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Summary of Topics

The revisions of ANSI/UL 1838 dated October 30, 2020 include the following changes in
requirements:

* Terminology — live parts; 2.10, 2.22, 2A.1, 24.4.9

* Power-stpply-cords-and-attachmentplugs; 24312243 5————

* Ovetload, Burnout and Endurance Test Consolidation and Simplification,; 29.4,|29.5, Figure
29.1, Section 30, and Section 31,

* Polymeric enclosure conduit connection test; 40.1.1, Table 40.2

* Fus¢ replacement markings; 50.8

e Installation instructions; 51.1

 Polyimeric material requirements for class 2 devices; Table 52.1
e Unit|low voltage cable; 53.4.1

* Tungsten-halogen lamp containment barriers; 59.3

» Water barriers for pond/decorative fountain luminaires; 67.1.2

Text that hag been changed in any manner or impacted by UL's electronic publishing systém is marked
with a verticdl line in the margin.

The revised fequirements_are)substantially in accordance with Proposal(s) on this subject dated June 12,
2020 and Aupust 21, 2020,

All rights regerved:No part of this publication may be reproduced, stored in a retrieval system, or
transmitted ih any 'form by any means, electronic, mechanical photocopying, recording,|or otherwise
without prior permission of UL

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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INTRODUCTION
1 Scope

1.1 The requirements in this standard apply to a low-voltage landscape lighting system and components
that consist of an isolating type power unit, low voltage cable or flexible cord, and luminaires. The
equipment is intended to be installed in accordance with the National Electrical Code, ANSI/NFPA 70,
Article 411.

1.2 Landscape lighting power units covered by this standard have a maximum output circuit voltage as
specified in Table 2A.1.

1.3 This standard covers power units where each output circuit is rated maximum 25 A and (300 VA.
1.4 This st

intended for

ents that are
A1

bndard covers landscape lighting system luminaires and other system_compor
Ise on circuits rated maximum 25 A 300 VA, and the voltage specified in Table 2

1.5 The lu
garden, walk
and shoppin
marking on t

intended for
ich as atriums
nce with the

minaires and low voltage system components covered by -this standard are
way, patio areas, or similar outdoor locations and for certain indoor locations su
g malls. The power units are to be installed indoors orJoutdoors in accorda
e product.

1.6 This standard covers luminaires and low voltage system.eomponents intended for use submersed in

or floating on:
a) portable self-contained fountains; and

b) ponds and other natural and artificially’made body of water within the scope o¢f Article 682

“Natural and Artificially Made Bodies of\Water” of the National Electrical Code, NFPA ]

1.7 Throughout this standard, all requirements identified as applicable to luminaires an
system components used submerged.in or floating on ponds also apply to luminaires an
system components intended for use in other bodies of water covered by Article 682 of
Electrical Cdde, ANSI/NFPA 70 Further, markings, instructions, and other product specif
shall be pernitted to refer t6 one or more bodies of water covered by Article 682 in additio

0.

 low voltage
H low voltage
the National
¢ information
h to ponds or

instead of ponds.

1.8 The luminaires:and low voltage system components covered by this standard are not sliitable for use
in swimming| pools; spas, other bodies of water intended to contain immersed persons, pr permanent
fountains coyered by Part V of Article 680 of the National Electrical Code, ANSI/NFPA 70. Luminaires
intended for use in these Iocations are covered by the Standard for Underwater Luminaires and Junction
Boxes, UL 676. Fountains covered by Part V of Article 680 of the National Electrical Code, ANSI/NFPA 70
are permanent, not self-contained, not portable, or exceed 5 feet (1.5 m) in any dimension.

1.9 Fluorescent and high intensity discharge lighting systems will be investigated in accordance with the
applicable requirements in this standard and with the applicable requirements in the Standard for
Luminaires, UL 1598, as intended.

1.10 Light emitting diode (LED) components and subassemblies, such as drivers, control gear, and LED
arrays, shall comply with the applicable requirements of the Standard for Lighting Emitting Diode (LED)
Equipment for Use in Lighting Products, UL 8750.
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2 Glossary
2.1 For the purpose of this standard, the following definitions apply.

2.2 ACCESSIBILITY BARRIER — A material provided to restrict access to:

a) Uninsulated current carrying parts; and

b) Current carrying parts insulated with materials not intended to be subject to user contact. All or
part of the barrier is able to serve as an enclosure.

2.21

CLASS 1 WIRING METHODS— Wiring methods specified in Chapter 3 of the National Electrical

Code, ANSI/NIFPA 70.

2.2.2 CLASE 2 CIRCUIT — A circuit supplied by either (a) a transformer complying With the
and performance requirements for Class 2 transformers in the Standard for Low-Voltage Tr
Part 1: General Requirements, UL 5085-1 and the Standard for Low Voltage Transformers —

2 and Class
performance

2.3 Deleted|

2.4 CONNH
a) Cor

b)lIsu

2.5 DECOR

shall meet th¢ requirements of this standard*when the decorative part is provided, removed,

deteriorated t
2.6 ELECTH

2.7 ELECTH
lighting syste
reduce voltag

2.8 ENCLO
of fire. All or g

3 Transformers, UL 5085-3; or (b) a power unit complying with the cons
fequirements in the Standard for Class 2 Power Units, UL 1310,

CTOR — A generic term used to refer to an electrical fitting that:

nects the luminaire to the main low voltage cable (also called line-to-luminaire ¢
sed to extend main low voltage cable (alsocalled line-to-line connector).

ATIVE PART — A part of a product that is present for ornamental purposes only.

Db any extent.
RICAL FITTING — Any device that supports or encloses uninsulated current carry

RONIC POWER-UNIT — Equipment that powers and controls the lamps used for
m and consists ©f electronic circuits to isolate the secondary from the prima
e and limit;available power.

SURE.= A material provided to enclose electrical parts and components that in
art'of the enclosure serves as an accessibility barrier.

construction
ansformers —
Part 3: Class
truction and

bnnector); or

The product
damaged, or

ing parts.
a landscape

y circuit and

volves a risk

2.9 LANDSCAPE LIGHTING SYSTEM — The system consisting of the power unit, luminaire, luminaire
fittings, and wiring. See Figure 2.1 for a diagram of a typical landscape lighting system.
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Figure 2.1
Typical landscape lighting system

Light Sensor
House / (Luminaire Fitting)

Power Unit
Main
Low Voltage
/ Cable/Cord Luminaire
Unit
Low‘\Voltage
Cable/Cord
LSS L S - [ ——
\ Line—to—Luminaire \\ Line—to—Line
Connector Connector

SM$4ac (Luminaire Fitting)

| 210 Deletda

211 LUMINAIRE — An assembly that consists of the lamps, enclosures, mounting megns, luminaire
fittings, and the means of connectjon.to unit low voltage cable or the main low voltage cable.

2.12 LUMINAIRE FITTING =-An individual component or accessory that is provided with @ luminaire or
that is electrifally or mechanically connected to the power unit.

2.13 OPEN HOLE'\-JAn aperture in an enclosure that is not covered or filled by another gart. Typically,
open holes re¢late to:

a) Ventitatior;
b) Apertures provided for several different constructions that are left unused; and

¢) An uncovered aperture provided for making supply connections.

2.14 OPENING — An aperture in an enclosure that is covered or filled by a plug or knockout and that has
the potential of becoming an open hole. Typically, openings relate to supply connections and accessibility
for inspection of splices.

2.14.1 POND AND SMALL DECORATIVE FOUNTAIN LUMINAIRES AND FITTINGS — Luminaires and
fittings intended for underwater or floating use in ponds or small decorative fountains as specified in 1.6 —
1.8.
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2.15 POWER UNIT — The equipment that powers and controls the lamps used for the landscape lighting
system. A power unit consists of one or more of the following:

a) Transformer or solid-state circuitry to isolate the output circuit from the primary input circuit,

reduce voltage and limit available power;
b) Timers, switches, sensors, or similar devices to control the lighting; and

c) Integral overcurrent protection.

2.16 RISK OF ELECTRIC SHOCK — See Section 2A.

2.17 SCRE}
to be secured
metal screws

2.18 SCRE

in Figure 2.2.
expand and fi

into the same

N SHEET-METAL = A SCrew With threads Taving 3 pitch Such that thinmer sheet

by physical fit between successive threads. Self-tapping screws are alsorkno

/V, THREAD-FORMING — A screw with a tapered end that is criss-Cfoss stamp
When screwed into an open hole, the screw forces the sheet-metal“around the
brm threads. A thread-forming screw will not necessarily follow.the same threads

opening.

Figure 2.2

Thread-forming screw

metal is able
wn as sheet-

ed as shown
open hole to
b if reinserted

SM 509

219 SECONDARY WIRING — Wiring connecting the output of the power unit to the luminaire, including
the main low voltage cable and the unit low voltage cable.

2.19.1 SMALL DECORATIVE FOUNTAIN — A decorative, portable, self-contained fountain.
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2.20 SPLICE - Any point where one wire is connected to another wire. A wire terminating at a pressure
wiring terminal or wire binding screw is not determined to be a splice.

2.21 TERMINAL, INSULATION PIERCING — A terminal having a contact pin that punctures the
conductor insulation and is inserted into strands of the conductor. Also an insulation displacement terminal
where the insulation is cut and the conductor is positioned between the pins of the terminal.

2.22 WATER BARRIER - All parts such as a lens, luminaire body, gasket, or sealant/adhesive material
that are in contact with water under normal use conditions and that, if compromised, would allow water to
reach uninsulated parts that pose a risk of electric shock (see Section 2A). A water barrier includes a part
not directly isolating water from a dry location but that is relied upon for water barrier integrity, such as a
bezel or face/trim ring that bears against a lens that, in turn, bears against/compresses a gasket.

2A Electri¢ Shock

2A.1  An uninsulated conductive part is considered to pose a risk of electrictshock when the voltage
potential betjveen the part and earth ground or any other accessible part exceé€ds the valugs specified in
Table 2A.1.

Table 2A.1
Maximum voltage considered not a risk of electric shock, and the maximum permitted output

circuit voltage for landscape lighting systems

Voltage type Maximum Voltage
1. Sinuspidal, ac 15V, rms
2. Nonsihusoidal, ac 21.2 'V, peak
3. Pure ¢ic &° 30V
4. ComMfinations of dc and sinusoidal ac at frequencies not c
great¢r than 100 Hertz

2 If the peak-tofpeak ripple voltage generated by.ah’electronic power unit is more than 10 percent of the dc voltage | see footnote c.
b DC waveforn}s interrupted at frequencies between 10 — 200 Hz shall be limited to 12.4 V.

¢ The voltage ljmit shall be the non-sinusoidal ac limit where the dc voltage is no more than 10.4 V, and shall be (165 + 0.45 Vdc)
where the dc vpltage is between 10.4 and 30 V.

Figure 2A.1

Maximum vpltage-for combinations of dc and sinusoidal ac voltage at frequencies not|greater than

100 hertz
Figure deleted

Table 2A.2

Maximum current considered not a risk of electric shock
Table deleted

Figure 2A.2

Maximum current for combinations of dc and sinusoidal ac current at frequencies not greater than

100 hertz
Figure deleted
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3 Components

3.1

Except as indicated in 3.2, 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.

3.2 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

b)lss

uperseded by a requirement in this standard.

3.3 A comp
use.

3.4  Specifi
capabilities.
temperatures

onent shall be used in accordance with its rating established for the intended

C components are incomplete in construction features or réstricted in
Such components are intended for use only under limited conditions, suc
not exceeding specified limits, and shall be used only under.those specific cond

4 Units of Nleasurement

4.1 Values
approximate

4.2 Unless
square (rms).

5 Undated

5.1 Anyung
interpreted as

stated without parentheses are the requirement. Values in parentheses are e
nformation.

ndicated otherwise all voltage and currentwalues mentioned in this standard a

References

ated reference to a code-orstandard appearing in the requirements of this stan
referring to the latest edition of that code or standard.

ion and Application

The stapdard is organized as follows:

iction “\=~~This covers general statements and requirements necessary t
bments in the standard.

conditions of

performance
h as certain
tions.

planatory or

re root mean

dard shall be

O apply the

6 Organiza
6.1
Introd
requir
Part 1
units.

— This part covers the construction, performance, and marking requirements

for all power

Part 2 — This part covers equipment, including luminaires, low voltage cables, and other system
components connected to the output circuit of a power unit.

Part 3

Part 4

6.2 Deleted

6.3 Deleted

— This part covers luminaires that use tungsten halogen lamps.

— This part covers luminaires for ponds and small decorative fountains.
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PART 1 - POWER UNITS

MECHANICAL CONSTRUCTION

7 General

7.1

Sheet metal screws and thread forming screws with screw threads as shown in Figure 2.2 shall not

be used to secure electrical parts or enclosure components in place or together when the screw threads
contact only sheet aluminum, copper, or aluminum or copper alloys.

Exception No. 1: A sheet metal screw or thread forming screws are able to be used if intended results are

observed du

Exception N
copper, or al
in 9.1.

Exception N
transformer (

7.2 The msg
strength and
assembly is

rotation is 36

7.3 Withre
360 degrees

a)Th
b) Al

c)By
7.4 Compo

7.5 An adh
Standard for

H 4l rs £ ol H P Q0.4
llly I tCol UCTOUINUCTU ITT 9J. T.

. 2: A sheet metal screw or thread forming screw is able to pass through She
LUminum or copper alloys if it then threads into steel having a minimurmthicknes

D. 3: A sheet metal screw is able to be used for mounting Or_support of a p3
r decorative part) if the part weighs less than 7-1/2 pounds;(3:4 kg).

thod of making a joint between metal parts and of fastening arms and supports

rigidity and prohibit turning that results in movement of wires or wiring dev,
completed. If wires passing through the joint are concealed, the joint shall be so
0 degrees or less.

pard to 7.2, friction alone between parts,shall not be the means to prohibit turn
Turning shall be prohibited by:

b use of a lock washer, properly.applied;

bcknut seated against another nut or metal surface; or

hents shall be secured by a means other than friction.

Esive usedto secure components or the enclosure shall comply with the requir|
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

blvent bonding is able to be used without complying with UL 746C.

