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PART | - ALL POWER UNITS FOR FOUNTAIN, SWIMMING POOL, AND SPA LUMINAIRES

INTRODUCTION

1 Scope

1.1

These requirements cover field-installed air-cooled transformers and dc output power supplies

intended to supply fountain, swimming pool, and spa luminaires in accordance with Article 680 of the
National Electrical Code, NFPA 70.

1.2 These requirements do not address designs that vary the magnitude of voltage or current on the

output for sig

al or control purposes. Designs that superimpose a signal on the output for ¢

trol purposes

area also not
2 General
2.1

Power {

2.1.1 These

hddressed.

nits

power units are not intended for installation in specific luminaires.

2.2 Undated references

2.2.1
be interpreted

2.3 Units of

2.3.1 Valueg
approximate i

2.3.2 Unless
mean-square

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

as referring to the latest edition of that codefor standard.
measurement

stated without parentheses are(the requirement. Values in parentheses are
hformation.

indicated otherwise, all~voltage and current values mentioned in this stan
(rms).

2.4 Electric

241 Thein
volts dc or le

2.5 DCout

2.5.1

| rating

ut is to'be rated a nominal 120 volts; the secondary shall be rated 15 volts a
and-1000 volt-amperes or less.

standard shall

explanatory or

dard are root-

c or less or 30

pools, and spas shall comply with items (a) and (b) below.

Each output of a direct current (DC) power unit for supply of underwater luminaires for fountains,

a) The circuit shall be rated 30 VDC or less. The maximum output voltage in normal use and under
any single fault condition shall not exceed 30 VDC.

b) Under all combinations of constant resistive load and single fault conditions, the peak-to-peak
value of ripple voltage and ripple current measured on the circuit shall be not more than 10 percent
of the measured DC value.
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3 Components

A component of a product covered by this Standard shall:

a) Comply with the requirements for that component as specified in this Section;

b) Be used in accordance with its rating(s) established for the intended conditions of use;

sed within its established use limitations or conditions of acceptability; and

ply with the applicable requirements of this end product Standard

3.1 General
3.1.1
c)Beu
d) Com
3.1.2 A com

component requirement that:

a) Invg
produc

b) Is sy

c) Is se
used W

3.1.3 Specifi
capabilities. §
temperatures

3.1.4 A com
ground-fault g
thereof, shall g
that provide th

3.1.5 Anyco

3.1.6 Compdg

shall assume the following-installation parameters:

a) Outg

bonent of a product covered by this Standard is not required to comply’ W

Ives a feature or characteristic not required in the application ’of the com
L

perseded by a requirement in this Standard; or

parately investigated when forming part of another;eomponent, provided the
ithin its established ratings and limitations.

I~
9

components are incomplete in constrdction features or restricted in
uch components are intended for use<only under limited conditions, su

ponent that is also intended to perform other functions such as overcurre
ircuit-interruption, surge suppréssion, any other similar functions, or any
omply additionally with the fequirements of the applicable UL standard(s) that
pse functions.

mponent used shallnot present the risk of fire, electric shock or casualty hazar

nents shallsbe ‘suitable for the intended use and installation environment. 1

oor, Pollution Degree 3 installations.

ith a specific

bonent in the

component is

performance
th as certain

not exceeding specified limits, and shallibe used only under those specific condlitions.

nt protection,
combination
cover devices

ds.

[his suitability

b) Ove

rvottage Category i asspecified—imthe—Standard—for insutatiom—Coordina

Clearances and Creepage Distances for Electrical Equipment, UL 840.

3.2 Fuseholders

3.2.1
4248-1, and:

a) The
b) The
c) The

d) The

Standard for Fuseholders — Part 4: Class CC, UL 4248-4, or
Standard for Fuseholders — Part 5: Class G, UL 4248-5, or
Standard for Fuseholders — Part 6: Class H, UL 4248-6, or

Standard for Fuseholders — Part 8: Class J, UL 4248-8, or

ion Including

Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
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e) The Standard for Fuseholders — Part 9: Class K, UL 4248-9, or

f) The Standard for Fuseholders — Part 11: Type C (Edison Base) and Type S Plug Fuse, UL 4248-
11, or

g) The Standard for Fuseholders — Part 12: Class R, UL 4248-12, or

h) The Standard for Fuseholders — Part 15: Class T, UL 4248-15.
3.3 Fuses

3.3.1 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL
248-1, and:

a) Thel Standard for Low-Voltage Fuses — Part 2: Class C Fuses: UL 248-2, or
b) The Standard for Low-Voltage Fuses — Part 3: Class CA and CB Fuses; UL 248-3,|or
c¢) The|Standard for Low-Voltage Fuses — Part 4: Class CC Fuses: UL 248-4, or
d) The| Standard for Low-Voltage Fuses — Part 5: Class G Fuses;-UL 248-5, or
e) The Standard for Low-Voltage Fuses — Part 6: Class H Non-Renewable Fuses: Ul 248-6, or
f) The [Standard for Low-Voltage Fuses — Part 7: Class H\Renewable Fuses: UL 248-}, or

g) The Standard for Low-Voltage Fuses — Part 8; Class J Fuses: UL 248-8, or

h) The Standard for Low-Voltage Fuses — Part9: Class K Fuses: UL 248-9, or

i) The Btandard for Low-Voltage Fuses = Part 10: Class L Fuses: UL 248-10, or
j) The Btandard for Low-Voltage Fuses — Part 11: Plug Fuses: UL 248-11, or

k) ThelStandard for Low-Voltage’Fuses — Part 12: Class R Fuses: UL 248-12, or

I) The Btandard for LowgVoltage Fuses — Part 15: Class T Fuses: UL 248-15, or
3.4 Printed wiring boards

