 0.020 ohm. Compliance is to be
confirmed by fhe Bonding Millivolt Drop Test, Section 38.

Exception: THe impedance from a location on a dead-metal part to an 8 AWG copper condugtor connected
to the bonding grid conductor terminal is not required to be maximum 0.020 okim'or to be slibjected to the

a) All gdead-metal current paths between the candidate dead-metal part location and gll other dead-
metal |parts that are capable of being inadvertently and diréctly energized through the failure of
electrigal insulation, electrical spacings, or both, must include a dead-metal part that is bonded to
inal specified in 26.2.3 with an impedance of maximum 0.020 ohm. Energization of a dead-
art through the manner described in (a) or-(b) of the Exception to 26.1.P is not to be

b) All flead-metal current paths between the Candidate dead-metal part location anfd each and all
-circuit equipment grounding conductors (other than the equipment grounding conductor
within fthe flexible cord of a wet-niche or ho-niche luminaire) must include a dead-metal part that is
bonde to the terminal specified in 26:2:2, with an impedance of maximum 0.020 ohm as specified
in 26.2.3. For wet-niche and no-nichie luminaires, all dead-metal current paths to the equipment
groundling conductor and conduait-specified in 26.1.4 (b) and (c) shall still include a dpad-metal part
that islbonded to the terminal-specified in 26.2.2, with an impedance of maximum 0.020 ohm.

26.2.4 The Exception to 26.2.3/does not preclude the requirement that the involved dead-metal part be
bonded to thg 8 AWG copper-conductor connected to the bonding grid conductor terminal ps specified in
26.2.3. Only the magnitude-of the bond impedance is exempted.

27 Drainage and:Water Entry

27.1 A dry-nictretfumimaire shatt-have provision for draimage; befow thetfowesttivepart,to prevent the
accumulation of water within the luminaire.

27.2 Where needed to comply with the Temperature Test, Section 33, wet-niche and no-niche luminaires
shall be provided with at least four openings to permit free passage of water from the pool, fountain, or the
like into the wet-niche luminaire housing and between a no-niche luminaire and its mounting bracket. Such
openings shall be of a size and be distributed around the circumference of the bezel so as to reduce the
likelihood of being blocked or plugged during installation.

28 Integral Overheating Protection

28.1 A luminaire shall be provided with integral protection against overheating and shall be subjected to
the Abnormal Operation Tests, Section 34.
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Exception: A luminaire evaluated in accordance with the exception to 33.1 as acceptable for continuous
operation out of water is not required to be provided with integral protection against overheating.

28.2 If the integral protection against overheating is a one-time device (such as a thermal cutoff), it shall
be tamperproof and the instructions shall include the information specified in 44.6.

Exception: Deleted

28.3 When protection against overheating is provided by a heat-sensitive device, such as a thermostat
or thermistor, it shall have a current rating not less than the rated luminaire wattage divided by the rated
luminaire voltage, and a voltage rating not less than the rated voltage of the luminaire.

CONSTRUCTJON — LUMINAIRE HOUSINGS (FORMING SHELLS) FOR WET-NICHE LUMINAIRES
29 General

29.1 The mechanical strength of a luminaire housing and mounting bracket shall be such afs to withstand
all conditions ¢f intended use.

29.2 Tin-lead solder shall not be used for the fastening of seams or’ the” assembly of parts [of a luminaire
housing.

29.3 A metal luminaire housing and mounting bracket shall-be of copper or a copper alloy|having a zinc
content not in gxcess of 15 percent, or of an equivalent corresion-resistant metal. Aluminum and aluminum

alloys shall nof be used.

29.4 Paint, gnamel, or other coatings that inhibit‘bonding of parts or reduce the electric-field shielding
effect (where equired) shall not be used on ejther the inside or the outside of a luminaire hoysing.

30 Sheet Mgtal

30.1 The thi¢gkness of sheet metal.in a luminaire housing and mounting bracket shall be gs indicated in
Table 30.1.

Table 30.1
Minimum thickness of sheet metal
Drawn or spun Drawn or spun Fabricated sheet
stainless steel.? stainless alloy,® metal,
Location mm (inch) mm (inch) mm (inch)
At any point where a conduit hub is secured 0.51 0.020 1.02 0.040 1.02 0.040
At any other point:
Housing that is 305 mm (12 inches) or less 0.51 0.020 0.51 0.020 1.02 0.040
diameter
Housing that is over 305 mm diameter 0.51 0.020° 0.51 0.020° 1.02 0.040

@ Metal other than stainless steel or copper alloy, 0.51 mm (0.020 inch) minimum, is not prohibited from being used when
equivalent strength and rigidity are provided.

b A greater thickness may be required when equivalent strength and rigidity are not provided.

31 Cast Metal

31.1 The thickness of cast metal shall be as indicated in Table 7.1.
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32 Connections for Wiring Systems

32.1

A luminaire housing and mounting bracket shall have provision for the connection of rigid metal or

nonmetallic conduit of a size that will accommodate the flexible cord described in 10.3 and 11.2.1

supplying the

luminaire with which the housing is to be used.

PERFORMANCE

33 Temperature Test

33.1
shall not exc

ed the temperature ratings of the materials used.  If the supply conductars

When the luminaire is operated continuously at maximum rated wattage, the temperature attained

of a dry-niche

luminaire exg
accordance w

Exception: A
operated in a

33.1A If pro
this test shall
100 W) adjust

Note: For examp
input voltage adj

33.2 A wet-
the intended
the forming s
other require
simulated po
bracket are to
The water te
temperatures

33.3 To pre
thermocouple
extends abov

33.4 Adry-n

Iiche or no-niche luminaire is to be mounted in its forming shell or to its moun

eed 60°C (140°F), the luminaire shall be marked for 75°C (167°F) supply.
ith 44.15. The luminaire shall be tested as described in 33.2 — 33.4.

uminaire that is not marked to submerse before lighting, in accordance with
" at room temperature.

vided with a screwshell lampholder and marked (per 44.3A) for a self-ballas
be performed with the next highest wattage standard_ incandescent lamp (i.e,
ed to dissipate 10% (£2%) more than the marked wattage.

e, a luminaire marked for use with 15 Watt LED lamps shalkbe fitted with 40 W incandescent t
sted so they dissipate 16.5 £0.3 Watts during the temperature test.

anner, with the flexible cord passingiout through a 1-m (3-foot) length of cond
nell. The mounting bracket for a no-niche luminaire shall be mounted to a plyj]
| structure simulating a pool wall, to restrict water circulation between the
bl wall as in the intended installation. The luminaire and luminaire housin
be completely submergediin a tank of water with the face of the luminaire in a
mperature in the tank is to be maintained between 20 — 30°C (68 — 8
measured on the luminaire are to be corrected to a water temperature of 25°C

ent the entranee of water into the luminaire, it may be necessary to prov
entrance,into the luminaire. A tube that is welded to an opening in the lum
b the water.level may be used for this purpose, or equivalent means may be us

ichedluminaire is to be installed in an opening in one side of a tank of water, g

of the luminai

conductors, in

44.4, shall be

ed LED lamp,
, 40, 60, 75 or

pst lamps and the

ting bracket in
uit attached to
wood panel or
luminaire and
j or mounting
vertical plane.
6°F), and the
(77°F).

de means for
naire and that
ed.

o that the face

be brought out

through a 1-m (3-foot) length of rigid metal conduit attached to the luminaire in the intended manner. The
open end of the conduit is to be closed by cotton loosely packed around the supply conductors and the
thermocouples where they emerge from the conduit. The water temperature in the tank is to be maintained
between 20 — 30°C (68 — 86°F), and the temperatures measured on the luminaire are to be corrected to a
water temperature of 25°C (77°F).