Exception: S

some other positive mechanical method where two parts mate by interference fi.

et aluminum,
5 as specified

rt (such as a

shall provide
ces after the
designed that

ng more than

ements in the

7.6 Deleted
8 Enclosures

8.1 All splices, transformers, current carrying parts or devices with current carrying parts that are not
enclosed, and all leads or terminals for field connection of supply wires shall be enclosed in material
specified in 8.2.

8.2 An enclosure specified in 8.1 shall be constructed of metal or a polymeric material that complies with
the requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
746C. The minimum thickness for metal shall be as specified in Metal Thickness, Section 9. If the
enclosure is constructed of polymeric material, compliance with Section 40, Polymeric Enclosure Conduit
Connection Tests is required.
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8.3 An enclosure shall be provided with integral mounting means and shall be so constructed as to
prohibit the wetting of current carrying parts in circuits over 15 volts or electrical components or wiring not
specified for use in contact with water, and to reduce the risk of electric shock due to weather exposure.
Parts specified for use in contact with water include flexible cords marked in accordance with 24.4.1, liquid

tight flexible metal conduit, outlet boxes marked for use in wet locations, rigid conduit, and similar parts.

Exception: A power unit marked for indoor use only is not required to comply with this requirement.

8.4 To determine compliance with 8.3, a complete power unit is to be subjected to the tests specified in
Weather Tests, Section 37.

9 Metal Thigkness

9.1 Sheet metal

9.1.1 The thickness of sheet metal in a power unit, other than at openings for.conduit connection, shall
be no less than 0.020 inch (0.51 mm) for uncoated steel, 0.023 inch (0.58 mm) for zinc coated steel, and
0.025 inch (0J64 mm) for copper, brass, zinc, or aluminum.

Exception: TH
a)Ap
b) Any

a wirin

9.1.2 Atops
uncoated ste
zinc, or alumi

9.1.3 The Vi
part prior to t

9.2 Extrusi

9.21 Anex
in9.1.1.

e thickness of metal is not specified for:
Lirely ornamental part; or

part not required to serve as the enclosure, provided structural integrity, or act
g device.

nings for conduit connection, the minimium metal thickness shall be 0.032 inch
bl, 0.034 inch (0.86 mm) for zinc caated steel, and 0.040 inch (1.02 mm) for c
hum.

alues for minimum thickness’indicated in 9.1.1 apply to measurements made
e application of paint, varnish, or similar applications.

DNS

ruded metal-part shall comply with the thickness requirements for sheet metal

9.3 Cast mTtaI

As support of

0.81 mm) for
bpper, brass,

on a formed

as described

9.3.1 The minimum thickness of cast metal shall be in accordance with Table 9.1.
Table 9.1
Minimum acceptable thickness of cast metal
At un-reinforced areas exceeding
35 square inches (226 cm?) At all other areas
Metal Inch (mm) Inch (mm)

Die-cast metal 5/64 2.0 3/64 1.2
Cast malleable iron or permanent mold cast 3/32 2.4 1/16 1.6
aluminum

Other cast metal 1/8 3.2 3/32 2.4
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10 Corrosion Protection

10.1

protected against corrosion by one of the coatings described in Table 10.1.

The inside and outside surfaces of cast ferrous metal, sheet steel, or ferrous tubing shall be

Exception No. 1: Other finishes, including paints, special metallic finishes and combinations of the two
that have, by comparative tests with galvanized sheet steel conforming with designation (A) Type G90 of
Table 10.1, indicated they provide equivalent protection, are able to be used.

Exception No. 2: A metal part, such as a decorative part, that is not required for conformance with this
standard need not be protected against corrosion.

Exception N¢

Exception N
additionally g

Exception N
water enters
provided with
Exception Nd

10.2 Hinge

. 3: Stainless steel need not be additionally protected against corrosion.

D. 4: Edges, fasteners, and welds complying with 10.2, 10.3

rotected against corrosion.

10.4-and 10.9

D. 5. If the inside surfaces on the power unit are protected fram the elements
the unit during the Weather Tests described in Section 37;.the inside surfaces
corrosion protection equivalent to that specified in 10.2.

. 6: A power unit marked for indoor use only need‘not’ comply with this requiremn

5, bolts, and fasteners made of ferrous materials shall be protected against cor

coating, cadinium plating, enameling, painting, or be provided with equivalent protection aga

on all surface
Exception N¢
Exception N¢

10.3 Sheet
and similar p

10.4 Punch

10.5 Welds

S.
. 1: Hinge pins need not be provided with corrosion protection.

. 2: A power unit marked fof indoor use only need not comply with this requirem

need not be

such that no
hre able to be

ent.

osion by zinc
inst corrosion

ent.

steel or other metal.that is painted to comply with 10.2 shall be properly cleaped of grease

roducts prior to painting.
ed holes and'eut edges in ferrous material need not be corrosion protected.

in iron.ersteel (other than stainless steel) shall be painted with one coat of any

Exception N(

butdoor paint.

ent.

M2 A power unit marked for indoor use only need not comply with this requiremn

Exception No. 2: One coat of any indoor paint is allowed over a spot weld on galvanized steel.
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Table 10.1
Sheet steel coatings
Type or thickness?
Type of coating Inches (mm) Description
(A) Hot-dipped mill galvanized G90P -
steel
G60° with 1 coat of outdoor paint®
A60° with 1 coat of outdoor paint®
(B) Zinc coating other than Type 0.00061 (0.0155)¢ -
(A)
0.00041 (0.0104)° with 1 coat of outdpor paint®
(C) Cadmium cpating 0.0010 (0.0254) -
0.00075 (0.01905) with 1 coat of outdpor paint®
0.0005 (0.0127) with2-ceats of outdoor paint®
(D) Vitreous engimel® - -
(E) Organic cogtings’ - -
& As determined by ASTM Method B555, Guidelines for Measurement of ElectrodepositedMetallic Coating Thicknegses by the
Dropping Test.
b Conforming wjth the coating designation G90, G60, or A60 in Table 1 of ASTM A525; Specification for Sheet Steel| Zinc-Coated
(Galvanized) by the Hot Dip Process, General Requirements, with no less than{40 percent of the zinc on any side based on the
minimum singlg spot test requirement in this ASTM standard.
¢ Labeled as outdoor paint by paint manufacturer.
4 Average thickfiess with a spot minus tolerance of 0.00007 inch (0.00478 mm).
¢ Sheet steel rafed at least 0.026 inch (0.66 mm) thick.
f Complying with the Standard for Organic Coatings for Steel Efclosures for Outdoor Use Electrical Equipment, UL 1332.
11 Open Hgles
11.1  An opgn hole in an enclosure centaining current-carrying parts involving a risk of electric shock shall

not exceed th

Exception: A
does not cont

e dimensions specified in Table 11.1.

open hole neédnot comply with Table 11.1 if an articulate probe as specified i
act uninsulated-current carrying parts involving a risk of electric shock.

Table 11.1
Maximum size of open holes

h Figure 11.1

Dimension Maximum area
Opening shape inch (mm) in? (cm?)
Slot? 3/8 9.6 1-1/2 9.68
(width)
Square 1/2 12.7 - -
(side)
Round 12 12.7 - -
(diameter)
Irregular 3/8 9.6 1-1/2 9.68

@ An open hole between two assembled parts that does not exceed 1/32 inch (0.8 mm) need not comply with the area dimensions.
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Figure 11.1

Articulate with web stop
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NOTES:
The UL articulate probe without the web stop is able to be used for openings having a minor dimension less than 3/4 inch (19.1 mm).

High impact polystyrene articulate probes available from Underwriters Laboratories Inc.
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11.2 The requirements of this section do not apply to drain holes, which are addressed in Drain Holes,
Section 12.

11.3 The total area of one or more open holes shall be no more than 15 percent of the area of the
surface in which the hole or holes are located. This includes a wiring compartment or integral outlet box
compartment.

Exception: This requirement does not apply if the power unit complies with the impact test described in
Impact Test on Units With Open Holes, Section 42 and with the Component Fault Test described in
Section 43.

1.4 Anen holes.

aosure-containina-a-fuse maounted-in an onen-tvne-fuseholder shall have no one
I 1 2 A Lig

12 Drain Holes

12.1  An open drain hole shall be provided on all power units to prohibit the acciimulation off water above
a level that r¢sults in the wetting of an electrical part or opening for the conneetion of conguit or for an
auxiliary part| The hole shall be as specified in Table 12.1.

Exception Ng. 1: A power unit that has been subjected to the Weather Tests as required in Section 37
need not be drovided with a drain hole if no water enters the enclostire.

Exception No| 2: A ground mounted power unit shall not be previded with a drain hole.

Exception No| 3: A power unit marked for indoor use only-need not comply with this requirement.

Table 12.1
Size of drain holes

Minimum dimension Minimum area Maximum dimension Maxinpum area
Opening Inch (mm) Inch? (mm?) Inch (mm) Inch? (cm?)
shape
Slot 1/8 3.2 0.012 7.74 3/8 1-1/2 1-1/2 9.68
(width) (width)
Square 1/8 3.2 - - 12 12.7 - -
(side) (side)
Round 1/8 3.2 - - 1/2 12.7 - -
(diameter) (diameter)
Irregular - - 0.012 7.74 - - 1-1/2 9.68
13 Openings
13.1 A knockout shall be secured in place so that it is removed readily without distortion of the enclosure,

but will remain in place during normal handling as determined in Tests on Knockouts, Section 41.

14 Gaskets and Bushings

14.1

37.7.1-37.7.3.

A gasket or bushing shall comply with the requirements of the thermal conditioning test described in
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Exception: Neoprene rubber meets the intent of the requirement for 60°C (140°F) and silicone rubber
meets the intent of the requirement for 105°C (221°F) without being subjected to an investigation.

14.2 A gasket shall be so secured that intended use will not cause the gasket to loosen. Clips or a
clamping ring are allowed as the means of securement. An adhesive or other means shall be investigated.

14.3

with the gasket adhesion test described in 37.8.1.

ELECTRICAL CONSTRUCTION

If an adhesive is used to secure a gasket as described in 14.2, the gasket assembly shall comply

15 Genera

15.1 Class

15.1.1 Exc
(a), (b), and
comply with {
a) Se
b) Ele

c) Die

15.1.2 Components of a Class 2 circuit functioning*as'part of or mounted on the power |

need to com

15.1A Class 2 Power Units

15.1A1 A
PART 1 of t
performance
Voltage Tran

15.2 Wiring devices

15.2.1 Awi
any turning,
connections,

2 Circuits Within Power Unit

bpt as specified in 15.1.2 and except for compliance with the requirements iden
c) below, components of a Class 2 Circuit within the power unit enclosure are n
he requirements in PART of this standard.

baration of Circuits, Section 22;
ctrical Spacings, Section 23; and

lectric Voltage Withstand Test, Section 32.

ply with the applicable requirements in RART of this standard.

bower unit whose output is\marked as Class 2, in accordance with 50.23, sha
his standard and additionally be evaluated and found to comply with the app
requirements of thezStandard for Class 2 Power Units, UL 1310, or the Star
sformers — Part 3-€lass 2 and Class 3 Transformers, UL 5085-3.

ring deviee (a switch, fuseholder, lampholder, or similar wiring device) shall be p
by .a.means as specified in 7.2 and 7.3, that does not apply tension to splices g

tified in items
ot required to

nit enclosure

| comply with
icable output
dard for Low

rohibited from
r other wiring

cause damage to the wiring, or otherwise adversely affect the assembly.

15.3 Intern

15.3.1
be welded in

al wiring connections

place.

A soldered lead shall be mechanically secured at the point of connection before soldering, or shall

15.3.2 With respect to the requirement in 15.3.1, a lead is determined to be mechanically secured when
one or more of the following is provided:

a) At

b) At |

east one full wrap around a terminal;

east one right angle bend when passed through an eyelet or opening; or

c) The lead is twisted with other conductors.
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15.3.3 Other types of wiring connections that provide for a secure connection are allowed.
15.4 Insulation

15.4.1 Nonabsorptive electrical insulation shall be used in the construction of electrical components
where it is relied upon to provide electrical spacings or sole support of live electrical parts or as electrical
insulation. Untreated fiber and similar products, are examples of materials that shall not be used; while
treated cellulosic fiber, phenolic, urea, porcelain, and similar products, are materials that meet the intent of
the requirements. Other materials relied upon as electrical insulation shall comply with the insulation
requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

15.4.2 Coil ihelllﬂﬁf\h, unless inhnrnnﬂy maoisture rneiefnnf, shall-be-treated-to-render-it resistant to
moisture by alcoating, varnish, or similar treatments.

15.5 Prevention of wire damage

15.5.1 A pqwer unit shall be so designed that wires are able to be pulled/through, or the power unit
otherwise wirgd, without damaging the coverings of insulation on the condugtors. A wire encldsure shall be
free from burts, fins, and other sharp edges that come in contact with wires.

15.5.2 Threpds of sheet metal and self-tapping screws shall not-bé exposed in a wiring erjclosure for a
distance of mpre than 3/16 inch (4.8 mm).

Exception: Wjres that are held away from or positioned away from such screw threads are not prohibited
from being within 3/16 inch (4.8 mm) of the threads.

15.5.3 Wheh a conductor passes through an opehing or crosses over the edge of metal, it|shall be held
away from coptacting the edges or be protected from cutting and abrasion. Sleeving shall not|be used as a
means of prohibiting cutting and abrasion of wires.

15.5.4 For sheet metal less than 0:042 inch (1.07 mm), protection shall be provided by one of the
following methods:

a) Rolling of the edge of metal by at least 120 degrees; or

b) A bushing or grommet of a material other than rubber of a minimum thickness of 0.p47 inch (1.2
mm).

16 Device 1nd Conductor Ratings

16.1 Voltage

16.1.1  Electrical devices and insulated conductors shall have a voltage rating at least equal to the
voltage applied to them in intended use.

16.2 Current

16.2.1 An electrical device shall have an ampere rating and insulated conductors shall have an ampacity
rating for the total current, as specified in 16.2.2 and 16.2.3 to which they are subjected to in their intended
use.

16.2.2 The total current referred to in 16.2.1 shall be the combination of:
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a) The sum of the ampere ratings of all load devices (transformer, relay, and similar materials) that
use the conductor for their supply.

b) 15 amperes for a receptacle.