3.4.1 Printed wiring.boards shall comply with the Standard for Printed-Wiring Boards, UL [796. A printed
wiring board phall have a temperature rating corresponding to the maximum temperaturg on the board
during the Heating Test, Section 23. Unless wholly in a Class 2 circuit, it shall comply Wwith the direct
support of live parts requirements in UL 796.

3.5 Terminal blocks

3.5.1 Terminal blocks shall comply with:
a) The Standard for Terminal Blocks, UL 1059, or

b) The Standard for Low-Voltage Switchgear and Controlgear — Part 7-1: Ancillary Equipment —
Terminal Blocks for Copper Conductors, UL 60947-7-1, or

c) The Standard for Low-Voltage Switchgear and Controlgear — Part 7-2: Ancillary Equipment —
Protective Conductor Terminal Blocks for Copper Conductors, UL 60947-7-2, or
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d) The Standard for Low-Voltage Switchgear and Controlgear — Part 7-3: Ancillary Equipment —

Safety

Requirements for Fuse Terminal Blocks, UL 60947-7-3.

The UL 60947-7-x Standards are used in conjunction with the Standard for Low-Voltage Switchgear and

Controlgear —

Part 1: General Rules, UL 60947-1.

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

3.5.3 Terminal blocks intended for field wiring shall comply with the Standard for Wire Connectors, UL
486A-486B, or the Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper

Conductors, U

L 486E.

3.6 Wire connectors

3.6.1 Wire c
(copper or alu
They shall be

3.6.2 Wire c
Standard for B

3.7 Quick-connect wire connectors

3.7.1 Quick-

conductor material (copper or aluminum), number of cenductors terminated, and the voltage

the intended u

3.7.2 Quick-
Terminals, UL

CONSTRUCT]
4 Output Ci

4.1 Each out
shall not be b

bnnectors shall be suitable for the wire size, type (solid or stran@ed), cond
minum), number of conductors terminated, and the voltage and cuprent of the
hpplied per the installation instructions of the wire connector manufacturer.

pnnectors shall comply with the Standard for Wire .Conhectors, UL 486A
quipment Wiring Terminals for Use with Aluminum ard/or Copper Conductors,

fonnect type wire connectors shall be suitable for the wire size, type (solid

5e. They shall be applied per the installation instructions of the wire connector

connect type wire connectors shall comply with the Standard for Electrical G
310.

ON
cuit Isolation

put circuitshall be electrically isolated from the power unit supply circuit. Each
bnded to-the supply circuit equipment grounding conductor or to dead metal

supply circuit Tquipment grounding conductor.

Lictor material
intended use.

486B, or the
UL 486E

or stranded),
and current of
manufacturer.

duick-Connect

output circuit
bonded to the

4.2 Where a transformer is being used to provide isolation, the primary and secondary windings shall be:

a) Separated by a shield of copper that is at least 0.002 inch (0.051 mm) thick or brass minimum
0.005 inch (0.127 mm); or

b) Comply with the Standard for Low-Voltage Transformers — Part 3: Class 2 and Class 3
Transformers, UL 5085-3; or

¢) Comply with the Standard for Class 2 Power Units, UL 1310.

4.3 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 shall be no smaller
than 18 AWG (0.82 mm?).
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4.4 The shield dimensions and placement shall leave no unshielded electrical fault path between
windings through any bobbin wall, winding insulation, or both.

4.5 A power supply circuit complying with the Standard for Information Technology Equipment — Safety —
Part 1: General Requirements, UL 60950-1, and the Standard for Information Technology Equipment —
Safety — Part 22: Equipment to be Installed Outdoors, UL 60950-22, and the following specifications is
considered to meet the dc output limitations specified in 2.5 and the isolation requirements specified in 4.1
and 4.2.

a) The power supply has an Output Category (OC) rating of SELV suitable for outdoor locations as
specified in UL 60950-22.

b Tl"\ nowerunitwac avaliiatad far 1icg in Palliitinn Naoaraa 2 anviranmanitc
1 154 TWOT it ymorouorovaoarogotoorT LI~ A=A~ b I aun TTOOOUTTH 2o TOO O OTTvVIT TIrrT TICY

Excepfion: Power units with additional means to create a micro environment suitablg for that of the
power|supply.

c) Thelpower unit is suitable for Overvoltage Category Il installations.