34 Abnormal Operation Tests

34.1 To determine compliance with the requirement in 28.1, a luminaire is to be tested as described in
34.2 - 34.6.

34.2 The luminaire is to be operated continuously under the applicable abnormal conditions described in
34.3 — 34.6 at rated lamp wattage using the highest wattage lamp or lamps for which the luminaire is
marked, until ultimate results have been obtained. Results are in compliance when the rated temperature
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of any material used in the luminaire is not exceeded by more than 30°C (54°F) at any time during the test
and, for a wet-niche and no-niche luminaire, when the external temperature of any part of the luminaire
that is likely to be contacted by the flexible cord does not exceed the temperature rating of the cord by
more than 30°C.

Exception: It is not prohibited for the temperature limit identified in 34.2 to be exceeded during the first two
cycles of an automatic-reset type temperature control as described in 34.3.

34.3 An automatic-reset-type temperature control used as the integral overheating protection required in
28.1 may have temperature cut-off characteristics that allow a temperature higher than the calibrated
opening temperature of the control during the first two cycles of operation. The first two cycles of operation
are defined as the temperature rise after the first and second functioning of the temperature control in

each test con
these first two
rated tempera

344 A wet-
luminaire is tq
flexible cord ig
passed out th
luminaire houg

plane. The lunpinaire is to be operated in each case until ultimate results are obtained, first w

the tank, then
and then 75 p

flat wooden deck. The water temperature in the tank is tobe maintained between 20 — 30°(

and the temg
temperature o

34.5 To preV
thermocouple
extends above

34.6 Adry-n
of the luminai
ultimate resulf
percent of the
thermocouples
luminaire in th
around the suy

Hition, followed by the temperature decline to the lowest point before rising
cycles only, the temperature of any of the materials used in the luminaire’ma
ure limit by not more than 55°C (118°F).

iche luminaire is to be mounted in its forming shell in the intehded manng
be installed on its mounting bracket and simulated pool wall, as specified
to be wrapped two full turns around the luminaire enclosure.or cord-wrap fed
rough a 1-m (3-foot) length of conduit attached to the forming shell. The
ing or mounting bracket are to be placed in a tank withthe face of the luminai

with the luminaire and luminaire housing or mounting bracket submerged in tu
prcent, and finally with the luminaire out of thekniche while still wet and lying o

eratures measured on the luminaire are to be corrected to an ambient
25°C (77°F).

ent the entrance of water into, the luminaire, it may be necessary to provi

entrance into the luminaire.-A_tube that is welded to an opening in the lumi
the water level may be used-for this purpose, or equivalent means may be us¢

che luminaire is to be.installed in an opening in one side of a tank of water, sq
s are obtained, first with no water in the tank, and then in turn with 25 pg

are to be/brought out through a 1-m (3-foot) length of rigid metal conduit a
e intended manner. The open end of the conduit is to be closed by cotton Ig

again. During
exceed their

r. A no-niche
in 33.2. The
ture and then
uminaire and
'e in a vertical
th no water in
rn 25 percent
N its side on a
C (68 — 86°F),
water or air

de means for
haire and that
pd.

that the face

e is exposed to theinside of the tank. The luminaire is to be operated in egch case until

rcent and 75

vertical heightof the face of the luminaire exposed to water. The supply conduictors and the

tached to the
osely packed

pply conductors and the thermocouples where they emerge from the cond

temperature i

nthe” tank is to be maintained between 20 — 30°C (68 — 86°F), and the

it. The water
temperatures

measured on

e fuminaire are o be corrected to an ambient water or air temperature of 25°C (77°F).

| 347 Deleted

35 Water Leakage Test

I 35.1 A luminaire shall be operated for 6 hours under a 31-cm (1-foot) head of water as measured to the
top of the lens, in cycles of 1/2 hour on and 1/2 hour off. The results are in compliance when there is no
entry of water into the luminaire.

I 35.2 The jacket of a cord immersed in water after installation is to be removed for a distance of at least
25.4 mm (1 inch), the removed portion starting at a distance of 15.2 cm (6 inches) outside the point of
I entry into the luminaire. This section of the cord is to be completely immersed in the water during the test.
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35.3 Unless the luminaire construction provides for venting the luminaire enclosure during intended use,
a tube such as described in 33.3 is not to be used during the water leakage test described in 35.1.

36 Dielectric Voltage-Withstand Test

36.1 A luminaire shall be subjected for 1 minute to the application of a potential in accordance with Table
36.1. There shall be no dielectric breakdown.

I Note: Surge protective devices bridging the circuit locations under test may be removed for this test.

Table 36.1
Biet re-Vort Withstand-Potential

Test potentidl, V ac(" Circuit location

Between primary circuits and accessible dead or grounded conductive parts

Between secondary circuits operating at greater than 70 V peak and@ccessible dead or grounded
2v + 1000 conductive parts

I Between the primary and secondary windings of an isolating.transformer

Between isolated circuits operating at different potentials, one or more of which exceed 70 V peak

500 Between a secondary circuit operating above 15 Vag,or 30 Vdc, up to 70 V peak and|accessible
dead or grounded conductive parts

500 Between two secondary circuits, one or more.of which exceeds 15 Vac or 30 Vdc upfto 70 V peak

500 Between the input leads of a low voltage lGminaire and any conductive (metallic) pars of the

luminaire intended to be exposed after installation

() The test may|be conducted using a DC potential at 1.414 times:the AC potential.

36.2 The tegt is to be conducted immediately following the water leakage test described in 35.1. The
luminaire is tq be tested by means of a 500=volt-ampere or larger transformer, the output vgltage of which
is sinusoidal @and can be varied. The applied potential is to be increased from zero until the required test
value is reached, and held at that value’for 1 minute. The applied potential is to be increasgd at a uniform
rate, and as rapidly as accurate voltmeter readings will allow.