16.2.3 A cord connected power unit shall be rated a maximum of 80 percent of the intended branch
circuit (for example, 12 amperes for a 15-ampere circuit).

17 Switches and Relays

17.1  The ampere rating of a switch and relay shall be multiplied by the derating factor as indicated in
Table 17.1 befaore determination of its current handling capability for the specified load

Table 17.1
Switch and relay derating factors
Switch type
Switching load AC general use® AC "L" AC-DC "T"® AC\resistive DC
Transfgrmer none none 1/2 -
Receptacle none none 1/6 1/10
Incandescent Lamp none none 1/6 1/10

@ This column gpplies not only to general-use AC switches (for mounting in flush-device outlet boxes) but also to switches of the
unit, pendant, §nd through-cord types rated AC only.

® A switch, oth¢r than a type mentioned in note?, that has been investigated for the control of tungsten filament lamps, is marked
with the letter '[T" or "L" in conjunction with the current rating at which'the tungsten-filament lamp rating applies, for pxample, "1
ampere, 125 vplt, T."

17.2 A swifch used in a multiwire circuit shall be of the multipole type and shall be connegted such that
all ungroundgd wires are switched.

17.3 A switth, if provided in the primaty circuit, shall be connected in the ungrounded condyctor.
18 Converlience Receptacles
18.1 A conyenience receptacle shall not be provided in a ground mounted power unit.

18.2 No mqre than*one duplex or two single convenience receptacles are to be provided with each unit.

18.3 A convenience receptacie shall be of the grounding type.

18.4 A convenience receptacle shall be of the GFCI type or shall be marked for installation to a GFCI-
protected circuit (see 50.10).

18.5 The face of a convenience receptacle that is less than 5/8 inch (15.9 mm) wide or 7/8 inch (22.2
mm) long shall project a minimum of 0.015 inch (0.38 mm) and a maximum of 3/16 inch (4.8 mm), from
any part of the receptacle-mounting surface, including screwheads, that is within a rectangle 5/8 inch wide
and 7/8 inch long, the rectangle being symmetrically located about the receptacle contacts.

Exception: The minimum projection shall be 3/32 inch (2.4 mm) if the mounting surface for the receptacle
is electrically conductive.
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18.6 A power unit provided with a receptacle shall be constructed to prohibit the entrance of water into
the receptacle with or without an attachment plug in place. The power unit with receptacle shall be weather
tested in accordance with 37.3.4.

Exception: A power unit marked for indoor use only is not required to comply with this requirement.

19 Wiring and Conductors

19.1

A conductor shall be made of copper or copper alloy.

19.2 A conductor shall have insulation rated for the voltage, temperature, and condition of service to

which it will

or each insul
rated 150°C
snugly fitting

aubjcutcd UIIdUI CUI Id;t;ul 1o Uf ;I |tc| |dcd UotT. Thc f:allllllab;:;ty |at;||y cha” bU
hted conductor of a cord that is rated for 90°C (194°F), 105°C (221°F) or A25]
(302°F) if each wire is individually provided with supplementary insulatjon ‘tha
voven glass sleeving or tape at least 0.010 inch (0.25 mm) thick.

19.3 An exfernal supply conductor connecting the power unit to the branch-circuit supply

smaller than
20 Protecti

201
as determine

20.2 Ifano
located within

20.3 Ifana
in the Standa

20.4 A prote
21 Printed

211 A prin
sufficiently hi
described in §

22 Separat

8 AWG (0.82 mm?).

ve Devices

| with the output current part, 28.2.2, of the Maximium Output Test, 28.2.

hresettable thermal protective device is used, the device shall be inaccessible
the enclosure.

itomatic reset protective device is used, it shall comply with the 6,000 cycle En
rd for Temperature-Indicating arid-Regulating Equipment, UL 873.

ctive device shall be located in the primary circuit and/or each output circuit.
Wiring Boards

ted wiring board shall have a minimum V2 flammability rating and a tempe

bection 33.

on of Circuits

W-1. A wire
C (257°F) is
t consists of

shall not be

A protgctive device shall be provided to limit the output ofthé power unit to 25 ampergs maximum,

and shall be

durance Test

rature rating

ph to withstand the temperatures attained in the power unit during the Temperature Test

221

2211

General

Circuit components and conductors operating at different voltage potentials shall be separated

from each other as specified in 22.2 — 22.3 and 23, Electrical Spacings. This requirement also applies to
Class 2 circuit separation from non-Class 2 circuits.

22.2 Separation of Conductors

22.2.1

Insulated conductors shall be separated by barriers or segregated from:

a) Each other when used in different internal wiring circuits; and

Secondary circuits shall be separated from other circuits in accordance with 22.2.2 — 22.2.6.
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b) Uninsulated current carrying parts connected to different circuits.

Exception: Separation is not required when all conductors are provided with insulation rated for the highest
voltage involved.

22.2.2 Segregation of insulated conductors shall be accomplished by clamping, routing, or equivalent
means that results in permanent separation from insulated or uninsulated current carrying parts of a
different circuit.

22.2.3 Means shall be provided for separation of field-installed conductors of the output circuit from:

a) Fie

Exception: Complete instructions in conjunction with a wiring diagram is able to be tised in lieu of a
barrigr when, upon investigation, the combination is found to meet the intent of the requirement and
the instructions specify that the conductors of both circuits are to be instilated for the maximum
voltage of either circuit.

b) Unjnsulated current carrying parts of any other circuit of the device.

22.2.4 Segregation of field-installed conductors from each other and’from uninsulated current carrying
parts of the gquipment connected to different circuits is attainable by arranging the location ¢f openings in
an enclosurg for the various conductors with respect to the termindls or other uninsulated cyrrent carrying
parts so that|conductors or parts of different circuits do not intermingle.

22.2.5 \With reference to 22.2.4, the opening shallzbe”evaluated such that a conducton entering the
opening is cpnnected to the terminal opposite thatiopening. When more than the minimym number of
openings ar¢ provided, the risk of a conductor @ntering an opening other than the one|opposite the
terminal to which it is intended to be connected shall be evaluated. The risk of such a condudfor contacting
insulated copductors or uninsulated current-carrying parts connected to a different cifcuit shall be
evaluated.

22.2.6 To determine compliance with'22.2.2, the equipment is to be wired as intended for service with an
amount of slack left in each conductor within the enclosure and average care is to be exerciged in stowing
the slack intd the wiring compartment.

22.3 Output circuit isolation
22.3.1 Each output circuit shall be electrically isolated from the power unit supply circuit py one of the

means specffied,'in 22.3.2. No output circuit shall be bonded to the supply circuit equipment grounding
conductor or'te€ meta-bordedto-the-stpphreiredit-eauipment-aroundi et

22.3.2 Isolation between the supply and output circuit shall be provided by:
a) A transformer with primary and secondary windings mounted on separate sections of the core;

b) A transformer complying with the requirements for double insulation in the Standard for Double
Insulation Systems for Use in Electrical Equipment, UL 1097, or the Reference Standard for
Double Insulation Systems for Use in Electronic Equipment, UL 2097;

c) A transformer with primary and secondary windings separated by a shield of copper that is at
least 0.002 inches (0.051 mm) thick or brass minimum 0.005 inch (0.127 mm). A connection shall
be made between the shield and ground by means of a bonding lead sized at least as large as the
conductor used to supply the primary winding magnet wire and no smaller than 18 AWG (0.82
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mm?). The shield dimensions and placement shall leave no unshielded electrical fault path
between windings through any bobbin wall, winding insulation, or both.

d) A transformer that complies with the Standard for Low Voltage Transformers — Part 3: Class 2
and Class 3 Transformers, UL 5085-3; or

e) A power supply that complies with the Standard for Class 2 Power Units, UL 1310, and is

marke

d “double insulated.”

22.3.3 Deleted

22.3.4 Deleted

22.3.5 Othsg
optical isolatq
separation th

23 Electrical Spacings

23.1 Electri
a) Uni
b) Uni

¢) Uni

anotheér circuit

shall be no le
23.2.

Exception NQ.

requirements
with respect {

a) Intg

b) Sp
(includ

Exception No

r means to isolate the primary from the output circuit in an electronic power
rs that comply with the Standard for Optical Isolators, UL 1577, shall"be prg
ough barriers or electrical spacings is not provided.

tal spacings between:
nsulated current carrying parts of opposite polarity;
hsulated current carrying parts and dead metal parts; and

hsulated current carrying parts of an isolated’circuit and uninsulated current car

5s than those indicated in Table 23.4 and for supply wiring terminals no less tha

1:
for components as specified in 3.1 need not comply with the spacings specified
D

rnal features of the devices; and

acings between uninsulated current carrying parts and dead metal parts g
ing mounting screws, rivets, yokes, clamps, or similar parts).

Linit, such as
vided where

rying parts of

h indicated in

Snap switches, lampholders, and similar component devices that comply with the

in Table 23.1

f the device

2.)As an alternative to the spacings specified in Table 23.1, the spacing requirgments in the

Standard for Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840, are able to be used as described in 23.9 — 23.13.
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Table 23.1
Electrical spacings

Spacing in inches (mm)

0-15V 16-50V 51-150 V 151-300V Over 300V
(0-21.2V)® (21.3-72V) (73-212 V)® (213-423 V) (Over 424 V)®
Through Air N/A 116 (1.6) 1/8 (3.2) 1/4 (6.4) 3/8
Over Surface N/A 116 1/4 3/8 (9.5) 3/8
To Enclosure N/A 112 (12.7) 112 112 112

@ The figures in parentheses are peak voltages. When evaluating the voltage of a circuit that produces other than a sinusoidal
waveform, both rms and peak values are determined and the requirement for the larger spacing is to be applied.

23.1.1  Eled
requirements

23.2 Thes
grounded de
surface, or a

23.3 The s
voltages sha

234 Thes
be those with

23,5 Thes
connected tq
mm?).

23.6 When
19.2 (includir

23.7 If proy

with fittings in place, whetherthey are furnished with the unit or not.

23.8 Aspa
shoulder or 4
is not to be u

trical spacings between a Class 2 circuit and a non-Class 2 circuit shall also”ca
of this section.

bacings between supply wiring terminals of opposite polarity and between the te
bd metal part shall not be less than 1/8 inch (3.2 mm) through.air and 1/4 inch
5 indicated in Table 23.1 whichever is greater.

pacing between uninsulated current carrying parts-of different circuits invo
I not be less than that required for the circuit of thedigher voltage.

pacings at fuses and fuseholders are to be measured with the fuses in place. Th
maximum standard dimensions.

bacing at a supply wiring terminal is.torbe measured with wire of the correct sizg
the terminal as in actual service;-but in any case with wire no smaller than

evaluating spacings, any wire or cord not in compliance with the insulation re
g enamel-insulated wire)is determined to be a bare, current-carrying part.

ision for the copnection of conduit or armored cable is provided, spacings shall
e or ringywire connector shall be prohibited from turning by means of a restra

oss, if-such turning reduces spacings to values less than those required. A lock
sed for this purpose.

mply with the

rminals and a
6.4 mm) over

ving different

e fuses are to

for the rating
14 AWG (2.1

uirements in

be measured

nt, such as a
washer alone

Exception: If a wiring lug or connector turns +30 degrees from normal without reducing spacings as noted
in 23.2 or Table 23.1, a restraint is not required.

23.9 As an alternative to the spacing requirements of Table 23.1, the spacing requirements in the
Standard for Insulation Coordination Including Clearances and Creepage Distances For Electrical
Equipment, UL 840, are able to be used. The spacing requirements of UL 840 shall not be used for field
wiring terminals and spacings to a dead metal enclosure.

23.10 It is anticipated that the level of pollution for outdoor use equipment will be pollution degree 3.
Hermetically sealed or encapsulated enclosures, or coated printed wiring boards in compliance with the
Printed Wiring Board Coating Performance Test of the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, are assumed to be pollution
degree 1.
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23.11

It is anticipated the equipment will be rated overvoltage category Il and overvoltage category | as

defined in the Standard for Insulation Coordination Including Clearances and Creepage Distances for
Electrical Equipment, UL 840.

23.12

achieved by providing an overvoltage device or system as an integral part of the product.

In order to apply Clearance B (controlled overvoltage) clearances, control of overvoltage shall be

23.13 All printed wiring boards are assumed to have a minimum comparative tracking index of 100

without furthe

r investigation.

24 Power Supply and Output Circuit Connections

24.1 Power

2411 A pqg
system by at

a) Pro
b)Ap

c) Dire

2412 Apo

supply connection method

wer unit shall be constructed so that it is able to be connected to @_branch
east one of the following:

vision for connection of conduit as specified in 24.2;
pwer supply cord as specified in 24.3; or

ct plug-in to a receptacle as specified in 24.3.1.1.

ver unit shall have provision for connection to a single branch circuit. This does

circuit wiring

hot, however,

preclude conmection to multiple inputs (usually switched) that'derive from a single branch circuit.

Exception: A
if marked in a

2413 The
a common pg

24.2 Power

24.2.1  Only
open hole, af

supply means.

bower unit is able to have provision for.eonnection to more than a single branch
ccordance with 50.9.

brovision for connection to the supply source shall allow all supply connections t
int without the addition of wifing in the field.

supply conduit connection and conductor connection provisions

one opening forythe entrance of branch circuit power supply wires by condu
d it shall be_so located that those wires are able to be connected readily to th

circuit supply

b be made at

t is to be an
e power unit

24.2.2 An opening-for conduit shall have dimensions as indicated in Table 24.1.
Table 24.1
Dimensions associated with openings for conduit
Nominal . Throat diameter
trade size Mlnlml._lm urllthreaded Minimum diameter of
of conduit opening diameter? Minimum Maximum flat surface
inches inch (mm) inch (mm) inch (mm) inch (mm)
1/2 0.875 (22.2) 0.56 (14.2) 0.62 (15.7) 1.15 (29.2)
3/4 1.109 (28.2) 0.74 (18.8) 0.82 (20.8) 1.45 (36.8)
1 1.375 (34.9) 0.94 (23.9) 1.05 (26.7) 1.80 (45.7)
1-1/4 1.734 (44.0) 1.24 (31.5) 1.38 (35.1) 2.31 (58.7)
@ A plus tolerance of 0.031 inch (0.79 mm) and a minus tolerance of 0.015 inch (0.38 mm) applies to the knockout diameter.
Knockout diameters will be measured other than at points where a tab remains after removal of knockout.
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24.2.3 The minimum unobstructed diameter of the flat surface surrounding the back of an opening for
unthreaded conduit shall be as indicated in Table 24.1.