Exceptfion: Supplies suitable for Overvoltage Category Il environments with supply| side transient
voltage surge suppression that meets the following: Complies with Standard for Surge Protective
Devicés, UL 1449, 6kV impulse and limiting the transient voltages to the power supply to 2500 volts
maximum for 240 volt rated units 1500 maximum for 120 y0lt units.

d) Thg power unit has an ambient temperature rating ‘appropriate for the installatior]. The ambient
tempefature in an outer enclosure intended for a non-high ambient temperature installation shall be
considered a 40°C (104°F) environment.

5 Class 2 Cjrcuits Within Power Unit

5.1 Except for compliance with the requirements identified in items (a) and (b) below, components of a
Class 2 Circult within the power unit enclgsure are not required to comply with the requirements in PART 1
of this standafd.

a) Ele¢trical Spacings, Seetion 15; and

b) Dielectric Strength Test, Section 24.

5.2 Compornents of@Class 2 circuit functioning as part of or mounted on the power unit gnclosure need
to comply with the applicable requirements in PART | of this standard.

6 Mechanical-Assembly

6.1.1 A power unit shall be formed and assembled so that it possesses the strength and rigidity required
to resist the abuses to which it is subjected, without increasing its fire hazard due to total or partial collapse
with resulting reduction of spacings, loosening or displacement of parts, or other serious defects.

7 Enclosures
7.1 General

7.1.1 A power unit shall be provided with an enclosure of noncombustible, moisture-resistant material.
The enclosure shall house all uninsulated live parts.
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7.1.2 An enclosure shall be provided with means for mounting in a reliable manner. The design shall be
such that, when the enclosure is mounted on a plane surface, it will make contact with such surface at
points of support only; and when so mounted there shall be a spacing through air of not less than 1/4 inch
(6.4 mm) between the supporting surface and the enclosure.

7.1.3 A sheet-steel enclosure shall be formed from stock having an average thickness of not less than
0.026 inch (0.66 mm) (No. 22 Manufacturer's Standard Gauge — MSG), except that sheet steel having an
average thickness of not less than 0.021 inch (0.53 mm) (No. 24 MSG) may be used for drawn end bells
having maximum dimensions of 2-1/4 inches (57 mm) on the flat portion and 1-1/2 inches (38 mm) at the
base of the drawn portion. The thickness of an enclosure of nonferrous steel metal shall be such as to
provide strength and rigidity not less than that of an enclosure of sheet steel having the specified
thickness.

7.1.4 Sheet Jaluminum used for an enclosure shall have an AWG number that is four units 'higher than the
MSG number for the required thickness of uncoated sheet steel.

7.1.5 The aJerage thickness of a steel sheet is determined by taking the average of fije micrometer
readings equally spaced across the full width of the sheet as rolled.

7.1.6 An endlosure of cast iron shall not be less than 1/8 inch (3.2 mm)thick at any point, and of greater
thickness at rginforcing ribs and edges of doors or covers.

7.1.7 The coler of an enclosure shall be secured in place in areliable manner.

7.1.8 A covel which must be removed to permit the connéection of circuit conductors shall ngt be provided
with means for the connection of conduit.

7.1.9 A hinggd cover shall be provided when aceess is required to the interior of the power unit to reset
protective devlces or replace fuses.

7.2 Resistarnce to corrosion

7.2.1 Aniron or steel part shall-beresistant to corrosion by enameling, galvanizing, plating{ or equivalent
means, if the qorrosion of such a-part would be likely to result in a risk condition.

Exception No.|1: In cerainrinstances where the oxidation of iron or steel due to the exposure of the metal
to air and moigture is_hot likely to be appreciable — thickness of metal and temperature also Heing factors —
surfaces of sheet Steel and cast iron parts within an enclosure may not be required to| be corrosion
resistant.

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

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

7.2.2 Copper or copper alloy with zinc content not in excess of 15 percent may be used without
additional resistance to corrosion.

7.2.3 Aluminum may be used without additional resistance to corrosion.

7.2.4 Metal shall not be used in combinations to cause galvanic action.
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7.2.5 A sheet steel enclosure and other parts, including hinges and other attachments, of a power unit
intended for outdoor use shall be resistant to corrosion as described in 7.2.6 and 7.2.7.

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

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating designation G90 in the
Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40 percent of the
zinc on any side, based on the minimum single spot test requirement in this ASTM designation.
The weight of the zinc coating may be determined by any method; however, in case of question,
the weight of coating shall be established in accordance with the Standard Test Method for Weight
(Mass) of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM A90/A90M

REV

b) A Z
applie
minim
c)Ac
or alky

determiined by consideration of its composition or by corrosion tests if these 4
Sary.

neces

d)Ac

e)Ac
of outq
with tw

f) Othe

inc coating, other than that provided on hot-dipped, mill-galvanized sheet
l to an average thickness of not less than 0.00061 inch (0.015 mm) on eag
Im thickness of 0.00054 inch (0.014 mm). An annealed coating shall"also com

pating conforming with subitem (1) or (2) and with one coat of'an organic finis

Idmium coating.notless than 0.0010 inch (0.025 mm) thick on both surfaces.

d-resin type or other outdoor paint on both surfaces. Theiaceeptability of thg

1) Hot-dipped, mill-galvanized sheet steel conforming with the coating desigd
A60 in Table | of ASTM A653/A653M, with netless than 40 percent of the zin
based on the minimum single spot test requirement in this ASTM standard.
the zinc coating may be determined by any method; however, in case of ques
of coating shall be established in accerdance with the test method of ASTM A
A. An annealed coating shall also comply with 7.2.7.