37 Strain-Relief Test

37.1 A straip-relief device shall be subjected to a direct pull by means of a 22.7-kg mass (50-pound
weight) appligd to the.cord as described in 37.2.

37.2 The P Hstobe app“cd by ouopclld;lly 22 ky mMass (50 puund vvc;yht) enthe—eerd so the pU” is
in a direction normal to the plane of the fitting through which the cord enters the luminaire. The cord
conductors are to be severed immediately adjacent to the terminals or splices when it is determined that
the permitted movement of the cord results in strain on the terminals or splices. The pull is to be
maintained for 1 minute. The construction is in compliance when there is no movement of the cord more
than 3.2 mm (1/8 inch) from the point where it exits the luminaire.

38 Bonding Millivolt Drop Test
38.1 General

38.1.1 The impedance between the parts specified in 26.1.4, 26.1.5, and 26.2.3 is to be determined as
specified in this section. This is to be done by measuring the voltage potential between the specified points
while a test current of 30 amperes (AC or DC) conducts through the specified parts and not less than 15
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seconds after applying the test current. The impedance is to be determined by taking the quotient of the
measured voltage potential and the test current. The test is to be performed with the product dry.

38.1.2 The test equipment used to monitor the current is to indicate the test current with a resolution and
accuracy of 1/2 ampere or better.

38.1.3 The test equipment used to measure the voltage potential specified in 38.2.1.1, 38.2.2.1, and
38.3.1 is to indicate the measured voltage with a resolution and accuracy of 3 percent of the involved
maximum permitted voltage potential or better.

38.1.4 Within 1 hour prior to conducting this test, all screws that are loosened and tightened during
relamping, gasket replacement, or other anticipated servicing, are to be loosened and then tightened with

a screwdriver
torque is to be|

to the following torque based on the screw size. When tightening the screws
held for 5 £1 seconds.

the specified

Screw size Tightening torque
3.5mm (6 AWG) 1.4 N-m((42\Ib-in)
4.2 mm (8 AWG) 1.8 Nm(16 Ib-in)

4.8 mm (10 AWG) 2.3 N'm (20 Ib-in)

38.1.5 Soms
final position (¢
The different {
between such
positioned or
encountered d

38.2 Grounc
38.2.1 Wet-r

38.2.1.1 For
volt (correspo
metal part sp

connected to a supply-cifcuit rated more than 20 amperes and not greater than 60 amperes,

a voltage pot
conducting 30

swimming pool luminaires are built with a joinf:between two dead-metal p3g
f the parts may vary between two installations-or between various instance
ositions such parts may acquire may alsg.séerve to vary the quality or existe
parts. When such a joint is involved, this test is to be conducted with the
electrically isolated in a manner representing the most adverse variation
uring installation or as a result of servicing.

-fault current path impedance determination

iche and no-niche luminaires

a wet-niche and ‘no-niche luminaire, there is to be a voltage potential of not
nding to a maximum, 0.050-ohm impedance conducting 30 amperes) betwegq

bcified in 26:1.3 and each location specified in (a) — (c). For a luminaire

ential_of-not more than 0.90 volt (corresponding to a maximum 0.030 oh
amperes) between the dead-metal parts specified in 26.1.3 and the following |

rts where the
5 of servicing.
hce of a bond
involve parts
hat might be

more than 1.5
n each dead-
that must be
there is to be
m impedance
bcations:

a) The

grounding conductor within the flexible cord.

b) Rigid, metallic conduit connected to the luminaire housing or mounting bracket (the conduit is to
be tightened to the torque specified in 11.1.3 prior to the test).

c) An 8.4 mm? (8 AWG) stranded copper conductor connected to the grounding conductor terminal
on the wet side of the forming shell or mounting bracket.

Exception No. 1: The test is not required for the dead-metal parts specified in the Exceptions to 26.1.4.

Exception No. 2: The test involving rigid metallic conduit is not required for luminaire housings with plastic
hubs or sockets and without any means for bonding dead-metal parts to connected metallic conduit.

38.2.1.2 For testing involving the conduit, one leg of the current source circuit is to be connected to the
rigid metallic conduit not less than 13 cm (5 inches) from the hub on the luminaire housing or mounting
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bracket. For testing involving the 8 AWG conductor connected to the grounding conductor terminal on a
luminaire housing or mounting bracket, one leg of the current source circuit is to be connected to the
conductor not less than 15 cm (6 inches) from where the conductor connects to the terminal. For testing
involving the grounding conductor of a flexible cord, one leg of the current source circuit is to be connected
to the grounding conductor not less than 15 cm from where the flexible cord enters the luminaire.

38.2.1.3 The remaining leg of the current source circuit is to be connected at a location on each dead-
metal part that is representative of where current enters the part as described in 26.1.3. Only one location
is to be connected at a time during the test. The conductor used to introduce the test current into the dead-
metal part is to be minimum 15 c¢m (6 inches) long, not smaller than a 10 AWG (5.3 mm?) copper or an 8
AWG (8.4 mm?) aluminum conductor, and soldered, brazed, or welded to the dead-metal part.

he dead-metal
or by drilling a
inal connector

Exception: en all involved agree, the conductor is not prohibited from being secured to {
part in a manper that results in more impedance in the joint, such as with a spring-type clip,
hole in the dg¢ad-metal part and securing the conductor with a crimped-on, loop-type-term
with screw angd nut.

38.2.1.4 Ong voltage probe is to be connected to the conductor supplying.the 30-amperd current to the
dead-metal part under test 5 £1 cm (2.0 £0.4 inch) from where the conducter'terminates on the dead-metal
part.

38.2.1.5 For
mm (1/8 inch

the conduit 3
inaire housing
nected to the

testing involving the conduit, the second voltage grobe is to be connected tgq
from the conduit hub. For testing involving the conductor connected to the lum
or mounting Iracket grounding conductor terminal, the second voltage probe is to be co
conductor (cn%)nducting the test current) 5 +1 cm (2 1£0.4.inch) from where the conductor cpnnects to the
terminal. For {esting involving the grounding conductor’ef a flexible cord, the second voltage probe is to be
connected to the grounding conductor 5 £1 cm from;where the flexible cord enters the luminaire.

38.2.2 Dry-piche luminaires

38.2.21
(corresponding to a maximum 0.050-ohm impedance conducting 30 amperes) between ea
part specified in 26.1.3 and a 12"AWG (3.3 mm?), copper conductor connected to the te
provided for ponnection of thé ‘supply-circuit, equipment-grounding conductor. For a lur

Fof a dry-niche luminaire,~there is to be a voltage potential of not more than 1.5 volts
ch dead-metal
rminal or lead
ninaire that is

connected to p supply circuit\rated more than 20 amperes and not greater than 60 amperes
a voltage pofential of net.more than 0.90 volts (corresponding to a maximum, 0.030-oH
conducting 3( amperes)between these locations.