24.2.4 If threads for the connection of threaded conduit are tapped all the way through a hole, there shall
be no fewer than 3-1/2 or more than 5 threads. The construction of the hole shall be such that a conduit
bushing is able to be properly attached and the minimum unobstructed diameter surrounding the back of
the hole shall be as indicated in Table 24.1.

24.2.5 |If threads for the connection of threaded conduit are not tapped all the way through a hole, there
shall be no fewer than five full threads. The unthreaded parts of the hole and the back edge shall be
smooth and well rounded for protection of the conductors. The unthreaded throat diameter of the hole shall
have an internal diameter as noted in Table 24 .1

24.2.6 Polymeric enclosures shall be subjected to the test program in PolymericcEnc¢lgsure Conduit
Connection Tests, Section 40.

24.2.7 Fre¢ space within a wiring compartment for field connection of thejpower unit leads to branch
circuit conddctors shall be as specified in Table 24.2 for each supply wire that terminates inside the
compartment. One or more grounding conductors are treated collectively‘asione conductor.

Table 24.2
Wire compartment size

Conductor size Free space within box for each conductor
AWG (mm?) inch® (cmd)
8 (0.82) 1.50 45)
6 (1.3) 1.75 (88)
4 (2.1) 2.00 (1B1)
12 (3-3) 2.25 (1B7)

24.2.8 Leafds provided for the connection to the supply branch circuit shall not extend more than 24
inches (610 (nm) beyond the farthest connection point(s) of the leads within the power unit and shall be a
minimum 6 iches (152 mm).in length.

24.2.9 The|means fer.connection to the branch circuit conductors shall consist of leads, a {ferminal block
with a pressyre terminal connector or wire binding screws.

24210 A fpld-wiring terminal shall be pmhihitpd from furning ar qhiﬂing in pnqi‘rinn hy medns other than
friction between surfaces. This shall be accomplished by two screws or rivets, by square shoulders or
mortises, by a dowel pin, lug or offset, by a connecting strap or clip fitted into an adjacent part, or by a
means indicated in 7.3.

24.3 Power supply cord

2431 Relocated as 24.3.1.2

24.3.1.1 In addition to complying with the requirements of this standard, a direct plug-in power unit shall
also comply with the mechanical assembly, input connections, grounding, and mechanical performance

tests of the Standard for Class 2 Power Units, UL 1310, as applicable to direct plug-in units.

24.3.1.2 The power supply cord shall be a junior or hard service cord such as type SJ, SJO, SJT, SJTO,
SO, ST, or STO.
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Except for a power unit marked for indoor use only, per 50.12, both the attachment plug and the power
supply cord shall be suitable for use in wet locations (the above noted cords shall have a “W” suffix).

24.3.2 The length of the supply cord shall be a minimum of 2 feet (0.6 m) and a maximum of 6 feet (1.8
m), measured from the point of exit from the power unit to the face of the attachment plug.

24.3.3 The attachment plug shall comply with the Standard for Attachment Plugs and Receptacles, UL
498. The current rating of the attachment plug shall be not less than 125 percent of the current rating of the
power unit.

24.3.4 If the power unit is required to be grounded, the attachment plug shall be of the grounding type;
otherwise the|attachment plug shall be of the polarized parallel-blade type.

24.3.5 Delefted

24.3.6 A grqunding type adapter shall not be provided with a power unit.

24.3.7 If a power unit is provided with a receptacle for connection of an external load, the supply cord
shall be a mjnimum 12 AWG (3.3 mm?). If the receptacle is accessible only to equipment within the
enclosure, and is marked to identify a maximum current, the minimumn size of the power unit’'$ supply cord
size shall be Ipased on the lighting load plus the receptacle rating,.as)shown in Table 24.3:

Table 24.3
Ampacities of power.supply cord

Redeptacle + Lighting Load, Amperes Minimum size of cord
10 18 AWG (0.82 mm?)
13 16 AWG (1.3 mm?)
18 14 AWG (2.1 mm?)
25 12 AWG (3.3 mm?)

24.3.8 The power supply cord-shall comply with the Strain Relief Test in Section 38. The sfrain shall not
be transmitted to the splices.

24.4 Output circuit connection provisions

2441 A pagwep unit marked for use indoors (see 50.12) or for indoor/outdoor use (see 50.14) shall be
provided, for each output circuit, with a means for connecting a Class 1 wiring method and for connecting
SPT-3 or equivalent main low voltage cable.

24.4.2 A power unit marked for outdoor use only (see 50.13) shall be provided, for each output circuit,
with a means for connecting a Class 1 wiring method or for connecting SPT-3 or equivalent main low
voltage cable.

24.4.3 Where conduit connection is intended as one of the output circuit Class 1 wiring methods, the
provisions shall comply with the requirements of 24.2.

24.4.4 Provision for a main output circuit connection to a power unit shall consist of:

a) A minimum 6 inch (152 mm) length cord. See 53.3.1 for cord type and ampacity; or
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b) A terminal block so constructed as to permit connection of such secondary wiring.

2445 A terminal block shall comply with the Standard for Terminal Blocks, UL 1059, and shall be
suitable for field wiring use.

24.4.6 When evaluating terminal blocks used for field wiring, considerations shall be given to:

a) Temperatures reached on the terminals and terminal block;

b) Conductor size and type; and

c) Number of conductors used in the application.

2447 Whe

2448 Any
inch length

mechanically
they shall be
be used out
compound a

24.4.9 Med
and to other

24.5 Deleted

25 Grounding and Bonding

251

2511 Al
persons and
conductively

Exception: T|
the Referend
Standard for|

Grounding

n using a terminal block, a marking in accordance with 50.22 shall be provided:

connectors provided for connecting the main low voltage cable condigtors to i
bf cord or leads shall be nonferrous or the equivalent. The capnection me
secured to the 6 inch length of cord or leads. Where crimp-type connectors
insulated and not require a special tool to crimp. Wire nuts (splieing wire conneg
side of the power unit enclosure unless provided with corrosion protection su
nd rated for outdoor use.

ns shall be provided to prevent the inadvertent shorting of lead connections
uninsulated conductive parts.

conductive parts of a power unit not intended to be electrically live, that are
that have the potential to inadvertently become energized, shall be groun
bonded to a common'point that incorporates provision for grounding of the pows

he power uaityis not required to be grounded when it is double insulated in ac
e Standard-for Double Insulation Systems for Use in Electronic Equipment, UL

test describg|

Leakage Cwl;ent Test is 0.5 mA. The Overload Test described in Section 29 shall be used r:

Double\Insulation Systems for Use in Electrical Equipment, UL 1097. The valu

imUL 2097.

€ minimum 6
ans shall be
are provided,
tors) shall not
ich as potting

o each other

accessible to
Hed by being
r unit.

rordance with

2097, or the
b used for the
hther than the

25.1.2 A conductive part that is required to be grounded in accordance with 25.1.1, and that is coated
with vitreous enamel, paint, or similar coatings, is required to be bonded. Some bonding means require
treatment of the part, such as masking, removal of the coating at points of connection, or the use of
fastening means that penetrate the surface coating. If special treatment is necessary or if ground
continuity is not obvious, the requirement described in 25.1.14 shall be applied.

25.1.3 The continuity of the grounding system shall not rely on the dimensional integrity of a polymeric

material.

Exception: This requirement does not apply to material investigated and found to comply with the

Standard for

Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.
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25.1.4 The grounding terminal of a convenience receptacle provided in a metal enclosure shall be
conductively connected to the enclosure, and there shall be provision for the connection of a grounding
conductor to the combination by one of the following:

a) Riveting, bolting, or welding the metal mounting yoke or strap (if provided) of the receptacle to
the metal enclosure.

b) A 16 AWG (1.3 mm?) or larger copper bonding jumper from the receptacle grounding terminal to
the enclosure, the connection to the enclosure being made by riveting, bolting, or welding.

25.1.5 A grounding means shall consist of a lead grounding conductor lead, a pressure terminal
connector, a wire blndlng screw, the groundlng contact ofa receptacle the groundmg pin of an attachment
plug, or the [€Q Jrour ] ' f Ne_power supply
connection m

ans.

25.1.6 An gquipment grounding conductor shall not be smaller in size than the currént ca
conductor anfl in no case shall it be smaller than 18 AWG (0.82 mm?). When-insulated, th
grounding copductor, where visible to the installer, shall have a braid of contindous green

without a yellpw tracer or, when no braid is employed, the insulation on theconductor shall k
or without ong¢ or more yellow stripes. A conductor having green insulation*and a braid of oth
is able to be|lused when the green insulation is readily visible where_connections to the

supply wires ill be made.

25.1.7 An g¢quipment grounding conductor shall not be téfminated to another device of

removable dyring replacement of any device or component.

25.1.8 The
contain an eq

cord of a cord-connected power unit provided with a metal enclosure or a mets
LUipment grounding conductor complying with 25.1.6 and 25.1.7.

25.1.9 A wite binding screw intended for thefield connection of an equipment grounding co
have a greenjcolored head that is hexagonal'shaped, slotted, or both.

25110 AW
shall be prov
sheet metal s

ire binding screw, described in 25.1.9 shall be No. 8 [4.2 mm (major diameter)]
ded with a cuppedwasher or similar means to hold the wire under the head of
Crew does not meet'the intent of the requirement.

Exception: A
around the ta

cupped washer need not be provided if the terminal plate is provided with two
bped hale\that are at least 1/4 inch (6.4 mm) apart.

25.1.11 A plessure wire terminal intended for the field connection of an equipment groundi

!

rrying supply
e equipment
color with or
e green with
r than green
ranch-circuit

part that is

| shield shall

nductor shall

or larger and
the screw. A

raised areas

ng conductor

shall be plainlyTdemntifred by being marked imaccordance with 50-7.

25.1.12 A terminal plate having a tapped hole for a wire binding screw shall be of metal
0.030 inch (0.76 mm) in thickness and shall have no fewer than two full threads in the metal.

no less than

Exception: A tapped hole for a screw having 32 or more threads per inch is to have the metal extruded at

the screw hole to provide two full threads.

25.1.13 To verify that a wire binding screw threads into metal a minimum of two fu

Il threads in

accordance with 25.1.12, multiply the metal thickness in inches by the screw pitch. For example:

y threads
2.08 threads

Metal thickness
0.065 inch

y pitch
32 threads / inch
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25.1.14 All parts required to be grounded shall be conductively connected to the ground termination
point such that the resistance between any two points is 0.1 ohm or less as determined in Grounding
Continuity Test, Section 34.

25.2 Bonding

25.2.1

A part that:

a) Is required to be grounded;

b) Is able to be removed from the remainder of the power unit during normal use, including
adjusting a timer; and

c)Su

shall be proy
grounded me

Exception: T|
during remoy
is broken, an

25.2.2 Abg
a)An
b)An

C)Ar

A sheet met
threads are
and the resig
Section 34.

bports a current carrying component

ided with a copper 18 AWG (0.82 mm?) or larger stranded bonding jumper frq
tal of the remainder of the power unit.

he bonding jumper need not be provided for a part that is provided with a discd
al and replacement of the part, bonding is broken simultaneous with or after ele
d bonding is regained simultaneous with or before electrical contact is regained.

nding wire or jumper connector shall be secured by
nachine screw and nut;
hachine screw that threads into metal where the metal provides at least two full t

vet.

al or self-threading screw degs hot meet the intent of the requirements for th

m the part to

nnect so that
ctrical contact

hreads; or

s use unless

not stripped when the screw-is tightened with a torque of 30 pound-force inchgs (3.39 N-m)

tance between any two points is 0.1 ohm or less as determined in Grounding C

25.2.3 A bonding wire or jump connector shall not be terminated by a screw, rivet, or equ

that is also u

bed to secure\another device, part, or similar object.

26 Water Shields

26.1 Anon

bntinuity Test,

valent device

metallic portion of the power unit enclosure that acts only to shield water, such

sadoortoa

timer, shall comply with the requirements in 26.2 and 26.3.

26.2 A non-metallic material shall have a minimum flame rating of HB and comply with the Exposure to
Ultraviolet Light Test in the Standard for Polymeric Material — Use in Electrical Equipment Evaluations, UL
746C.

26.3 The water shield shall be subjected to the Impact Conditioning, 37.2.1, except the impact energy
shall be 3 ft-Ib (4.1 N-m).
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27 Test Parameters

27.1 The test voltages used for the following tests shall be as specified in Table 27.1.

Table 27.1
Test voltages
Voltage rating® Test voltage
110125 120
220 - 240 240
254 - 277 277
440 - 480 480
560 — 600 600

& Other voltage:

not shown in these ranges shall be tested at the marked rating.

27.2 Branch circuit wiring supplying equipment under test shall be protected with a 20 a

breaker or fusg

27.3 Where
combination g

27.4 Cheeg
approximatel
13 x9—-12th

e.

a test indicates a load or a resistive load, the load'is to be a lamp load, a resisf]

f the two.

ecloth used in any of the tests of this section shall be untreated cotton ¢
0.11 oz/ft? (34 g/m?), with a thread count in the range of 25 — 33 x 22 — 30 thr
reads/cm).

28 Input and Output Tests

28.1 Input test

28.1.1  Whil
current of the
shall be mads

when the poweér unit is in the heated condition.

28.2 Maxinmum output test

28.2.1 With

the’ power unit connected to rated input voltage  the measured open circuit o

e connected to thé rated output wattage and to the rated primary voltage, the me
power unit shall nhot exceed rated input by more than 10 percent. The current 1

mpere circuit

ve load, or a

loth running
pads/in (10 —

asured input
heasurement

itput voltage

shall not exceed the values specified in Table 2A.1.