2) A zinc coating, other than\that provided on hot-dipped, mill-galvanize
uniformly applied to an average thickness of not less than 0.00041 inch (0.01
surface with a minimum thickness of 0.00034 inch (0.009 mm). An anneale
also comply with 7.2.7.

dmium coating not less than 0.00075 inch (0.019 mm) thick on both surfaceg
oor paipt:on both surfaces, or not less than 0.00051 inch (0.013 mm) thick on
o coats of outdoor paint on both surfaces. The paint shall be as described in 7|

rfinishes, including paints, special metallic finishes, and combinations of th

teel, uniformly

h side, with a

bly with 7.2.7.

h of the epoxy

paint may be
re considered

nation G60 or
c on any side,
The weight of
lion the weight
90/A90M REV

d sheet steel,
D mm) on each
 coating shall

with one coat
both surfaces
2.6(c).

e two may be

accepted when comparative test with galvanized sheet steel (without annealing, wiping, or other
surface treatment) conforming with 7.2.6(a) indicate that they provide equivalent resistance to
corrosion. Among the factors that are taken into consideration when evaluating such coating
systems are exposure to salt spray, moist carbon dioxide-sulfur dioxide mixtures, moist hydrogen
sulfide-air mixtures, ultraviolet light, and water. Organic coatings shall comply with the Standard for
Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment, UL 1332.

7.2.7 An annealed coating on sheet steel that is bent or similarly formed or extruded, or rolled at edges of
holes after annealing shall be additionally painted in the affected areas if the process damages the zinc
coating. When flaking or cracking of the zinc coating at the outside radius of the bent or formed section is
visible at 25 power magnification, the zinc coating is considered to be damaged. Sheared or cut edges and
punched holes are not required to be additionally treated.
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7.3 Conduit connection provisions

7.3.1 Provision shall be made for separate conduit connection for the input and output circuits.

7.3.2 When threads for the connection of conduit are tapped all the way through a hole in a power unit
enclosure, or when an equivalent construction is used, there shall not be less than 3-1/2 nor more than five
threads in the metal, and the construction shall be such that a standard conduit bushing is capable of
being properly attached.

7.3.3 When threads for the connection of conduit are tapped only part of the way through a hole in the
enclosure, there shall not be less than five full threads in the metal and there shall be a smooth, well-
rounded inlet hole for the conductors which shall afford protection to the conductors equivalent to that

provided by a

7.3.4 A powegr unit designed to be supported by rigid conduit shall have substantial‘conduit

less than five
comply with th

7.3.5 Anenc

7.3.6 A knod
have a diame
Fittings, UL 51

7.3.7 There
conduit bushin

7.4 Opening

7.4.1 Openin
openings prot
shaped so th

except that w
inches (102 m
opening permi

7.4.2 The wi
square inch (1

standard conduit bushing.

full threads or other equivalent supporting means of such strength that th
e requirements in the Pullout, Bending, and Twisting Tests, Sectién27.

osure of cast iron shall not be less than 1/4 inch (6.4 mm) thicK at tapped hole

kout for the connection of conduit to a terminal or wiring compartment of a pg
ter in accordance with the requirements of the_Standard for Conduit, Tubin
4B.

shall be adequate space within a terminal or wiring compartment to perm
g to be properly mounted on conduit connected to the compartment.

S

gs in an enclosure intended_to provide ventilation, including perforated holes
cted by means of wire screening, expanded metal, or perforated covers, shal

no opening permits, passage of a rod having a diameter of more than 1/2 in
nen the distance bétween uninsulated live-metal parts and the enclosure is
m), openings arenot prohibited from being larger than those previously speci
ks passage ofia.rod having a diameter of more than 3/4 inch (19.1 mm).

es of alscreen shall not be less than 16 AWG (1.31 mm?) when the screen ops
2.7 fMm square) or less in area, and not less than 12 AWG (3.31 mm?) for

openings. Sheg

et metal used for expanded-metal mesh, and perforated sheet metal shall ha

hubs with not
ese parts will

5 for conduit.

wer unit shall
g, and Cable

it a standard

louvers, and
be sized and
ch (12.7 mm));
more than 4
fied, when no

enings are 1/2
larger screen
e an average

thickness of n

tesstham0-:043mch () {(No 18 MSG)whemthe meshopeningsorperforations are

1/2 square inch or less in area, and shall have an average thickness of not less than 0.095 inch (2.4 mm)

(No. 12 MSG)

for larger openings.