Exception: THe testis not required for the dead-metal parts specified in the Exceptions to 26|

| there is to be
m impedance

7.5,

38.2.2.2 One leg of the current source circuit is to be connected to the 12 AWG (3.3 mm?) conductor not
less than 15 cm (6 inches) from the point where the conductor terminates at the equipment-grounding
conductor terminal or lead in the luminaire splice compartment.

38.2.2.3 The remaining leg of the current source circuit is to be connected at a location on each dead-
metal part that is representative of where current enters the part as described in 26.1.3. The
characteristics specified in 38.2.1.3 for the remaining leg of the current source and its connection to the
dead-metal part also apply.

38.2.2.4 One voltage probe is to be connected to the conductor supplying the test current to the dead-
metal part under test 5 +1 cm (2 0.4 inch) from where the conductor terminates on the dead-metal part.
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38.2.2.5 The second voltage probe is to be connected to the 12 AWG (3.3 mm?) conductor (conducting
the test current) 5 £1 cm (2 £0.4 inch) from the point where the conductor terminates at the equipment
grounding conductor terminal or lead in the luminaire splice compartment.

38.3 Impedance to pool bonding grid determination

38.3.1 There shall be a voltage potential of not more than 0.60 volts (corresponding to a maximum 0.020
ohm impedance conducting 30 amperes) between an 8 AWG (8.4 mm?) solid copper conductor connected
to the bonding grid conductor terminal and each dead-metal part of the luminaire, luminaire housing, and
mounting bracket.

Exception: The test is not required for the dead-metal parts specified in Exception No. 1 to 26.2.1.

38.3.2 One leg of the current source circuit is to be connected to the 8 AWG (8:4 Imm?) conductor
connected to the pool bonding grid conductor terminal not less than 15 cm (6 inches) from tHe point where
the 8 AWG conductor connects to the terminal.

38.3.3 The second leg of the current source circuit is to be connected at allocation on eagh dead-metal
part. When th¢ dead-metal part is adjacent to or enclosing wiring, splices, tampholder termlinals, thermal
protectors, andl other live parts, the second leg of the current source circuit is to be connectefl at a location
representativel of where current would enter the part in the event-a-fault involving the live part occurs.
When the dead-metal part is not adjacent to or enclosing a live part; the second leg of the gurrent source
circuit is to bg connected to the location on the part nearest,electrically, a swimmer in contact with the
luminaire. Only one location is to be connected at a time during the test. The method of connection, and
the conductor fo be used, is to be as indicated in 38.2.1.3-

38.3.4 One yoltage probe is to be connected to the conductor supplying the test current to the dead-
metal part under test 5 +1 cm (2 0.4 inch) from where the conductor terminates on the deadimetal part.

38.3.5 The second voltage probe is to be-connected to the 8 AWG conductor (conducting the 30-ampere
current) 5 +1 dm (2 £0.4 inch) from where\the conductor terminates at the bonding grid condyctor terminal.

39 High Current Test

39.1 This tedtis to be conducted when:

a) A dgead-metahlpart is capable of contacting the lamp filament or filament support jwith the lamp
envelope breken and

b) The|dead-metal part's presence and its bond to an equipment grounding conductor is relied
upon to comply with the Electric Shock Test, Section 41.

The capability of contact referenced in (a) is to be assessed after all parts have stopped moving upon lamp
envelope breakage, not during part motion associated with lamp envelope breakage. Sections of a lamp
spring or a lamp clip are examples of dead-metal part locations that meet the criteria specified in (a) and
(b). Contact assessment is completed after the lamp spring or lamp clip has stopped moving upon lamp
envelope breakage.

39.2 The ground-fault current path from dead-metal part locations that are capable of being contacted by
the lamp filament or filament support with the lamp envelope broken shall withstand, for a period of time, a
current as specified in Figure 39.1.
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Figure 39.1

Test current value and duration and need for marking specifying supply circuit rating
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provided? =20A = [5c—rating- ¥
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LEGEND: v v
Ttest current 1S the required test current duration. Lest =

V| —rated 18 the luminaire voltage rating.
I —rateq is the luminaire current rating.
Isc-rating s the supply circuit current rating.

Isc-rating-assumed 15 the assumed supply circuit current rating.

2 X1 sc-rating—assumed

I'sc-roting-morked i the marked supply circuit current rating.

S4376A

End
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39.3 As aresult of this test, all parts of the luminaire shall not be affected to the extent that the luminaire
no longer complies with any other requirement in this standard. Compliance with the Electric Shock Test,
Section 41, is to be considered. The ability of a lamp spring or lamp clip (if involved) to deflect for lamp
replacement and also, when necessary, to flex back to a position enabling compliance with the electric
shock test shall not be compromised. A lamp spring or lamp clip involved in the high current test shall
demonstrate this ability by withstanding 30 lamp replacements and 30 simulated lamp envelope
breakages (simulated with lamp removal).

39.4 Assessment of the requirement in 39.3 is to be performed after all applicable luminaire parts have
been allowed to cool to room temperature following application of the test current.

39.5 The testis to be performed with a dry product.

.12 with the

39.6 When
maximum ratir

equired in Figure 39.1, the luminaire shall be marked as specified-in 4
g for the supply circuit overcurrent protection device.

39.7 The prd
conducting thi

39.8 Where
with luminaire
to the sample

39.9 The se
part where the
envelope brok
minimum 15 @
aluminum con

Exception: Up
dead-metal pq
by drilling a hc
connector with

39.10 Thes
time period pr

40 Swimme

visions of 38.1.2, 38.1.4, 38.1.5, 38.2.1.2, and 38.2.2.2, as applicable, sha
5 test.

wo or more equipment grounding conductors are intended’to be connected to
housing or luminaire mounting bracket, if involved, atl'such conductors shall
Linder test and connected together at the current seurce circuit.

tond leg of the current source circuit is to be connected to the location on th
lamp filament or filament support is capable‘of contacting the dead-metal part
en. The conductor used to introduce _the test current into the dead-metal
m (6 inches) long, not smaller than @;10 AWG (5.3 mm?) copper or an 8 A
Huctor, and soldered, brazed, or welded to the dead-metal part.

on agreement from all involved, the conductor is not prohibited from being S
rt in @ manner that results jn more impedance in the joint, such as with a sprin
le in the dead-metal part-and securing the conductor with a crimped-on, loop
screw and nut.

mple is to be . subjected to the test current for the time period specified in Figy
cision of #2/=0 seconds.

r Impact Test

Il apply when

the luminaire
be connected

e dead-metal
with the lamp
part is to be
VG (8.4 mm?)

ecured to the

g-type clip, or
-type terminal

re 39.1 with a

40.1 The lur

iraire stattwithstandthreeimpactsapptied by themethod describedim402=

40.4 without:

a) Breaking of the lens or panel in such a manner that injury to persons could result and

b) Producing any mechanical distortion or displacement of the luminaire that would result in failure
to comply with the requirements in any one of the following: 6.1, 9.1, 9.2, 13.1 — 13.3, 35.1,

38.2.1.