28.2.2 A load is to be connected to each output circuit of the power unit and adjusted to result in the
power unit delivering rated output wattage to each output circuit. The unit is to operate until constant
temperatures are achieved. The load on one of the output circuits is to be adjusted to 135 percent of 25
amps. The load on any other output circuit shall be adjusted to either no load, rated load, or both, in order
to test the worst case condition. The protective device shall operate within 1 hour. Each output circuit shall
be tested in the same manner.

29 Overload Test

29.1 A power unit shall comply with the overload test described in this section.
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29.2 The power unit is to be mounted in accordance with the manufacturer's instructions. A single layer
of cheesecloth is to be placed around the power unit. The rated load plus 15 percent of the rated
secondary wattage is to be connected to the unit. For a unit with multiple output connections, the total load
(including each 15% increase, if required by Figure 29.1) shall be balanced, to the extent practical,
between the outputs.

29.3 The power unit is to be operated according to the procedure shown in Figure 29.1.

29.4 There shall be no ignition of the cheesecloth, the unit shall comply with the Dielectric Voltage
Withstand Test specified in Section 32 and the outside of the enclosure that contacts combustible
materials shall comply with Table 33.1.

Exception: /i recessed power unit shall not exceed 160° C (320°F) on the enclosurelif|the protector
operates within 3 h, or 90°C (194°F) after 3 h of operation.

|29.5 Deletgd
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Figure 29.1

Overload test flow chart

START

CONNECT
POWER UNIT
TO 115% OF

NOMINAL

QUIRLITIOAD

NCREASE

AD BY 15%
NOMINAL

OUTPUT
LOAD

!

ALLOW TO
RUN.

YES

DO ENCLOSURE
TEMPERATURES

ITEM 147

DID THERMAL
PROTECTION

CIRCUITRY
OPERATE?

EXCEED TABLE 34.1,

IS THE
THERMAL
PROTECTION
CIRCUITRY
AUTO-
RESETTING?

YES

LET RUN
FOR 18
DAYS.

su0863

\VV

IS THE POWER
Yes / UNIT STILL
OPERATING?

TESTING

NOTE ANY

INDICATION
OF FIRE.

\

FINISHED.

PERFORM DIELECTRIC
VOLTAGE WITHSTAND
TEST AND NOTE
RESULT.
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30 Burnou

31

t Test

Section 30 deleted

Endurance Test

Section 31 deleted

32 Dielectric Voltage Withstand Test

321 Imme

diately following the overload test, the power unit shall successfully withstand without

electrical bre
the primary

secondary w
+ 2V) where

32.2 The te
test potentia

shall be 5 mA.

32.3 If the

include a volimeter in the output circuit to directly indicate the test potential.

324 If the
be identified

to indicate the test potential, by a marking in a readily visible location to indicate the teg

equipment h
equipment s

switch has bg¢en reset following a trip-out.

32.5 During
to be conne
terminal is to

33 Tempern

akdown for a period of 1 minute a voltage of 1000 volts plus twice the rated veol
vinding and exposed grounded dead metal of the enclosure, and between|the
ndings. If the power unit incorporates double insulation, the test voltage(shall be
V is the rated voltage.

st equipment shall include a transformer having sinusoidal output; a means of
, and an audible or visible indication of breakdown. The current trip level of t
putput of the test equipment transformer is less than 500 volt-amperes, the eq
butput of the test equipment transformer is 500 volt-amperes or larger, the test
by a voltmeter in the primary circuit or in atertiary winding circuit, by a selector g
hving a single test potential output. When marking is used without an indicating

nall include a positive means, such as a power-on lamp to indicate that the n

the test, any switch is to_be in the on position, both sides of the primary circuit
cted together and te_one terminal of the test equipment, and the second tg
be connected to theiaccessible dead metal.

ature Test

331 A po
resistive loa
power unit s

*

ver unit.shall be tested as specified in this section with the output circuits |
cerresponding to the nominal rated output power as specified by the many
alLnot attain a temperature at any point sufficiently high to present the risk of fi

fage between
e primary and
2(1000 Volts

indicating the
he equipment

uipment shall

potential is to
witch marked
t potential of
voltmeter, the
anually reset

bf the unit are
st-equipment

paded with a
facturer. The
e, to damage

any materials employed in the system or unit, or to exhibit higher temperatures at specif

indicated in Table 33.1. The following conditions shall apply during the temperature test:

¢ points than

a) Unless marked for use with a specific dimmer control or unless marked “Not for use with a
dimmer,” a power unit shall be tested with a 2-volt dc offset as described in 33.10.

b) If marked for use with a specific dimmer control, a power unit shall be tested with the control
adjusted to result in maximum temperature.

c) If marked "Not for use with a dimmer," that test shall not be conducted with a 2-V dc offset nor
with a dimmer.

Exception: If the power unit is marked in accordance with 50.18 to indicate the specific lamps that are to
be used with the power unit, the test load shall consist of the minimum length of cord as specified by the
instructions and the number of lamps determined by dividing the rated secondary wattage by the lamp
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wattage. The cord size shall be one size larger than required for the rated load. If more than one type of
lamp is specified then the lamp that will be the higher load shall be used.

Table 33.1
Maximum acceptable temperature
Component location °C °F

1. Any point in power unit field wiring compartment a a
2. Coil of open coil type device employing Class 105 insulation system:

Thermocouple method 90 194

Chgnge of resistance method T00 212
3. Coil of flevice employing Class 130 insulation systems:

The¢rmocouple method 110 230

Registance method 120 248
4. Class 155 insulation systems:

The¢rmocouple method 135 275

Resgistance method 140 284
5. Class 180 insulation systems:

The¢rmocouple method 150 302

Resgistance method 165 329
6. Class 400 insulation systems:

The¢rmocouple method 170 338

Resgistance method 185 365
7. Class 420 insulation systems:

The¢rmocouple method 185 365

Resgistance method 200 392
8. Class 450 insulation systems:

The¢rmocouple method 215 419

Registance method 230 446
9. VarnisHed cloth insulation® 85 185
10. Fuse Bpdy 90 194
11. Fiber employed as &lectrical insulation® 90 194
12. Wood 90 194
13. Coppel conductor (bare or insulated) without a nickel coating or equivalent 150 302

protectlon
14. Termination of copper conductor and pressure terminal connectors without a 150 302
nickel coating or equivalent protection

15. Polymeric material used for enclosure or structural parts c c
16. Surface to which a marking label is attached d d
17. Wire or cord e e
18. Points of support on external surfaces 909 1949
19. On gaskets f f
20. On any point of an exposed surface of a luminaire (except lens):

Indoor 90 194

Outdoor 150 302

Table 33.1 Continued on Next Page
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Table 33.1 Continued

Component location °C

°F

@ Any temperature up to 90°C (194°F) meets the intent of the requirements consistent with the marking on the power unit as
specified in 50.5.

® These limitations do not apply to compounds or components that have been investigated and found to meet the intent of the
requirements for a higher temperature.

¢ The investigation of a polymeric material shall comply with the requirements in Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

4 The maximum temperature, when corrected to a 25°C (77°F) ambient temperature, is the temperature rating of a label that is
specified in Table 50.1.

¢ The maximum temperature, when corrected to a 25°C (77°F) ambient temperature, is the temperature rating of the wire or cord

used as specif
fThe maximun|

9 The maximur]
combustible m|

Ao \A L W ol O aatl 40
v g an G- CoOnGUCorsT—oeCto—Tor

h temperature rise is 125°C (225°F) when the power unit or luminaire is marked for installation_in or
hterials only.

temperature of the material meets the intent of the requirements if the material complies with 37:7..

n non-

33.2 Thev
(77° F), and
temperature
temperatures
of a thermog
immune to ai

Exception: Tl

33.3 Temy
thermocoupl
when:
a)Th
b) Th
c) Th
and 3
33.4 Therm
AWG (0.05
constantan

referee temy

hlues for temperature in Table 33.1 are based on an assumed ambient temper,
tests are to be conducted at an ambient temperature of ‘25 +5° C (77 19
variations above or below 25° C shall be respectively “Subtracted from

recorded at points on the luminaire. The ambient temperature is to be measu
ouple immersed in a bath of mineral oil in a glass container, or other mean
r turbulence or convection currents.

he test is able to be conducted at a higher ambient temperature if agreeable to a

erature readings to determine compliance with Table 33.1 are to be
bs or change-of-resistance for coils:drwindings. A temperature is determined t

b test has been running for a-minimum of 7.5 hours; or
b test has been running for'a minimum of 3 hours; and

[ee successive readings taken at 15 minute intervals are within 1°C (1.8°F) o
re not rising.

ocouplesare to consist of wires not larger than 24 AWG (0.21 mm?) and not sr
mm?).lt_is standard procedure to employ thermocouples consisting of 30 A
vires ‘and a potentiometer-type instrument; and such equipment is to be us
erature measurements by thermocouples are necessary. The thermocouple

ature of 25°C
 F). Ambient
or added to
'ed by means
5 equivalently

| concerned.

obtained by
b be constant

f one another

naller than 30
WG iron and
ed whenever
wires are to

conform with the requirements specified in the Initial Calibration Tolerances for Thermocouples table in
Temperature Measurement Thermocouples, ANSI/ISA MC96.1.

33.5 A thermocouple junction and the adjacent thermocouple lead wire are to be held securely in good
thermal contact with the surface of the material of which the temperature is being measured, and are to be
placed at locations of the hottest accessible parts.

33.6 Conditions for the performance of temperature tests for a system are to be as indicated in 33.7 —
33.12.

33.7 A power unit provided with more than one opening intended for supply connection shall comply with
the point of connection of supply wire temperature limits specified in Table 33.1 at each opening. The unit
marking specified in 50.5 shall be based on the highest temperature recorded at all openings on the unit
available for possible supply connection.
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33.8 If a system utilizes a polymeric part required by this standard (such as a thermoplastic enclosure,
watershield, lens, diffuser, or similar part), temperatures are to be measured by placing one or more
thermocouples in contact with the part in such a manner that the thermocouple is wedged between the
part and any metallic material or other source of conducted heat. For a source of radiated or convected
heat, thermocouples are to be inserted from the outside surface through holes drilled in the polymeric
material, such that the thermocouple tips are located in the plane of the inside surface and are sealed in
place.

33.9 The temperature measured on any component (timer, switch, and similar component) shall not
exceed that component's temperature rating.

33.10 Inac 331 r not marked
"Not for use with a dimmer" shall be tested with a 2-volt dc offset potential applied to the power unit input
voltage. The P-volt dc offset potential is able to be obtained by using any suitable means. The 2-volt dc
bias is measpred on the switched ac output waveform by a dc volt meter having a ffrequgncy damped

response in the range of 0 — 120 hertz.

33.11  The Qhange of Resistance Method is to be performed by:
a) Turping the power off to the unit;
b) Measuring the resistance of the coils in 5 second intervals;
c) Tak|ng a minimum of six readings;

d) Either using a graphical method or linear regression. The resistance shall be caldulated at the
time the circuit is opened.

e) Using the following equation, the temperature of the windings shall be calculated:
. Ry
dT (temperature rise) = R—C[k + 10— [k+ Ty

in which:
dT is the temperature of the coil in degrees C at the end of the test;
Ry is the resistance of the coil at the end of the test;

Rc is the.resistance of the coil at the beginning of the test;

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the
constant for other grades must be determined;

Tc is the room temperature of the coil in degrees C at the beginning of the test when R; is
measured;

Ty is the room temperature of the coil in degrees C when the power is turned off and the resistance
measurement begins.

33.12 A power unit intended for use only in-ground is to be buried in 30 mesh dry builders sand. The
sand is to surround the power unit on all sides by at least 8 inches (203 mm).

33.13 During the Temperature Test, no protective device provided shall operate.
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34 Grounding Continuity Test

34.1 To determine compliance with 25.1.14 or 25.2.2, each design provided with a grounding means is to
be tested for grounding continuity between the grounding means and the accessible dead metal that is
required to be grounded.

34.2 Any indicating instrument is able to be used, but if the results obtained do not meet the
requirements, either an alternating or direct current of at least 25 amperes from a power supply of not
more than 12 volts is to be passed from the point of connection of the equipment grounding means to a
point in the grounding circuit, and the resulting drop in voltage is to be measured between the two points.
The resistance in ohms is then to then be calculated by dividing the drop in potential (in volts) by the
current (in amperes). The results meet the intent of the requirement if the resistance does not exceed 0.1
ohm.

35 Leakagg Current Test

35.1 Cord ¢onnected and direct plug-in electronic power units shall be subjected to the test described in
this section. The leakage current shall not exceed 0.5 milliampere.

35.2 Leakdge current refers to all currents, including capacitively coupled currents, that are conveyed
between exgosed conductive surfaces of the power unit and ground or other exposed surfaces of the
power unit.

35.2.1 The|electronic power unit sample is to be heated*in‘an air-circulating oven to a temperature just
above 34°C {93°F) to reduce the risk of condensation of moisture during conditioning. The heated sample
is to be placgd in a humidity chamber maintained at 88 +5 percent relative humidity at a t¢gmperature of
32 +2°C (90| +4°F) for 48 hours. Following the conditioning, the sample is to be tested urjenergized as
described in[35.7(a). The sample is then to be energized and tested as described in 35.7 (b)) and (c). The
test to be dispontinued when the leakage currént stabilizes or decreases.

35.3 All exposed conductive surfacesiare to be tested for leakage currents. The leakage [currents from
these surfaces are to be measured te-the grounded supply conductor individually as well @s collectively
when simultgneously accessible, ‘and from one surface to another when simultaneously accgssible. Parts
are determingd to be exposed surfaces unless guarded by an enclosure determined to redyce the risk of
electric shock as defined in 2.16. Surfaces are determined to be simultaneously accessible when they able
to be contacfed by one ar'both hands of a person at the same time. These measurements dp not apply to
output terminals operating at voltages less than 15 volts (21.2 volts peak). When all accessible surfaces
are bonded together.and connected to the grounding conductor of the power-supply cord| the leakage
current is able to be measured between the grounding conductor and the grounded supply cqnductor.

35.4 When a conductive surface other than metal is used for the enclosure or a part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters in contact with
the surface. When the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as
the surface. The metal foil is not to remain in place long enough to affect the temperature of the power unit.