7.4.3 An opening into a wiring compartment shall be located or shielded so that emission of molten
metal, burning insulation, etc., from the wiring compartment under fault conditions is unlikely to occur.

7.5 Rain-tight enclosures

7.5.1

specified in 18.9 and shall comply with 7.5.2 - 7.5.7.

A power unit intended for installation outdoors shall be marked "Suitable For Outdoor Use" as

7.5.2 A rain-tight sheet-steel enclosure shall have an average thickness of not less than 0.054 inch (1.37
mm) (No. 16 MSG).
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7.5.3 A hole for conduit in a rain-tight enclosure shall be threaded, unless it is located wholly below the
lowest live-metal part of a power unit. (Insulated wire leads are not considered to be live-metal parts).

7.5.4 A threaded hole for conduit shall be reinforced to provide metal not less than 1/4 inch (6.4 mm) in
thickness, and shall be tapered unless a conduit end stop is provided.

7.5.5 There shall be provision for drainage of the enclosure when knockouts or unthreaded conduit
openings are provided.

7.5.6 The enclosure shall be provided with external means for mounting, except that internal means for
mounting are not prohibited from being used when the construction prevents water from entering the
enclosure.

7.5.7 Arain{tight enclosure shall be constructed to resist leakage during a beating rain as $pecified in the
Rain Test, Segtion 30.

8 Splices and Connections

8.1 A splice|or connection shall be made mechanically secure and shall provide continufty of electrical
contact.

8.2 A splice|shall be provided with insulation equivalent to that'an the spliced wires when permanence of
spacing betwg¢en the splice and uninsulated metal parts is not‘provided.

8.3 A soldered connection shall be made mechanically‘secure before being soldered.

Exception: When the conductors of a soldered \cohnection are rigidly held in place withput the use of
solder, or when it will be retained in place by compound or other suitable means so as not tp be subjected
to appreciable motion, no additional mechanical security is required.

9 Separatign of Circuits

9.1 The primpary and secondary,leads shall be separated internally and shall terminate in deparate wiring
compartments for field wiring connections.

10 Field-Wiring Connections

10.1 GenerTI

10.1.1 A power unit shall be provided with pigtail leads or terminals for field wiring connections.

10.1.2 The primary leads or terminals shall be color coded and the lead or terminal intended to be
connected to the grounded supply conductor shall be connected within the power unit to the winding end
closest to the grounded shield.

10.2 Terminals
10.2.1 The set-screw form of wiring terminal shall not be used.

10.2.2 Terminal plates and the wire-binding screws, studs, and nuts shall be of nonferrous metal.
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10.2.3 A No. 10 (4.8 mm) or larger wire-binding screw is not prohibited from being made of iron or steel
when suitably plated. Copper and brass are not to be used for plating of a steel wire-binding screw;

however, a pla

ting of cadmium or zinc is not prohibited from being used.

10.2.4 The thickness of a terminal plate for a wire-binding screw shall be not less than 0.030 inch (0.76
mm); and there shall not be less than two full threads in the metal for the binding screw.

10.2.5 A wire-binding screw or stud shall not be smaller than No. 6 (3.5 mm) nor have more than 32
threads per inch (1.3 threads per mm).

10.2.6 Wiring terminals shall be provided with cupped washers, upturned lugs, or the equivalent to retain
the wires under the heads of screws or nuts.

10.3 Pigtail

10.3.1 A pov
the National B
which it is con

10.3.2 A pow

10.3.3 A pov
use in wet log
RHW-2, XHHV

10.3.4 A the
types TW, TH
the lead’s stra
temperatures
production.

10.3.5 Tope

10.3.6 Thec
welded, or oth

10.3.7 Strain
inside the pow

eads

er unit lead shall be of stranded wire. The lead shall have an ampacity, in ac
lectrical Code, ANSI/NFPA 70, not less than the rated full-load current of t
nected and shall not be smaller than 14 AWG (2.08 mm?).

er unit lead shall be suitable for the voltage involved.

er unit lead shall be a wire type suitable for the voltage and temperature in
ations and, except as specified in 10.3.4, be .a ,thermoset wire type such a
V, or XHHW-2.

rmoplastic wire type power unit lead shall suitable for use in wet locations,
W, THW-2, THHW, THHW-2, THWNZTHWN-2, or ZW. The wire’s electrical
in relief means, as specified in-10.3.7 and 10.3.8, shall not be damaged
encountered during any power unit varnishing and compounding operations

mit connections to be made, the free length of a lead shall be 6 inches (15 cm

pnnection between’a lead and the winding or other part of the power unit sha
brwise securély-connected.

relief-shall be provided so that a stress on a lead will not be transmitted to t
er unit.

cordance with
he winding to

volved, be for
5 types RHW,

such as wire
nsulation and
As a result of
completed in

or longer.

| be soldered,

ne connection

10.3.8 A strain relief means which depends solely on adhesion between the conductor and compound is
not to be used.

10.3.9 The surface of an insulated lead intended for the connection of an equipment-grounding
conductor shall be green with or without a yellow stripe, and no other lead shall be so identified.