1,38.2.2.1,38.3.1,0r41.1.

40.2 The impacts are to be applied by an apparatus consisting of a driving mass and a deceleration unit.
For a wet-niche luminaire, a simulated niche mounting as specified in Figure 40.1 — Figure 40.3, or the
equivalent, is to be used. Each of the three impacts may be applied at a different location on the surface of
the luminaire exposed to swimmer contact. In the selection of these impact points or locations,
consideration is to be given to points of contact that could lead to lens breakage, fracture of lens grids or
guards, and twisting or loosening of the luminaire within the luminaire housing or on its mounting bracket.
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Figure 40.1

Decelerating unit

5.6
DIA. HOLEp

SC0694B

Note — Dimensio

102 DIA.
44.5 DA,

SECTION A-A

SECTIONMB-B
s are in mm. See Table 40.1 for item descriptiens.
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(SEE PARTS LIST )

SECTION D-D

SECTION CH

mm (inches)
24 3/32
3.2 1/8
586 7/32
6.4 1/4
71 9/32
19.1 3/4
30.2 1-3/16
44.5 1-3/4
50.8 2
102 4
112 4-13/32
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Table 40.1
Decelerating unit descriptions

Replaceable aluminum nosepiece.

End caps. Rigid but light assemblies fabricated by riveting and brazing 6.4 mm thick aluminum ribs to
3.2 mm thick aluminum discs. Maximum weight of each end cap, including nosepiece (A) on luminaire

end and striking anvil (E) on driven end, equals 225 +23.4 g (9 £1 ounce).

Spring retaining rings. Aluminum, 102 mm inside diameter, must provide a snug fit on ends of elastomer

spring to restrain radial expansion of elastomer at ends.

Spring material. GRS (butadiene styrene), shore durometer 65, 102 mm outside diameter with 44.5 mm
inside diameter core hole 44.5 mm thick [final trimming of thickness made by a cut and try operation to
obtain a spring constant of 1.17 MN/m (6700 pounds per inch) at a 6672 N (1500-pound) static loading

for the entire deceleration unit]. This material is available as 102 mm outside diameter, 1

diameter Cylinder Spring Rubber stock used for punch press and die stripper serviceifro|
rubber goods supply houses. Inside diameter is enlarged to 44.5 mm by grinding of with

Driving end striking anvil. Steel, single unit or fabricated in two sections, approximate sp|

Replaceable sheet lead or nitrile rubber buffer pad, 50.8 mm in diameter, A.6.cnm (1/16 i
Used over nosepiece when bearing against glass surfaces. Compliant résults obtained
are acceptable. Alternative materials with a Type A Shore durometer hardness of 60 (+5
acceptable.

Three 6 — 32 steel screws per end cap.

9.1 mm inside
Im mechanical
a hole saw.

herical surface.

hch) thick.
vithout the pad
are

A O DN

Light gage brass or aluminum rivets.
3.2 mm diameter steel pop rivets. Cinched ends expand into the holes drilled through th
Aluminum braze all rib joints at plates.

Counter bore all end cap plates at rivet holesto make rivet heads flush with exterior surf]

b end cap ribs.

ACeS.
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Simulated niche mounting

Figure 40.2
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s are in mm. See Table 40.2 for item descriptions.

Sl equivalents

SECTION A-A
WITH LARGE LUMINAIRE

mm (inches)

241 9-1/2

343 13-1/2
32

813
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Table 40.2
Simulated niche mounting descriptions

m O O o >»

n

Mounting plate, steel, 813 by 813 by 12.7 mm thick.
Cold-rolled steel, 6.4 by 28.6 by 152 mm, one per bracket.
Bolts, steel, 12.7 mm, three per bracket.

Cold-rolled steel, 6.4 by 152 by 203 mm, two per bracket.

Mounting bolt, steel, 16 x 178 mm, one per bracket. Threads into mounting plate (A), provided with
44.5 mm diameter flat washer under head to clamp both side plates (D) simultaneously.

Cold-rolled steel, 19.1 by 63.5 by 254 mm, one per bracket.
Cold-rolled steel, 12.7 by 31.8 by 63.5 mm, one per bracket.

Screw, steel, 6.4 by 50.8 mm. Threads through (K), used to clamp forming shell bezel
bracket. 1 per bracket.

Bolt, steel, 9.5 by 76.2 mm, one per bracket. May be loosened to allow clamp'to be turi
luminaire when extension posts N are used or if extra clearance is needed.for the imp3|

Cold-rolled steel, 12.7 by 31.8 by 63.5 mm, one per bracket.
Spacer, 31.8 mm length of 19.1 mm pipe.

Bolts, steel, 9.5 by 38.1 mm, two per bracket. Used only when-extension posts (N) are
into part (F).

Extension posts, cold-rolled steel, 31.8 by 31.8 by 381“mm, one per bracket. Used only
for testing a luminaire which is too deep for mountingdn the unextended bracket.

Screw, any convenient size, threads into (N), used with washers or other appropriate h
clamp the forming shell bezel to the end of the extension post.

b end of

ed away from
ct device.

lsed. Thread

when required

ardware to

N

0o N O O A WN

©

Drill and countersink for flat head wall anchor bolts.
Drill and tap for 15 mm bolt threads.
Vertical concrete building foundation wall or an equivalent, solid masonry mass.

Mounting plate is grouted towwall on which it is fastened, maximum thickness of groutin
voids or air pockets permitted in grout.

Luminaire forming sheil:
Luminaire mounted inside the forming shell in intended manner.
Weld of braze.

Pipe caps pr other cup-shaped pieces welded or brazed to back of mounting plate to p!
fromfilling bolt holes and to form recesses for the extension of bolt (E) threads beyond

Quter bolt circle shown being used to accommodate a large luminaire.