35.5 The circuit for the leakage current measurement is to be as illustrated in Figure 35.1. The
measurement instrument is defined in 35.5 (a) — (c). The meter that is actually used for a measurement is
only required to indicate the same numerical value for a particular measurement as the defined
instrument. The meter used is not required to have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.
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c) Over a frequency range of 0 — 100 kilohertz, the measurement circuit is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the impedance
of 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of 0.5
or 0.75 milliampere, the measurement is not to have an error of more than 5 percent at 60 hertz.

35.6 Unless the meter is being used to measure leakage from one part of a power unit to another, the
meter is to be connected between an accessible part and the grounded supply conductor.

Figure 35.1

Leakage current measurement circuit

PRODUCT METER

—_

POV

I

% INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B
LC100

Unit intended for|connection to a 120-volt power supply.

=
120V

2R0V <—

120V
=

St } ;E INSULATING
—— TABLE

GROUNDED SUPPLY GONDUCTOR B

LC200

Unit intended for|connection to a 3-wire, grounded neutral power supply, as illustrated above.

INSULATING
— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC300

Unit intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
NOTE:

a) Probe with shielded lead.

b) Separated and used as clip with measuring currents from one part of device to another.
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35.7 A sample of the electronic power unit is to be tested for leakage current starting with the as-
received condition — the as-received condition is without prior energization except as occurs as part of the
production-line testing and with the grounding conductor, when provided, open at the attachment plug. The
supply voltage is to be adjusted to the test voltage specified in Table 27.1. The test sequence, with

reference to the measuring circuit, Figure 35.1, is to be as follows:

a) With switch S1 open, the power unit is to be without load and connected to the measuring circuit.
The leakage current is to be measured using both positions of switch S2 and with the power unit
switching devices, when provided, in all their operating positions.

b) Switch S1 is then to be closed, energizing the power unit, and within 5 seconds the leakage

curren

sitions o

f switch S2, and with the power unit switching

c) The leakage current is to be monitored until thermal stabilization occurs. Both posifons of switch
S2 ar to be used in making this measurement. Thermal stabilization is determined tp be obtained
by opgration as in the rated output heating test.
35.8 Normally the complete leakage current test program as described in-35.7 is to be conducted without
interruption for other tests. With the concurrence of those concerned;_the leakage current tests are

interruptible {

36 Leakag

o conduct other nondestructive tests.

e Current Test Following Humidity Conditioning

Section 36 deleted

37 Weather Tests

37.1 General
37.1.1 A power unit shall be subjected ta-a sprinkler test described in 37.5; and a rain tesf described in
37.9.

Exception N
rain test.

D. 1: A power unitanarked for indoor use only need not be subjected to a spri

Exception N¢. 2: The sprinkler test and rain test is not required if the construction features

such that it is

37.1.2 Apg

readilycapparent water will not enter it when it is used in the intended manner.

wer, uhit which is intended to be mounted within 1 foot (0.305 m) of the ground o

hkler test and

Df the unit are

I below grade

level shall b

ctad ot mImmaeraiaontact dac erbad 1n 27 A A4

aribi hao
SOUPJCCTCUTOtCTT e TSSO (ICST Ut SO Mot T o7 O T

Exception: A power unit marked for indoor use only need not be subjected to the immersion test.

37.2

37.2.1

Impact conditioning

Before being subject to the sprinkler test, rain test, or immersion test, a power unit having a

nonmetallic enclosure shall be subjected to the applicable impact tests in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

37.3 General —test conditions

37.3.1

supply connections is to be fitted with the intended supply connection means.

Before a sprinkler, rain, or immersion test is conducted, an enclosure containing an opening for
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37.3.2 A power unit shall be subjected to a sprinkler test and a rain test in accordance with the
requirements in 37.5.1 and 37.5.2 and to a rain test in accordance with 37.9. The test is to be conducted in
accordance with Table 37.1. The unit shall be loaded to its maximum output rating when designated “on” in

Table 37.1.
Table 37.1
Operating sequence
Duration in hours Unit Water
1 on off
1/2 off on
2 on on
1/2 off oh

37.3.3 Any
automatically
use of tools.

Exception: TH

37.34 Apo
Test of 37.5.1

doors are to be left opened, unless provided with the means suchas-a spring
shut the door or unless the door is attached in such a manner asto be opene

e door is not required to be left open during the test whenanarked in accordancg

wer unit provided with a receptacle shall withstandthe Rain Test of 37.9.1 and
and 37.5.2 with the cover open, closed, with and:without an attachment plug in

3735 Ag
replacement

37.4 Generpl —test results

3741 Test
the sprinkler,

Exception: W
electrical part
12.1.

37.5 SprinKler test

37.5.1 Apg

hsketed power unit shall be tested after-the temperature test, followed by
bf rings, frames, or other replaceable parts-serving to compress the gasket.

results meet the intent of the-requirements if, after the impact conditioning (if ap
rain, or immersion tests, ng.water has entered the unit.

ater is able to enter)if the water does not cause wetting of any primary wil
s that are not inherently waterproof and if the unit is provided with a drain hole 3

wer, unit is to be mounted with adjustable parts arranged for maximum vulne

or gravity to
0 only by the

with 50.21.

the Sprinkler
blace.

removal and

plicable) and

ing, or other
S required in

ability to the

water spray.

37.5.2 The power unit is to be positioned as shown in Figure 37.1 in front of a standard water spray head
of the type shown in Figure 37.2, to which the water pressure is maintained at a gage pressure of 20
pounds per square inch (137.9 kPa).
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Figure 37.1

Representative sprinkler test setup
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center line of the
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/
WATER /
PRESSURE //
GAUGE , 45°
e
— B
I
— C
5B 1840A
14 mm).

(76.2 - 152 mm).

pssary for the unit to be mounted as-intended with the dimensional center of the unit on a line p
nozzle head.

UNDER TEST

ojected from the
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Figure 37.2
Spray head
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e
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A 31.0 1-7/32 N 0.80 1/32

B 1.0 7/16 P 14.61 975

C 14.0 9/16 14.63 .76

D 14.68 .78 Q 11.51 453

14.73 .980 11.53 454

E 0.40 1/64 R 6.35 1/4

F Cc c S 0.80 1/32

G 1.52 .06 T 280  (No. 35)°
H 5.0 (No.9)® u 250  (No. 40)°
J 18.3 23/32 \ 16.0 5/8

K 3.97 5/32 W 1.52 0.06

L 6.35 1/4

M 2.38 3/32

0 Nylon Rain—Test Spray Heads are available from

b Underwriters Laboratories
ANSI B94.11M Drill Size
€ Optional — To serve as a wrench grip.

RT100F
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37.6 Immersion test

37.6.1 A power unit as described in 37.1.2 shall be subjected to the immersion test in accordance with
Table 37.2, with or without an auxiliary well form and mounted face-up, with the screws that attach the face
torqued to the manufacturer's specified values.

Table 37.2
Immersion test operating sequence

Test duration in hours Test period in hours Lamp Location
0t0 3.5 3.5 On Dry
3.5t075 4.0 Off Submerged
7.5t024.0 16.5 Off Ory
24.0t0 27.5 3.5 On Ory
27.5t031.5 4.0 Off Subnjerged
31.5t048.0 16.5 Off Ory
48.0t0 51.5 3.5 On Ory
51.5t055.5 4.0 Off Submerged

37.6.2 The|power unit shall be conditioned by being operatediin a dry location at room temperature for
3.5 hours.

37.6.3 The|power unit shall be de-energized and immediately submerged under at least 12 in (300 mm)
of water. The temperature of the water before submersion shall be 41°F (5°C) or lower. The power unit
shall remain pnder water for at least 4 hours and:then be removed from the water.

37.6.4 The|procedure of 37.6.2 and 37.6:3 shall be conducted three times. Before the second sequence
and the thirgd sequence, the power unitsshall be conditioned by placing it in a dry location at room
temperature for no less than 16.5 hours:

37.6.5 Follpwing the third sequéence, the power unit shall be removed from the water and subjected to
the Dielectrig Voltage-Withstand Test of Section 32. There shall be no dielectric breakdown,|and no water
shall have erjtered the power unit.

37.7 Gasket tests

37.7.1 A gasket or bushing employed to comply with the weather test requirements shall, after
conditioning for 168 hours in a circulating air oven at a temperature 20°C (36°F) above the temperature
measured on the gasket or bushing during the temperature test, have a tensile strength and elongation of
not less than 60 percent of the values determined before conditioning.

Exception: This test need not be conducted if a gasket or bushing is tested while installed in the unit as
described in 37.7.2.

37.7.2 As an alternative to the test described in 37.7.1, a gasket or bushing shall be tested as follows.
With the gasket(s) or bushing(s) in place, the power unit is to be conditioned in a circulating air oven for
240 hours at 20°C (36°F) above the temperature measured on the gasket(s) or bushing(s) during the
Temperature Test described in Section 33. After the conditioning, any panels which depend on the gasket
or bushing for sealing are to be opened. The results meet the intent of the requirement if a visual
inspection shows no damage to the gasket and the gasket has remained in place. The power unit panels
are then to be closed and the unit subjected to the applicable weather test.
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37.7.3 Inregardto 37.7.2, if the power unit is provided with more than one gasket and if the temperature
rise measured on the gasket material during the temperature test is not the same for all gaskets, then the
test described in 37.7.2 is able to be conducted at the accelerated aging condition corresponding to the
highest temperature rise for the gaskets. Otherwise, a separate power unit will need to be tested at each

measured temperature rise on the gaskets.

37.8 Gasket adhesion test

37.8.1

In accordance with 14.3, a gasket secured by an adhesive shall be tested as follows. Three

gasket assemblies shall be used to determine the average initial force required to remove the gasket from
its mounting surface. The force shall be applied to the edge of the gasket in a plane perpendicular to the

surface on whi

conditioned 4

described in 37.7.1. The force required to remove the gaskets from the mount

ples shall be
ng surface is

to be measured within 1/2 hour after completion of the conditioning for one set of samples, and 24 hours

after the con
mounting su
measured of

37.9 Rain test

37.9.1 Apo
the requireme

37.9.2 The
shown in
37.2. The po
intended. Th
quantity of w3
(34.5 kPa) at

37.9.3 Dele

FigIre 37.3. Spray heads are to be constructed’in accordance with the details sha

itioning for the other set of samples. The average force to remove thel gasks
ace for each conditioned sample set shall be at least 60 percepfof the a
he unconditioned sample set.

wer unit required to be subjected to a rain test in accordance with 37.1.1 shal
ntsin 37.9.2.

rain test apparatus is to consist of three spraytheads mounted in a water supply

er unit is to be set up as in a normal installation with conduit — without pipe com

enclosure is to be positioned in thelfocal area of the spray heads so that
ter enters the enclosure. The water\pressure is to be maintained at 5 pounds pe
pach spray head.

ed

ts from their
erage value

comply with

pipe rack as
wn in Figure
pound — if so
the greatest
I square inch
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Figure 37.3
Rain test apparatus
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38 Strain Relief Test

38.1 A strain relief device is to be tested by the application of a 35 pound (156 N) pulling force on the
cord for 1 minute. The result meets the intent of the requirements if the pull is not transmitted to terminals,
splices, or internal wiring.

38.2 In testing in accordance with 38.1, the conductors are to be severed immediately adjacent to the
terminals or splices. The pull is to be applied to the cord or wire in a direction perpendicular to the plane of
the entrance to the unit. Movement of the cord of more than 1/16 inch (1.6 mm) at the point where it is

severed does
39 Screw T,
39.1 To det

torque of 30
force equal to

not meet the intent of the requirement.

prgue-Test

ermine compliance with 7.1, self-threading or sheet metal screws shall e, tigh
bound force inches (3.39 N-m) and the part, supported by the screw.is then s
four times the weight of the part applied in a direction coincident withithe axis of

40 Polymeric Enclosure Conduit Connection Tests

tened with a
Ibjected to a
the screw.

40.1 Generpl
40.1.1 A pglymeric enclosure intended for connection to a rigid”metallic conduit system ghall not pull
apart or sustain damage such as cracking and breaking as-a‘result of the pullout, torque, [and bending

procedures d
place as a res

Exception: T

escribed in 40.2 — 40.4. If knockouts are incorporated in the enclosure, they sh
ult of the procedure described in Tests on.Krnockouts, Section 41.

he torque test need not be conddcted on an enclosure that is not pro

all remain in

ided with a

preassembledl hub if instructions are provided that state that the hub is to be connected t¢ the conduit
before the hubp is connected to the enclosure:

40.2 Pullout

40.2.1 Thelenclosure is to betsuspended by a length of a rigid conduit installed in ong¢ wall of the

enclosure or

mounted as intended in service and a pulling force of 200 pounds (890 N) is to k

5 minutes to 4 length of conduit installed in the opposite wall.

40.3 Torque

40.3.1 The

enclosure is to be securely mounted as intended in service. A torque in acc

e applied for

brdance with

Table 40.1 is

0 be applied to a fength of instatted conduit ima direction tending to tighten th

The lever arm is to be measured from the center of the conduit.

connection.

Exception: An end-of-line enclosure — an enclosure that is intended to be connected at the end of a run of
conduit and has only one 3/4-inch maximum trade size opening for the connection of conduit — need only
be subjected to a tightening torque of 200 pound-inches (22.6 N-m).


https://ulnorm.com/api/?name=UL 1838 2020.pdf

OCTOBER 30, 2020 UL 1838

49

Table 40.1
Tightening torque

Trade size of conduit hub, inches Tightening torque, pound-inches (N-m)
3/4 and smaller 800 (90.4)
1,1-1/4,and 1-1/2 1000 (113)
2 and larger 1600 (181)
40.4 Bending

40.4.1 Alengthc

a)Int

b) In

The enclosute is to be securely mounted as intended in service, but positioned so that the ing

extends in a| horizontal plane. A weight is to be suspended from the end\ef the conduit tq
bending moment specified in Table 40.2. The magnitude of the weight is to be determi
equation:
W= M-0.5CL
L

in which:

W is the weight, in pounds, to be hung at the end of the conduit;

L is the length of the conduit, in inches, from the wall of the enclosure to the poin

weight is suspended;

C is the weight of the conduit,.in pounds; and

Mist

40.4.2 For

& hub or an opening if provided as part of the enclosure.

he center of the largest unreinforced surface; or

he bending moment required, in pound-inches.
he Sl system-of units, the equation is:

0.1M—-49CL
e

talled conduit
produce the
ned from the

at which the

in which:

W and C are measured in kilograms;
M is in newton-meters; and

L is in meters.
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Table 40.2
Bending moment

Normal mounting plane of Bending moment pound-inches®® (N-m)
enclosure surface? Conduit size, inches Metallic conduit
Horizontal All 300 (33.9)
Vertical 1/2-3/4 300 (33.9)
1—up 600 (67.8)

2 If the enclosure surface is installed in either a horizontal or a vertical plane, the vertical bending moment value is to be used.