11 Bushings for Wiring

11.1 A bushing which is used in a power unit intended for outdoor use shall be of porcelain, cold-molded
or phenolic composition, fiber which has been so treated as to render it suitably resistant to moisture, or
other insulating material recognized as being suitable for the particular application.

11.2 An untreated fiber bushing is to be used in a power unit intended only for indoor-use.
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11.3 A fiber bushing shall have a wall thickness of not less than 1/16 inch (1.6 mm) [with a minus
tolerance of 1/64 inch (0.4 mm) for manufacturing variations], and shall be formed and secured in place so
that it is not affected adversely by conditions of ordinary moisture or by normal use. A fiber plate not less
than 1/32 inch (0.8 mm) in thickness, with a punched hole, may be used in place of a bushing when the

wire is tightly bushed and is rigidly held in position.

11.4 Bushings of rubber, wood, or so-called hot-molded shellac or tar compositions shall not be used.

11.5 A wire-entry hole in an enclosure, in a partition, or in a bushing shall be smooth and well-rounded,
without burrs or fins which are capable of damaging the conductor insulation.

11.6 A bushing shall be securely held in place.

11.7 An insu
an interior me
through an ar

lating bushing is not required at a point where a low-voltage wire passes ithr

bugh a hole in

tal wall or barrier, through a hole in insulating material, through a conduit nipple or hub, or

mored-cable connector or the equivalent.

12 Insulating Material for Mounting Live-Metal Parts
12.1  Material for the mounting of live-metal parts shall be glass;, porcelain, phenolic gr cold-molded
composition, jor polymeric material that complies with the applicable requirements in thg Standard for

Polymeric Mdterials — Use in Electrical Equipment Evaluations; UL 746C. Untreated fiber,

and so-called

12.2 Enams

13 Coil Insulation

131
Voltage Tran
Voltage Trans

The transformer shall meet the constructional requirements specified in the Sta

hot-molded shellac or tar compositions shall notbe used.

led wire is not required to be additionally {reated to prevent moisture absorptio

sformers — Part 1: General_Requirements, UL 5085-1, and either the Sta
formers — Part 2: General)Purpose Transformers, UL 5085-2, the Standard fq

rubber, wood,

-

hdard for Low
ndard for Low
r Low Voltage

Transformers|— Part 3: Class 2 and Class 3 Transformers, UL 5085-3, or the Standard for Class 2 Power
Units, UL 131p.

14 Wiring Devices

14.1 A switgh or other wiring device shall be mounted so that it will not turn with regard t@ the mounting

surface.

15 Electrical Spacings

15.1

The electrical spacings at wiring terminals, between uninsulated live-metal parts of opposite

polarity, and between an uninsulated live-metal part and a dead-metal part which may be grounded when
the power unit is installed, shall not be less than as specified in Table 15.1.

Table 15.1
Electrical spacings at wiring terminals

Electrical spacings in inches (mm)

Voltage involved Through-air Over-surface
0-50 1/8 (3.2) 1/4 (6.4)
51-250 112 (12.7) 1/2 (12.7)
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15.2 The electrical spacings at points other than wiring terminals, between uninsulated live-metal parts
of opposite polarity, and between an uninsulated live-metal part and a dead-metal part, shall not be less
than those indicated in Table 15.2. These spacing requirements do not apply between turns of the same
winding.

Table 15.2
Electrical spacings at other than wiring terminals

Electrical spacings in inches (mm)
Voltage involved Through-air Over-surface
0-50 1/16 (1.6) 1/16 (1.6)
51-125 1/8 (3.2) 1/4 (674)
126 — 250 1/4 (6.4) 3/8+(9%5)
15.3 The spacing between secondary parts and primary parts shall not berless than refjuired for the

voltage of the
than required
power unit shg

16 Output Q
16.1 Integral
with the Abno
shall be locat

replace a fuse

Exception No.
1310.

Exception No
Class 2and C

Exception No.

primary parts. The spacing between secondary parts and dead-métal parts sh
for the voltage of the secondary parts. The spacing betweéen two secondary
Il not be less than that for uninsulated live-metal secondary,parts of opposite p|

verload Protection

overload protection shall be provided for the<outputs. The protection means
mal Heating Test followed by the Dielectric.Strength Test, Section 24. The pro
d so that internal wiring is not disturbedwwhen attempting to reset a protec

1. Transformers or power units‘that comply with the Standard for Class 2 P9

2: Transformers that comply with the Standard for Low-Voltage Transforn

ass 3 Transformers, UL 5085-3.