Each individual luminaire support bracket may be maneuvered along and around its m
to locate it in its most effective position for support of forming shell bezel. Mounting bolf
located in either the inner or outer bolt circle to accommodate a wider range of luminair

j 32 mm, no

event grout
plate.

bunting bolt (E)
(E) may be
e sizes. After

HH H £l L leattlo bhelalim\ iad ot toloale thho ol il [
PoOSttong o tneoracKkeTtheasSembry Dot (1S GfawntgnttoroCkhematvituarora

cket, then

screw (H) or (P) is tightened to lock the forming shell. Depending upon physical obstructions on
forming shell bezel, it is possible that not all of the 12 brackets may be successfully positioned to

support forming shell. But in no case are less than 10 brackets to be used to support th
and luminaire during performance of impact tests.

e forming shell

See Table 40.3 for Sl equivalents.
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Table 40.3
Sl equivalents

Note mm (inches)
813 by 813 by 12.7 32 by 32 by 1/2

B 6.4 by 28.6 by 152 1/4 by 1-1/8 by 6
C 12.7 1/2
D 6.4 by 152 by 203 1/4 by 6 by 8
E 15.9 by 178 5/8 by 7

445 1-3/4
= 194 by 63.5 by 254 34 by 2-1/2 by 10
G 12.7 by 31.8 by 63.5 112 by 1-HABY 2-1/2
H 6.4 by 50.8 Mby 2
J 9.5 by 76.2 3/8by 3
K 12.7 by 31.8 by 63.5 1/2 by 1-1/4 by 2-1/2
L 31.8 1-1/4

19.1 3/4
M 9.5 by 38.1 3/8 by 1-1f2
N 31.8 by 31.8 by 381 1-1/4 by 1-1/4|by 15
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Figure 40.3

Impact device

LO-
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3

q

4C0696A ENDAVIEW

Luminaire with lens, mounted in forming shell.

Deceleration unit, supported.as.a pendulum by two light cables of any convenient length. Con
Figure 40.1. Nosepiece with sheet lead buffer pad positioned in direct contact with lens (no sp:

Driving mass, 10.9 kgy(24 pounds), 76.2-mm (3-inch) diameter, 305-mm (12-inch) long cold-ro|
stock, or equivalent ¥igid steel or iron mass. Supported as a pendulum by four cables of any cd
length. Drawn back to elevate mass 114 mm (4.5 inches), then allowed to fall freely against de

Forming shell imbedded in concrete, orssupported by an equivalent rigid mounting; see Figure

truction as per
hcing).

led steel round
nvenient
celeration unit.



https://ulnorm.com/api/?name=UL 676 2024.pdf

APRIL 9, 2024 UL 676 39

40.3 The luminaire housing of a wet-niche luminaire or the luminaire enclosure of a dry-niche luminaire is
to be mounted in the simulated niche or equivalent, resulting in the firmest mounting likely to be
encountered in service. The mounting bracket shall be mounted to a simulated pool wall that results in the
firmest mounting encountered in service. The nosepiece of the deceleration unit is to be placed normal to
the surface of the luminaire chosen at the point of contact. The line of motion of the mass driving the
deceleration unit during the application of force to the luminaire is to be horizontal and in line with the axis
of the deceleration unit.

40.4 A sheet lead or nitrile rubber buffer pad (item F of Figure 40.1 and Table 40.1) is to be secured over
the point of contact, and the deceleration unit and driving mass are to be suspended as shown in Figure
40.3. The driving mass is to be raised a total height of 114 mm (4.5 inches) and released.

41 ElectricfhockTest
41.1 General

41.1.1 A luminaire shall be investigated with regard to the risk of electric shockwith:
a) Its lens broken;
b) A gfound on either side of an isolated supply; and

¢) Thelswimmer in contact with the luminaire.

The results afe in compliance when the luminaire does notintroduce a current density (D) greater than 30
microampere$ per square centimeter.

Exception: Fdr a luminaire intended to be connectéed directly to a grounded supply, the current density (D)
may be 60 mitroamperes per square centimeter with the polarity of the luminaire leads revefsed.

41.1.2 The [test conditions described«in 41.1.3 — 41.1.11 apply to incandescent lamp luminaires
constructed spch that no part of eitherlamp electrode is more than 76 mm (3 inches) from @n uninsulated
part of the opposite polarity lamp electrode or grounded luminaire enclosure. The distance gpecified is the
conductive path distance through-water of a flooded luminaire with the lamp modified af described in
41.1.6. Intervening nonconductive parts of the luminaire and the glass of a PAR lamp reflgctor are to be
taken into acgount in measuring these distances. For other luminaire constructions, an investigation is to
be conducted to determine the test conditions necessary to obtain the current density| or differential
current.

41.1.3 The following is a description of the test-modified luminaire shown in Figure 41]1. The widest
forming shell bezel of a wet-niche Tuminaire forming shell that is infended o be used with the luminaire is
to be removed from the forming shell and attached to the luminaire bezel. With the luminaire lens and the
lamp or lamps removed, a "contact surface" is to be established that approximates the surface of contact
between a swimmer and the front of the luminaire. All surfaces of the luminaire, luminaire bezel, shielding
grids, lens guard, or the like extending from this established contact surface into the interior of the
luminaire are considered to be interior surfaces of the luminaire for the purposes of this test. All other
surfaces, either located on the established contact surface or on the outer surface of the luminaire, are
considered to be exterior surfaces of the luminaire for the purpose of this test.
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Figure 41.1

Test modified luminaire
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41.1.4 All interior surfaces of the luminaire are to remain unmodified.

Exception: Conductive parts having coatings (such as paint), the insulating properties of which are in
question, are to be covered with additional insulating material, or the coating is to be completely removed
to expose the conductive parts, whichever produces the most adverse results.

41.1.5 All exterior surfaces of the conductive parts of the luminaire, luminaire bezel, forming shell bezel,
shielding grid, lens guard, or the like are to be coated with an insulating material. Of these coated exterior
surfaces, those surfaces which also form part of the contact surface are to be covered with copper foil in
such a way that the foil is not electrically connected to the luminaire bezel, grid, guard, or the like. An
insulated lead is to be attached to the copper foil for connection in the circuit shown in Figure 41.2.

Figure 41.2

Measuring circuit

/—A

log

SUPPLY

(2]

O R
GROUNDED

/

8——"

GROUNDING

N
_/

IMPEDANCE
SBO698A 0.10 OR LESS

A — Not more thpn 1.8 m (6 feet) of corchor wire.

B — Not more thn 3.0 m (10 feet) total of a copper conductor of a size consistent with the current rating of the lum{naire, but not
less than 3.3 min? (12 AWG).

C — Not more thian 3.0 m tofal 6f a copper conductor 3.3 mm? or larger.

T — Isolation traphsformer:

41.1.6 For the performance of the test, the complete lens is to be removed and the lamp or lamps are to
be modified by the removal of the glass envelope and filament wire, but not the filament leads or supports.
When the positioning of the filament leads or supports is not controlled by the construction of the lamp and
its mounting, the filament leads are to be positioned, within the limits imposed by the construction, by
rotating the lamp or lampholder, or both, to produce the maximum value of current (I) as described in
41.1.9. A PAR lamp is to have only the front section of glass and the filament wire removed.