® The test procedure is able to be terminated prior to attaining the values specified if the deflection of the conduit exceeds 10
inches (254 mm) for a 10 foot (3.05 m) length of conduit.

¢ For an end-of-

line enclosure as defined in the Exception to 40.3.1, the bending moment is to be 150 pound-inches

(17.0 N-m).

41 Tests orn

41.1 A forcq
diameter mar
knockout ang
between the
has been ren

41.2 A kno
angles by me
the point cau
knockout is rg

42 Impact

421 Asan
5 foot-pound
produced by
pounds (535
be suspende
inches to strik

422 There
specified in B
contact unins

knockouts

of 10 Ibs (4.5 kg) shall be applied to a knockout for 1 minute bymieans of a 1/4
drel with a flat end. The force is to be applied in a direction perpendicular to the
at the point causing movement. The knockout shall remain in place and t
nockout and the opening shall be no more than 0.063 in(1:6 mm) measured g
oved.

ckout is also to be subjected to a force sufficient to remove the knockout ap
ans of a mandrel with a 1/4-inch (6.4 mm) didmeter flat end. The mandrel is to
5ing movement of the knockout. The test résults meet the intent of the requir
moved and there is no distortion of the ericlosure.

[est on Units With Open Holes

blternative to the limitation opropen holes specified in 11.3, a power unit shall be
(6.8 J) impact on the sutface that exceeds the open hole limitation. This im
dropping a steel sphere;2 inches (51 mm) in diameter and weighing appro»
y), from a height of 5%\inches (1.29 m). For surfaces other than the top, the steg
i by a cord and dllowed to swing as a pendulum, dropping through a vertical d
e the surface.

sults meetdhe intent of the requirements if there is no reduction of spacings beld
Flectrical-Spacings, Section 23 and if the articulate probe shown in Figure 1
Lilated current carrying parts.

L in (6.4 mm)

plane of the
ne clearance
fter the force

plied at right
be applied at
ements if the

subjected to
pact is to be
imately 1.18
| sphere is to
stance of 51

w the values
1.1 does not

43 Component Fault Test

43.1

For power units with electronics there shall be no emission of flame or molten metal nor ignition of

cheesecloth loosely placed over all openings or totally around open devices when capacitors, diodes, or
other solid state components are short- or open-circuited.

Exception: The test is not required:

a) If circuit analysis indicates that no other component or portion of the circuit will be seriously
overloaded as a result of the assumed open circuiting or short circuiting of another component.

b) For components in Class 2 circuits.

c) For

components complying with requirements applicable to the component.
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43.2 For electronic power units the Maximum Output Test of 28.2.1 shall be conducted at the conclusion

of the test in

43.1.

43.3 After the test in 43.1, a Dielectric Voltage Withstand Test, Section 32, and a Leakage Current Test,
Section 35, shall be conducted and shall be found to comply.

44 ShortC

441

ircuit Test

The power unit is to be:

a) Placed on a soft pine board;

b) Co
c) Co

d) Fo
Circu

deterinine compliance, each output circuit shall be tested individually.

For grounde
case and ea
power unit fg
test circuit. V]
be terminate
Test, Section

44.2 Resul

molten metal,

vered with a single layer of cheesecloth;
hnected to a circuit of rated voltage that is protected by a 30-ampere branch.circ

a power unit with multiple output circuits, the output circuits not bejng subjecte
t Test shall be loaded to the level that represents the worst case ‘eondition. If

i units, a 3-ampere nonrenewable, non-time-delay plug fase is to be connecteq
th ground. The power unit is then to be operated with.the output circuit short ¢
r a period of 7 hours. Any protective device providedvwith the transformer is to
Vhen the circuit is opened by the protective device or by the branch circuit fuse
d. Ungrounded, double insulated units shall e’ subject to the Dielectric Voltd
32.

s are considered compliant if the cheesecloth does not glow or flame, there is n

(for ungroung

45 Limited

451 Apo

in 45.2. Ther
non-grounde
ampere fuse

452 Three
output circui
delivering 10

and for grounded units any dead metal is to be ered through a 3 -ampere fuse to ground

MANUFACT

led and double-insulated units).
Short Circuit Test

er unit provided with.an electronic switching circuit in the primary is to be tested
shall be no glowing or flaming of the cheesecloth, the 3-ampere fuse shall not
, double insulated power units there shall be no dielectric breakdown. Open
as a result.0f-this test meets the intent of the requirements.

Lit fuse; and

d to the Short
necessary to

between the
rcuited at the
remain in the
the test is to
ge Withstand

o0 emission of

the 3-ampere fuse does not open.(for grounded units) and there is no dielectijic breakdown

as described
open, and for
ng of the 30-

vith a shorted
it capable of

samples of the power unit are to be individually tested. Each unit is to be fitted
covered with a single layer of cheesecloth and connected to an AC CII’CL
D0ambe

URING AND PRODUCTION TESTS

46 Dielectric Voltage Withstand Test

46.1

application of a 40 — 70 hertz potential as specified in 46.2 between:

s-with the input,

Each power unit shall withstand without electrical breakdown, as a routine production-line test, the

a) Primary wiring, including connected components, and accessible dead metal parts of a unit that
are able to become energized, including those parts that are accessible only during relamping, and

b) Primary wiring and accessible low-voltage — 42.4 volts peak or less — metal parts, including
terminals.
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46.2 The test potential described in 46.1 shall be 1000 volts plus twice the rated voltage for 1 minute or
for units with double-insulation, twice this voltage [2 x (1000 + 2 x rated voltage)]. The test time is able to
be reduced to 1 second if the test voltage is increased by 20 percent.

46.3 The test shall be conducted when the unit is complete — fully assembled. It is not intended that the
unit be unwired, modified, or disassembled for the test.

Exception No. 1: The test is able to be conducted before final assembly if the test represents that for the
completed unit.

Exception No. 2: If a unit employs a solid-state component that is not relied upon to reduce the risk of

s able to be

electric shock;

conducted be
from producti
for the purpdg
representativ

46.4 The te
indicating the
manual reset

46.5 If the d
include a volt

46.6 If the

able to be ing
marked to in
potential of €
voltmeter, the

manually resgt switch has been reset following a tripout.

46.7 Test 4
accomplish th

46.8 During
are to be con

terminal is to

Exception Ng

and that is r-::pahla of hning r\lamagnr\l hy the dielactric pnfcnﬁal, the test

fore the component is electrically connected, provided that a sample selectg
bn each day is tested at the potential specified in 46.2. The circuitry is able\to' b
se of the test to reduce the risk of solid-state-component damage while
b dielectric stress of the circulit.

5t equipment shall include a transformer having an essentially.sinusoidal outpu
test potential, and an audible or visual indication of breakdewn. In the event o
of an external switch or an automatic reject of the unacceptable unit under test i

utput of the test-equipment transformer is less than 500 volts-amperes, the eq
meter in the output circuit to directly indicate the test'potential.

putput of the test equipment transformer.is500 volt-amperes or larger, the teg
icated by a voltmeter in the primary circuit or a tertiary-winding circuit, by a s€
Hicate the test potential, or by a marking in a readily visible location to indi
quipment having a single test-potential output. If a marking is used without
equipment shall include a positive means, such as a power-on lamp, to indi

quipment other than that described in 46.4 — 46.6 is able to be used if f
e intended factory cantrol.

the test, the primary switch is to be in the on position, both sides of primary circ
nected together and to one terminal of the test equipment, and the second te
be connected to the accessible dead metal.

. T\ A unit (resistive, high-impedance winding, or similar construction) having
tended secondary-voltage buildup in case of electrical breakdown during the

d at random
e rearranged
retaining the

, @ means of
f breakdown,
5 required.

lipment shall

t potential is
lector switch
cate the test
an indicating
cate that the

bund able to

uit of the unit
st-equipment

circuitry not
est is able to

subject to un

be tested:

a) With a single-pole primary switch, if used, in the off position; or

b) With only one side of the primary circuit connected to the test equipment when the primary

switch

is in the on position, or when a primary switch is not used.

Exception No. 2: The primary switch is not required to be in the on position if the testing means applies full
test potential between primary wiring and dead metal parts with the switch not in the on position.

47 Polarity

471

Test

Each power unit shall be checked as a routine production-line test to verify that there is electrical

continuity between the grounded supply-circuit conductor of the attachment plug — wide blade of a 2-wire
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type — and the part of the product that is intended to be connected to the grounded supply-circuit
conductor of the attachment plug. The polarity shall be determined either visually or through the use of an
electrical test. Equivalently, polarity is able to be verified between the ungrounded supply-circuit conductor
of the attachment plug and the part of the product that is intended to be connected to the ungrounded
conductor.

48 Continuity of Grounding Connection Test

48.1 Each power unit provided with a grounding attachment plug shall be tested for electrical continuity
between the grounding blade of the attachment plug and all conductive parts that are accessible— only
those parts that might result in a risk of electric shock. Electrical continuity shall be maintained and verified
as a routine production-line test

48.2 The cpntinuity shall be determined by the use of an indicating device, either audible gr visual, such
as an ohmmeter or a battery-and-buzzer combination.

RATINGS
49 Details

49.1 A power unit shall be rated with its electrical ratings, incliding input voltage, currgnt, and each
output voltage, and total lamp wattage.

MARKING

50 Details
50.1 A reqyired marking shall be legible, shall'be one of the types designated by form letterfin Table 50.1,
and shall be|in one of the locations designated by form numbers in Table 50.2. The wording, form letter,

and form number shall be in accordance Wwith specifications elsewhere in this standard for [the particular
case.

Table 50.1
Form designations for type of marking

Form lefter of marking Type

A Permanent — Paint-stenciled, die-stamped, indelibly printed lettering?, or indelibly printed
pressure-sensitive label.”

B Temporary — Pressure-sensitive label, decalcomania transfer, paper label, gaint-ink or die-
stamped lettering, or equivalent.

C Instructions — Tie-on tag, stuffer sheet, carton marking, or equivalent.

2 Indelibly printed lettering shall be applied by a stamping device (other than a rubber ink stamp) that results in consistent and
even pressure applied to the printing process regardless of operator.

® Pressure-sensitive labels shall be rated for the type of surface to which it will be affixed and shall comply with the Standard for
Marking and Labeling Systems, UL 969.
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Table 50.2
Form designations for location of marking

Form number of marking Location

Visible after installation.
Visible during relamping.

Visible during installation.

1
2
3
4

On smallest unit packaging.

50.1.1
actual wordin

When the words of a particular marking are given within quotation marks in this standard, the

50.1.2 The
otherwise.

Exception: Fq
1/16 inch (1.6
inch (2.4 mm

50.2 A pow
number, the
exceeding an

Exception: T
conventional

a) Dog

b) Dog
produ

50.3 Ifam
distinctive mg
of one factory

50.4 A pow
grade level a
with the follo
with installatiq

ol must be used Wards within In:m:nfhnene are np’rinnal

minimum letter height for markings in Table 50.1 shall be 1/8 inch (3.2 mm), unl

r small products where 1/8 inch lettering does not physically fitha-minimum le
mm) is permitted, except the words “WARNING” or “CAUTIQN” shall be no Ig
high.

er unit shall be marked in Form A-1 with the manufacturer's name, the cata

bss specified

tter height of
ss than 3/32

og or model

blectrical ratings specified in 49.1, and the date of other dating period of manufacture not

y three consecutive months.

he date of manufacture is able to be abbreviated or may be in a nationall
code or in a code affirmed by the manufacturer, provided that the code:

s not repeat in less than 10 years; and

S not require reference to the production records of the manufacturer to determ
ct was manufactured.

anufacturer produces or assembles one model at more than one factory, it
rking, such as a code, by which it is identified as the product of a particular factd
is able to be the absence of a factory identification marking.

er unit intended for installation less than 1 foot (0.3 m) aboveground, in the grot
hd that'complies with the requirements of the immersion test shall be marked
ving or equivalent wording: "Suitable for Ground Installation." The fixture shal
n.instructions.

recognized

ine when the

shall have a
ry. The code

nd, or below
in Form A-1
be provided

50.5 A permanently connected power unit shall be marked in Form A-3 “ For supply connections use
wire rated for at least °C( °F),” in which the “( °F)” is optional and the blank space is filled
with the temperature rating of the wire based on the temperature measured in item 1 of Table 33.1.

Exception No. 1: If the temperature measured in Table 33.1 for a power unit is 90°C (194°F) or less, the
marking is able to be in Form B-3.

Exception No. 2: If the temperature measured in Table 33.1 for a power unit is 60°C (140°F), the marking
need not be provided.

Exception No. 3: If the power unit is provided with tap conductors, the unit is able to be marked in Form A-
3 “For supply connections, use wire rated at least °C (if supply connections are made inside the unit)
or 60°C (if supply connections are made at the ends of the tap conductors and are located at least 1 foot
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from the unit).” The blank is to be filled in with the temperature measured at the supply connection point
inside the power unit during the temperature test.

50.6 The marking described in 50.5 shall also be provided in Form B on the carton or package in which
the power unit is packed. The wording of the marking shall be a minimum 1/4 inch (6.4 mm) in height.

50.7 A unit having a pressure wire terminal for the connection of an equipment grounding conductor shall
be marked, in Form B-1, adjacent to the terminal or screw "GROUND," "GRND," or "GND." The electrical

symbol for grounding alone does not meet the intent of the requirement.

50.8
"CAUTION"
only with sa
ratings.