3: Power supphy’circuits that comply with 4.5.

all not be less
windings of a
plarity.

shall comply
tective device
tive device or

wer Units, UL

ers — Part 3:

17 Grounding

17.1 Atermi ed in both the
primary and s e wire-binding
screw, stud, or lay-in connector which permits connection of a continuous unbroken grounding conductor,
is not prohibited from being used. These terminals shall be capable of securing a conductor of a size
suitable for the particular application in accordance with the National Electrical Code, ANSI/NFPA 70, and
not smaller than 12 AWG (3.31 mm?).

hal'selely for connection of an equipment grounding conductor shall be provid

2l e vt % ] L £ 41 4 ES ES H ] H 1
culiuary wirnry LUTTIPgartumnicinoe. mrincu Ul T ot WU oTPuaralc toiiiinmidlio, a olftyl

17.2 A wire-binding screw intended for the connection of an equipment grounding conductor shall have a
slotted, hexagonal, green-colored head. Means shall be provided for retaining the conductor under the
head of the screw. A pressure wire connector intended for this use shall be plainly identified by being
marked "G", "GR", "Ground", or "Grounding".

17.3 A wire-binding screw or pressure wire connector shall be located so that it does not have to be
removed during normal servicing of the power unit.


https://ulnorm.com/api/?name=UL 379 2022.pdf

NOVEMBER 4, 2022 UL 379 17

17.4 Suitable instructions shall be supplied to indicate the proper connection of the grounding conductor
to a lay-in connector to insure that it remains unbroken.

17.5 A wireway spaced between the edge of the power unit shell and the enclosure, or a tube through
potting compound where such is used, or any other convenient means to permit passage of an unbroken
grounding wire through the power unit enclosure, shall be provided. This wireway shall be constructed so
that the primary and secondary wiring does not enter the other wiring compartment.

18 Marking
18.1 A power unit shall have a plain legible marking which is readily visible after the power unit has been

installed as intended, and which includes the manufacturer's name or trademark, catalog number or the
equivalent, arjd the electrical rating.

18.2 The elgctrical rating of a power unit shall include the primary voltage or voltages anq frequency, all
secondary voltages, and the secondary capacity in amperes or volt-amperes.

18.3 A termjnal for the connection of a grounded conductor shall be identified by meanpg of a metallic
plated coating substantially white in color, and shall be readily distinguishable from the other materials; or
when wire leads are provided and serve in place of terminals for the power unit, the ident|fied lead shall
have a white ¢r gray color and shall be readily distinguishable fromyrthe other leads.

18.4 When & manufacturer produces power units at more than-one factory, each finished power unit shall
have a distindtive marking, which is not prohibited from being’in code, by which it may be identified as the
product of a particular factory.

18.5 Special markings concerning the use of the(power unit and the requirement for grounding the case
are required.

18.6 When,|during the Heating Test, Section 23, the temperature on a field-installed lead ¢r on a surface
of the wiring compartment which the lead is capable of contacting is more than 60°C (140fF), the power
unit shall be fnarked at or near the points where field connections will be made, and located so that it is
readily visible during installatien, with the following (or equivalent) statement: ["FOR FIELD
CONNECTIONS, USE WIRES\SUITABLE FOR AT LEAST ___°C (___°F)." The temperatyre value to be
used in the preceding statement shall be in accordance with Table 18.1.

Table 18.1
Wiring compartment marking

Temperature attained during test Value to be used in marking indicated

More than But not more than in 18.6
60°C (140°F) 75°C (167°F) 75°C (167°F)
75°C (167°F) 90°C (194°F) 90°C (194°F)

18.7 When the temperature rise on a power unit enclosure is more than 65°C (117°F), the power unit
shall be clearly marked to indicate the minimum separations (the distances X and Y in Figure 18.1)
between the enclosure and the adjacent surfaces required to prevent attainment of temperatures of more
than 90°C (194°F) on the latter. The marking shall be located so that it is plainly visible after the power unit
has been installed as intended.
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Figure 18.1

Power unit test set-up
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spacing between the top of the power unit enclosure and the surface above the power unit.

spacing between the hotter end of the power unit and the adjacent side wall. If the temperature
igher than that of the left end, the side wall is to be to the right instead of to the left as shown.

e wall and the top of the test alcovélrepresented in Figure 18.1 are of 3/8-
od, and the rear wall (on which.the power unit is mounted) is of 3/4-inch

inner surfaces of the test alcove are to be painted dull black, and the powe
intended manner. The horizontal dimensions of the walls and top are to be la
temperatures attained(closely approach those which would result if the dim

r unit intended for-installation outdoors shall be marked "Suitable for Outdod
tallation.

the power unit complies with the requirements in Part Il, markings ar
all net describe or portray the power unit as suitable for connection to a
y.t0,an underwater pool light forming shell.

f the right end of

nch (9.5-mm)
19-mm) thick
Ir unit is to be
rge enough to
ensions were

r Use" where

d installation
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18.11

Outputs that comply with the Standard for Class 2 Power Units, UL 1310, or the Standard for Low-

Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3, shall be marked “Class 2
transformer” or “Class 2 Power Unit” or with some equivalent marking.

PERFORMAN

19 General

19.1

CE

specified, a different sample for each test is not prohibited from being used.

A power unit shall be subjected to the tests specified in Sections 19 — 30. Unless otherwise

19.2 The primary voltage for each test shall be as indicated in the description of that test, except that the
primary voltage shall be 120 volts when the primary-voltage rating is 110 — 120 volts.
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19.3 When a power unit has its output rated in volt-amperes, the full-load secondary current is to be
determined by taking the quotient of the rated secondary volt-amperes and the rated secondary voltage.