41.1.7 The modified luminaire is to be placed in a tank constructed of nonconductive material, with
dimensions as illustrated in Figure 41.3.
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41.1.8 The tank is to be filled with water to a height of 71 cm (28 inches). When the luminaire is to be
marked as suitable for use in sea water, the resistivity of the water is to be adjusted to 22 ohm-
centimeters; otherwise, the resistivity of the water is to be adjusted to 300 ohm-centimeters. The resistivity
of the water is to be adjusted by the addition of sodium chloride, or an equivalent salt, to tap water.

41.1.9 The luminaire is to be connected in the circuit illustrated in Figure 41.2. The frequency of the
supply is to be 60 hertz unless the luminaire is otherwise rated. The voltage across the supply leads to the
luminaire is to be maximum rated voltage. When the marked voltage is in the 105 — 120 volt range, the
potential of the supply circuit is to be 120 volts. Current (1, the current that flows from the copper electrode
in the water and the copper foil coating on the luminaire to point G in the circuit) is to be observed from the
time the luminaire is first energized until the reading becomes stabilized, but for at least 30 minutes. The
maximum value of current (I) is to be recorded. The test is then to be repeated with the polarity of the

supply leads the maximum
value of curre

41.1.10 The
personnel co
from incidents

41111 The
by the produd
centimeter wa

D - CJ

f0 the luminaire reversed, with the lamp reoriented, iT necessary, 1o obtan
ht (1), and the maximum value of current (1) is to be recorded.

isolation transformer shown in Figure 41.2 is provided to reduce the~isk of el
nducting the test and to decrease the possibility of errors in measurement t
| conductive paths between the tank water and ground.

value of current density (D) is to be obtained by dividing the recorded value of

ter and 20 for 300 ohm-centimeter water. The referenced values are defined a

rrent density in water, expressed in microamperes per square centimeter.

| — Current expressed in microamperes.

A - T
"conta
expreg

N-T
would

btal opening area of the luminaire. face resulting from the removal of the
ct surface" area of a grid or guare structure (shown in Figure 41.1, center
sed in square centimeters.

ne ratio of the current (l).measured under the conditions of this test to the
flow in the circuit with a person positioned directly over the luminaire.

41.2 Sea water tests

41.2.1 Altho
electric shockK

ugh the braneh-circuit overcurrent protective devices are not considered to reg
, the test Circuit currents are not to be limited by any branch-circuit overcu

ratings. Provi
current that

ions_may therefore be required in the test setup to supply the large mag

ectric shock to
hat may result

the current (1)

t of the area of the face opening (A) and the luminairé«<onstant (N) which is 0 for 22 ohm-

D.

ens, less any
shaded area)

current (1) that

uce the risk of
rrent protector
hitudes of line

ay.result from testing with 22 ohm-centimeter water. However, before procd

eding to large

current suppligsw-it may be advantageous to perform the test first with a setup of rated current capacity, but
starting with reduced voltages. When the obtained value of the current (I) results in an unacceptable value
of current density (D), the test results at rated voltage would also be unacceptable.

42 Gasket Accelerated Aging Test

421 Three specimens of a gasket of neoprene, rubber, neoprene composition, or rubber composition
used to prevent the entry of water into the luminaire shall be subjected to an accelerated aging test as
specified in Table 42.1. Results are in compliance when, following the test, there is no visible evidence of
deterioration (such as cracking after flexing, softening, or hardening).

Exception: Neoprene material is acceptable for 60°C (140°F) and silicone rubber for 105°C (221°F),
without test.
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Table 42.1
Accelerated aging conditions
Measured temperature rise®
More than Not more than
°Cc (°F) °c (°F) Test program®
0 0 35 63 Air-circulating oven aging for 70 hours at 100°C (212°F)

35 63 50 90 Air-circulating oven aging for 168 hours at 100°C (212°F)
50 90 55 99 Air-circulating oven aging for 168 hours at 113°C (235°F)
55 929 65 117 Air-circulating oven aging for 240 hours at 121°C (250°F)
65 112 a0 144 Air. r\irﬁlllaﬁng oven aging for 168 haurs at 1368°C. (')77°F)
80 144 120 216 Air-circulating oven aging for 1440 hours at 150G, (30R°F)
120 216 125 225 Air-circulating oven aging for 1440 hours at 158°C (316°F)
125 225 130 234 Air-circulating oven aging for 1440 hours at164°C (327°F)
130 234 140 252 Air-circulating oven aging for 1440 hours at 174°C (345°F)
140 252 150 270 Air-circulating oven aging for 1440,hours at 184°C (363°F)
150 270 160 288 Air-circulating oven aging for1440 hours at 194°C (381°F)
160 288 170 306 Air-circulating oven agingfor 1440 hours at 204°C (399°F)
170 306 175 315 Air-circulating oveniagirig for 1440 hours at 210°C (41|0°F)
175 315 185 333 Air-circulating oven aging for 1440 hours at 220°C (428°F)
185 333 195 351 Air-circulating oven aging for 1440 hours at 230°C (446°F)
195 351 205 369 Air-circulating oven aging for 1440 hours at 240°C (464°F)
205 369 215 387 Air-circulating oven aging for 1440 hours at 250°C (482°F)
215 387 225 405 Air-circulating oven aging for 1440 hours at 260°C (500°F)

@ Maximum temygerature rise measured on the material during the temperature test.

b Air-circulating ¢ven temperatures specified have a(tolerance of +2°C (+3.6°F).

43 Flexible Cord Guard and Support Test

43.1 Guards|and structural members used to comply with the requirements of 10.10(c) shgll comply with
this test.

43.2 The luminaire;» guards and structural members shall be assembled and rigidly]| mounted as
described in the installation instructions.

43.3 A vertical downward force of 889 N (200 pounds) shall be applied to the guard or structural member
guarding or supporting the flexible cord. A horizontal force of 222 N (50 pounds) shall be applied to the
guard or structural member guarding or supporting the flexible cord.

43.4 When the construction of the guard or structural members is capable of being more adversely
affected by a force consisting of horizontal and downward components, the guard and structural members
shall also be subjected to such a force. The force shall be determined from the following equation:

Force = 667 - sin © + 222, for a force in newtons
Force = 150 - sin 8 + 50, for a force in pounds

in which 6 is the angle above horizontal from which the force is applied.
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43.5 A single sample shall be subjected to the 222- and 889-N (50- and 200-pound) forces and, when
determined applicable, the additional forces described in 43.4. The sample shall not be subjected to more
than one force at a time; however, the forces shall be applied in the order that produces the most adverse
results. Each force shall be left in place for 5 minutes.