50.9 A pefqmanently connected power unit having provision for connection_tomultiple

supplies sha
control unit K
marking sha
supply conne

50.10 A po
marked in Fa
of electric sh

50.11 A pd
marked in Fg

a) “Nd

b) “D
“Dimn

Equivalent wj

50.12 A po
Only” in mini
word “WARN
methods to

literature, ca

as more than one power supply point. Disconnect all power supplies before s
| be provided at each supply connection point if, when the unit is installed as in
ction point is not in line-of-sight of the other supply connection point or points.

wer unit provided with a convenience receptacle thatds not a GFCI type (see
rm A-1 with the word " WARNING" and the following or equivalent wording "To r
bck, install only on a circuit protected by a GFGh”

rm B-3 with either:
t for use with dimmers” or

mmer, if used, must be a_magnetic low-voltage dimmer” if the power unit is
ner, if used, must be an €lectronic low-voltage dimmer” if the power unit is electr

prding shall be permitted.

wer unit evaluated for indoor use only shall be marked in Form A-1 “Suitable f
mum 1/4 in-(6.4 mm) letters. In addition, the power unit shall be marked in Forn
ING” andthe following or equivalent wording: “Risk of Fire. Installation involves
un. witing through a building structure. Consult a qualified electrician.” Ther
tonymarkings, or illustrations depicting or implying outdoor installation of the pow

If a replaceable fuse is prowded there shall be a markmg located near the fuseholder that states

branch circuit
| be marked in Form A-1 with the word "CAUTION" and the following or the equivalent: "This

ervicing." The
tended, each

[18.4) shall be

bduce the risk

wer unit not temperature tested with a 2-volt dc offset or with a specific dimmer shall be

magnetic, or
bNiC.

pr Indoor Use
n B-3 with the
special wiring
e shall be no
er unit.

50.13 A power unit evaluated for outdoor use only shall be marked in Form A-1 “Suitable for Outdoor
Use Only” in minimum 1/4 in (6.4 mm) letters. There shall be no literature, carton markings, or illustrations
depicting or implying indoor use.

50.14 A power unit evaluated for either indoor or outdoor use shall be marked in Form A-1 “Suitable for
Indoor or Outdoor Use” in minimum 1/4 in (6.4 mm) letters. In addition, the power unit shall be marked in
Form B-3 with the word “WARNING” and the following or equivalent wording “Risk of Fire. If installation
involves running wiring through a building structure, special wiring methods are needed. Consult a
qualified electrician.”

50.14.1 A power unit evaluated for installation in or on non-combustible materials only shall be marked in
Form A-3 “For Installation in or on non-combustible materials only.”
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50.15 Deleted

50.16 A power unit is permitted to be marked, in Forms A-3 and C-4, “Suitable for Use with Submersible
Luminaires or Submersible Pumps,” or equivalent.

50.17 A power unit shall be marked, in Form C-4, that it is only for use with low voltage landscape
luminaires and fittings, unless evaluated for other uses.

50.18 A power unit tested in accordance with the Exception to 33.1 shall have the following or equivalent
marking, in Forms A-1 and C-4; “Caution — Use only with maximum -watt lamp load” or equivalent,
where the blank shall identify the maximum tested lamp load. In addition, the installation instructions shall

include a stat

50.19 A pov
equivalent. T
to butnotin p
50.20 Delet

50.21 A pov
the door in Fg

50.22 In ac
provided in 1

50.23 A poV
be marked “G

50.24 Wher

mentinformina-the user how to calculate the total lamn wattaae
J Lad D Al

ver unit that employs double insulation shall be marked in Form B-3 “Double, Ins

ace of the words “Double Insulation.”

D

d

er unit tested in accordance with the Exception to 37.3,3 shall be provided with
rm A1 stating that the door must be closed.

8 inch (3.2 mm) high lettering, "Read Installation-instructions before Wiring" or e

ver unit whose output is limited to Class\2 levels, in accordance with 15.1A.1, ig
lass 2.”

the temperature measured on*the supporting surface during the Temperature

33, exceeds $0°C (194°F) but is not greaterthan 150°C (302°F), the power unit shall be mg

A-4 “For Instd

50.25 A dirg

llation In or On Non-Combustible Materials Only.”

that are weatherproof only when.the receptacle cover is closed and the power unit is not inser|

51 Installat

51.1
proper wiring

on Instructions

Installation istructions shall be provided with the power unit. Specific instructions f

grauinding, and servicing shall be included. Instructions for power units with a

hlated” or the

e double-insulation symbol — a square within a square — is permitted-to be use¢d in addition

A marking on

cordance with 24.4.7, visible at the point of secondary wire connections, a marking shall be

quivalent.

permitted to

Test, Section
rked in Form

ct plug-in power ufitishall be marked in Form C-4 “WARNING: Not for use with receptacles

ted.”

or mounting,
flexible cord

and plug sh

fnctude guidance for sefecting a mounting focation sufficiently close to

an available

receptacle. The instructions shall inform the installer that the main secondary wiring is intended for shallow
burial — less than 6 inches (152 mm) — unless the manufacturer has provided wiring intended for direct
burial.

51.1.1 The instructions for a conduit-connected power unit shall include the statements "WARNING —
Risk of Electric Shock. Install power unit 5 feet (1.5 m) or more from a pool or spa and 10 feet (3.05 m) or
more from a fountain. Where the power unit is installed within 10 feet (3.05 m) of a pool or spa connect
power unit to a GFCI protected branch circuit."

51.1.2 The instructions for a power-supply cord connected power unit shall include the statements
"WARNING - Risk of Electric Shock. Install power unit 5 feet (1.5 m) or more from a pool, spa, or fountain.
Where the power unit is installed (a) indoors within 10 feet (3.0 m) of a pool, spa, or fountain or (b)
outdoors, connect power unit to a receptacle protected by a GFCI.”
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51.1.3 The instructions for a power unit marked in accordance with 50.14.1 shall include the following
statement, or equivalent: “WARNING — install power unit in or on non-combustible materials only.”

51.2 The installation instructions shall state how to order additional lengths of wire for connection in the
secondary or state the proper accessory kit to purchase.

51.3 The instructions shall provide information to the user on how to determine the number of luminaires
and the lamp wattages to be used with the power unit.

51.4 The installation instructions for a cord-connected power unit shall warn the user not to use an
extension cord and shall also state that an outdoor power unit shall be connected to a GFCI protected

hooded flus

51.5 When
33, exceeds
provided wit

surfaces only.

516 The

“WARNING:
receptacle th
contact a qu
with complet

PART 2 - EQ
CONSTRUC
52 Genera
52.1 In ad

comply with
16.2.2(a), 19

tvne covernlate recentacle marked "\Wet | ocation" while-in Lse.
P A g 1 T

the temperature measured on the supporting surface during the Tempefature
90°C (194°F) but is not greater than 150°C (302°F), the installation instruc
n a WARNING to the installer to mount the power unit in or on nén:combust

installation instructions for a direct plug-in unit shall nclude the followin
Risk of Electric Shock. When used outdoors, install only to'a covered Class A G
at is weatherproof with the power unit connected to.the receptacle. If one is
plified electrician for proper installation. Ensure thatythe power unit and cord dq
bly closing the receptacle cover.”

QUIPMENT CONNECTED TO THE POWERWNIT OUTPUT

TION

dition to the other construction requirements in this section, a luminaire and
the following construction requirements in Part 1: 15.1, 15.2, 15.3, 15.5, 1

Test, Section
ions shall be
ble mounting

g statement:
FFCI protected
not provided,

not interfere

fittings shall
6.1.1, 16.2.1,

1, 19.2, and Switches*and Relays, Section 17 and Printed Wiring Boards, Sectig

52.2 Them

52.3 Alum

inimum thickness for a metal enclosure of a luminaire shall be 0.016 inch (0.41 1

naire or fitting using a polymeric material shall have minimum ratings as shown i

n21.

nm).

n Table 52.1.
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Table 52.1
Polymeric requirements

Use Examples RTI? Min. HB HWIP uvee
In contact with an Contact support material in a Yes Yes Yes? Yes®
uninsulated current carrying lampholder or insulation
part. piercing connector.
Lamp enclosing parts. Lens, reflector, globes, lamp Yes Yes ' No No¢
enclosure.
Parts not enclosing the lamp. | Stakes, decorative tops, tiers. | No No No No

Overload Test g
conducted.

¢ UV is Exposu
746C.

¢ UV testing reg
fNot required if

9 Not applicablg

4Alamp contairm

@RTl is Relative Thermal Index.

b For HWI PLC levels see Table 52.2. As an alternative to the values in Table 52.2, the Glow-Wire End Product Test or Abnormal
C, is to be

escribed in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746
to Ultraviolet Light Test in the Standard for Polymeric Materials — Use in Electrical EquipmentiEval

ent barrier shall comply with the UL 746C UV requirements.
uired when lamp holder is exposed to direct sunlight or a tungsten halogen lamp is.used.
results from temperature test yield no visual signs of deformation or reduction‘in overall dimensions,|

where the current carrying parts operate within class 2 power limits.

Table 52.2
Hot wire resistance to ignition

llations, UL

Flammability rating HWI PLC

HB
V-2
V-1
V-0
5V

A~ A WODNDN

52.4 Allinsi
coated, cadm
all surfaces.

Exception: Py

525 A lum
structure sha

He and outside surfaces‘of sheet steel or other mechanical parts of iron or steel
ium-plated, enameled, painted, or provided with equivalent protection against

nched holes and cut edges inferrous material need not be corrosion protected.

naire ,and other type of output circuit component intended to be recessed in

shall be zinc-
corrosion on

to a building
the conduit

I"comply with the enclosure requirements specified in 8.1 and 8.2 and with

connection provision requirements in 24.2.

53 Output Circuit Wiring and Connections

53.1

53.1.1

General

For installation of the luminaires and other output circuit components, the required length of main

low voltage cable and unit low voltage cable and connectors shall be provided unless instructions on how
to obtain cable and connectors from the manufacturer are provided.

53.1.2 Deleted
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53.2 Internal wiring

53.2.1 A conductor shall have insulation rated for the voltage, temperature, and condition of service to
which it will be subjected under conditions of intended use. The flammability rating shall be VW-1. A wire
or each insulated conductor of a cord that is rated for 90°C (194°F), 105°C (221°F), or 125°C (257°F) is
evaluated as rated 150°C (302°F) when each wire is individually provided with supplementary insulation
that consists of snugly fitting woven glass sleeving or tape at least 0.010 inch (0.25 mm) thick.

53.3 Main low voltage cable

53.3.1 Main low voltage cable shall be sized in accordance with Table 53.1 and shall be one of the
following:

a) Underground low energy circuit cable,
b) SP|T-3 or SPT-2W,
¢) Any junior hard service cord specified in 24.3.1.2,

d) Any other wire rated as sunlight resistant, suitable for wetocations, and intengled for direct
buriall as defined in the Standard for Thermoplastic-Insulated(nderground Feeder and Branch-
Circuft Cables, UL 493.

Exception: (able connected to a Class 2 power unit is permitted to be sized in accordance with Table
53.2.

Table 53.1
Maximum ampacities of secondarywires and cords with copper conductorns

Wire gauge (QWG) 18 16 14 12 10

Sl equivalent, nm? sectional area 0.82 1.3 21 3.3 5.3

Ampacity (amperes)
78 102 152 20?2 252
(10) (13) (18) (25) (30)

@ These ampadities are applicable'te’3-conductor cords and 4-conductor cords with three conductors carrying currgdnt. The
correspondinglampacities forithese sizes of 2-conductor cords and 3-conductor cords with two conductors carrying|current are
shown in parentheses.

Table 53.2
M si ¢ Cabtet tedto-ci >p it

Minimum cable size
Class 2 power unit maximum output rating, amps Wire gauge, AWG (mm?)
3.5 20 (0.52)
1.8 22(0.32)

53.4 Unit low voltage cable

53.4.1 Unit low voltage cable used to connect the luminaire or fitting to the main low voltage cable shall
be one of the following:

a) Any wire suitable for the main voltage cable, per 53.3.1,
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b) SPT-1W,

c) XTW or CXTW, or

d) AWM with minimum 22 AWG conductors and minimum 105 C, 300 V, 30 mil thick insulation.

53.4.2 When the unit low voltage cable is not of a type suitable for use as main low voltage cable,
installation instructions in accordance with 57.5 shall be provided.

53.4.3 The connectors used to connect a luminaire or output circuit component to the main low voltage
cable shall be copper or copper alloy, or the equivalent. When installed the connection shall guard against
inadvertent shorting of current carrying parts. Wire nuts are not to be used unless provided with corrosion

protection an

53.4.4 Con
Temperature

Exception: Connectors for use only on cables supplied by a Class 2 power unit are not requir

with this test.

PERFORMA

54 Temperature

54 1
5411 Ifrat
541.2 The

rated wattage

voltage rating.

54.1.3 Alun

maximum heating of the fitting!

54.1.4 The
or damage ar

Exception: A

| intended for outdoor use.

nectors with insulation-piercing terminals shall comply with the Insulation=Pierq
Test, Section 55.

NCE

ing Terminal

ed to comply

A luminaire shall be subjected to the temperature test described in 33.2 — 33.5, 33.8, apd 33.9.

bd for a reflector type lamp, a "flood" lamp shall be used for testing.

uminaire shall be connected to.d.supply source adjusted to cause the luminaire
. For lamp types that do not have a wattage, the supply source will be adjusted t

ninaire fitting designed to be adjustable by the user shall be positioned or adjus

uminaire shall not attain a temperature at any point sufficiently high to present t

y materials employed in the luminaire, or higher than as specified in Table 33.1.

polyymeric material, not including wood, used as a luminaire housing is able

lowest tempe

to operate at
b the marked

ted to cause

he risk of fire

0 exceed its

rature index ‘/I:Inr\frir\nl orMechanical with Impnnf/\ £ it anpline with 54 2

54.2 A polymeric material, not including wood, used as a luminaire housing that is subjected to an
operating temperature in excess of its lowest temperature index (Electrical or Mechanical with Impact) as
determined by the temperature test shall retain its original dimensions and shape after exposure for 1000
hours to a temperature in accordance with Table 54.1. Exposure time is able to be reduced by one-half for
each increase in oven temperature of 10°C (18°F). If the measured temperature is above 95°C (203°F),
the oven temperature is able to be determined by extrapolation.
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