43.6 The guard and structural members shall not distort, break, crack, or be otherwise damaged.
43A Conduit Hub Torque Test

43A.1 An enclosure with a non-integral conduit hub shall be rigidly mounted or supported. A short length
of rigid metal conduit shall be threaded into the hub and the torque forces specified in Table 43A.1 shall be
applied. The hub shall not turn in the enclosure and shall not exhibit stripping of any threads.

Table 43A.1
Torque forces for the Conduit Hub Torque Test
Conduif trade size Applied torque, N-m (lb-in) Applied torque, N-m (lb-in)
3/4 inch or smaller 90.4 (800)
1, 1-1/4, and 1-1/2 inch 113.0 (1000)
2 inch and larger 180.8 (1600)

| MARKINGS AND INSTRUCTIONS
|44 General

441 Marking locations shall be as specified in-individual requirements and as described ip Table 44.1A.
All markings|shall be legible and permanefb as described in 44.2. Unless otherwise |specified, the

markings shall be in letters at least 3.2 mm\(4/8 inch) high.

Table 44.1

Location of required markings
Table deleted

Table 44.1A
Location of Required Markings

Location number Location®
1 Visible after installation on an exterior surface
2 Visible during relamping
3 Visible during installation
@ A lower location number is permitted. For example, location 1 is permitted whenever location 2 or 3 is required.

44.2 Marking permanence shall consider the conditions of use such as temperature, water immersion,
chlorine, salt, and UV exposure. The forms of markings considered to be permanent include:

a) Molded and die-stamped;

b) Stamped or etched metal that is permanently secured;
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c¢) Indelibly-printed, pressure-sensitive labels secured by adhesive that, upon investigation, is found
to comply with the Standard for Marking and Labeling Systems, UL 969, and is rated for the type of
surface, temperature, and exposure conditions of the surface to which it is affixed; and

d) Painted, stencilled, and ink stamping determined to comply with the Legibility Test of the
Standard for Marking and Labeling Systems, UL 969.

44.3 Each product shall be marked (location 1) with a catalog number or the equivalent, and with the
manufacturer's name, trademark, or other descriptive marking by which the organization responsible for
the product may be identified. When a manufacturer produces or assembles products at more than one
factory, each product shall have a distinctive marking, which is not prohibited from being in code, by which
the factory is identified.

44 3A Alum
and maximum

44.3B A lum
water, as appl

Note: Salt water p|

444 A luminpaire shall be marked (location 1) "CAUTION: Submerse before lighting

"CAUTION" sh

Exception: A |
for continuous|

445 Deleted

44.6 Theing
notify the use

44.7 A wet-piche and no-niche luminaire shall be marked (location 2) with the catalg

equivalent of

448 Ifthea
installation log
(location 3) to

naire shall be marked (location 2) with its input voltage and frequency (orf DC
wattage of any replaceable lamp(s).

naire shall be marked (location 3) as suitable for fresh water, Sea water, o
cable.

pols are considered fresh water.

all be at least 6.4 mm (1/4 inch) high.

Uminaire tested in accordance with the Excéption to 33.1 and determined to
operation out of water need not be so marked.

tructions provided with a luminaire using a one-time operation thermal sensitiv

e housing(s).ormounting bracket(s) with which it is to be used.

ation~or position is not obvious or mechanically restricted, the luminaire sh
indicdte the intended installation location and/or position.

and the type

sea or fresh

." The word

be acceptable

e device shall

that the luminaire may(be-permanently disabled if energized when not submersed for an
extended perigd of time.

g number or

tceptable performance of a luminaire depends upon its location or position and the intended

all be marked

44.9 Deleted

44 9A All products shall be provided with installation instructions. Paper instructions are permitted.
Alternatively, instructions are permitted to be maintained on a publicly accessible website if the website
address or a QR code, along with the phrase "installation instructions" (or similar) is marked on the
product, on the smallest unit package, or on a package stuffer sheet. Luminaire installation instructions
shall include any installation location restrictions, such as installation only in a wall or in a storable pool.

4410 Swimming pool luminaire installation instructions shall identify that the luminaire must be installed
with the top of the lens opening not less than 450 mm (18 inches) below the normal water level of the pool.

The instructions for isolated low voltage luminaires that comply with 11.4 are instead permitted to identify
them as suitable for installation no less than 100 mm (4 inches) below the normal water level.
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4411 The installation instructions for a luminaire provided with a non-enclosed flexible cord as described
in 10.10(c) shall include instructions for the proper routing and securement of the flexible cord and for the
installation of any required guards or structural members.

4412 When the luminaire is required to be marked with a maximum rating for the supply-circuit
overcurrent protection device as specified in Figure 39.1, the marking shall consist of the word
"WARNING” and the following or equivalent: “Risk of Electric Shock. Supply circuit must be rated
maximum __ A". The blank shall be filled in with the value as specified in Figure 39.1. This value shall be a
standard rating for a branch-circuit overcurrent protection device. The installation instructions for the
luminaire shall also include instructions to this affect and the specific text of this marking.

4413 A luminaire rated in accordance with 11.4.1 shall be marked “For supply connection, use only an
isolating low [voltage power supply with ungrounded output, evaluated for swimming,ppol use.” This
marking shall|be visible during installation; a cord tag is permitted.

| 4414 Delet

D

d

44.15 A drytniche luminaire that requires 75°C (167°F) supply conducters, per 33.1, shall be marked
(location 3) "Use min. 75°C supply wire" or equivalent.

4416 A lumjnaire housing and mounting bracket shall be marked-to.indicate the luminaire [or luminaires)
with which it i$ to be used.

4417 A lunpinaire housing or mounting bracket that is“not provided with a grounding terminal as
described in Exception 1 to 25.4 shall be marked (location1): "CAUTION — For proper groupding use only
with metal copduit." The word “CAUTION” shall be in Jetters not less than 3.2 mm (1/8 inch) high.

45 Luminaife Housings

Section 45 deleted

PART Il - SUBMERSIBLE LUMINAIRES
CONSTRUCTION
46 General

| 461 Deletelt

46.2 In addition to the requirements in Sections 46 — 57, a submersible luminaire shall also comply with

13.1,14.1 - 143, 16.1 - 164, 17.1 - 17.4, 18.1 - 18.4, 19.1, 20.1, 21.1, 21.2, 23.1, 25.1 — 25.3, 35.1 -
35.3,44.3, 44.3A and 44.9A.

I Exception: Low voltage luminaires rated in accordance with 11.4.1 and marked (location 3) as follows
need not comply with 23.1 or 25.1 — 25.3: “For supply connection, use only an isolating low voltage power
I supply with ungrounded output.”

46.3 A luminaire shall be constructed to provide an enclosure for all electrical parts, including the lamp
bulb.

Exception: The supply cord and the lens face of a PAR lamp are not required to be enclosed.
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