19.4 Requirements relating to heating are based on an ambient-air temperature of 25°C (77°F). A
temperature test may be conducted in any ambient-air temperature and the variation from 25°C (77°F)
added to or subtracted from the observed temperature readings.

19.5 Exceptin those cases where it is specifically stated that temperature determinations are to be made
by the resistance method, temperatures are to be measured by means of thermocouples. A thermocouple-
measured temperature is considered to be constant if three successive readings, taken at intervals of ten
percent of the previously elapsed duration of the test, but at not less than five-minute intervals, indicate no
change. The junction of the thermocouple is to be secured in intimate contact with the point of the surface
at which the temperature is to be measured; and the thermocouple is to consist of wires not|larger than 24
AWG (0.205 jm?).

19.6 When thermocouples are used in the determination of temperatures in connection wjth the heating
of electrical devices, it is standard practice to use thermocouples consisting of 30‘AWG (0.4511 mm?) iron
and constantan wires, and a potentiometer-type of indicating instrument;sand such equigment is to be
used whenever referee temperature measurements are necessary.

19.7 The temperature rise of a copper or aluminum winding js.; 4o be determined by the resistance
method by cpmparing the resistance of the winding at the demperature to be deternjined with the
resistance at f known temperature, according to the following formula:

R
At = 7(k+t1)"(k+t2)

in which:
A tis the temperature rise,
R is the resistance of the coil at the end of the test,
r is thg resistance of the coil at the beginning of the test,
k is 234.5 for copperand 225.0 for aluminum,
t; is thp room temperature in °C at the beginning of the test, and

t, is thp.room temperature in °C at the end of the test.

As it is generally necessary to de-energize the winding before measuring R, the value of R at shutdown
may be determined by taking several resistance measurements at short intervals, beginning as quickly as
possible after the instant of shutdown. A curve plotted between the resistance values and time may then
be extrapolated to give the value of R at shutdown.

19.8 A wall-mounted power unit shall be mounted in a corner alcove described in 18.8 and Figure 18.1
during the Heating Test, Section 23.

20 Leakage Current Test

20.1 The power unit enclosure is to be isolated from ground with the primary connected to a source of
rated primary voltage. The leakage current shall be measured with the power unit in a well-heated
condition.
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20.2 Leakage current from the enclosure and other accessible surfaces to each supply circuit conductor
through a 500-ohm resistor is not to exceed 5 mA.

20.3 For accessible nonmetallic surfaces, leakage current is to be measured using metal foil with an
area of 10 by 20 centimeters in contact with the surface. When the conductive surface has an area less
than 10 by 20 centimeters, the metal foil is to be the same size as the surface. The metal foil is to conform
to the shape of the surface but is not to remain in place long enough to affect the temperature of the
product.

21 Open-Circuit Voltage Test

21.1 The open circuit secondary voltage shall be 15 volts AC or less or 30 volts DC or less when
connected to g source of maximum rated primary voltage.

22 Input Tegt

22.1 The ingut in amperes or volt-amperes to a power unit shall not be more than 110 percent of the
rated primary|value, when the power unit is delivering its rated secondarty output, with the primary
connected to g circuit of maximum rated voltage and rated frequency.

23 Heating Test

23.1 When o¢perated continuously at maximum rated primary voltage and rated frequgncy, with the
secondary del|vering full-load secondary current, with the frame or enclosure grounded, and|until constant
temperatures Jare attained, the temperature on or within"a power unit shall not be such as to affect
injuriously any| of the material used in its construction.The temperature at any point on the enclosure shall
not be more than 90°C (194°F); the temperature ofAvinding insulation shall not be more thgn specified in
Table 23.1; thg temperature of other components and materials shall not be more specified ir] Table 23.2.

Exception: The temperature rise on the enclosure is not prohibited from exceeding 90°C (194°F) when the
power unit is tgsted as described in 23(5 and marked in accordance with 18.7.

Table 23.1
Maximum temperature for winding insulation
Insulation
system Hot spot? differential, Maximum temperature rise, Maximum temperature®,

o (°F) o (°F) °c (°F)
Class 105 (A) 48 18 75 426 95 203
Class 130 (B) 10 18 95 171 120 248
Class 155 (F) 15 27 115 207 140 284
Class 180 (H) 20 36 135 243 160 320
Class 200 (N) 25 45 150 270 175 347
Class 220 (R) 30 54 165 297 190 374

@ The assumed difference between the average coil temperature determined by the change-of-resistance method and the hottest
point somewhere within the coil.

b See 23.6.
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Table 23.2
Maximum temperature rises for materials and components
Materials and components °Cc (°F)
A. COMPONENTS
1. Capacitors:
a. Electrolytic? 40 72
b. Other types® 65 117
2. Fuses:
a.Class G, J, L, T, and CC:
Tube 100 180
Ferryle or blade 8% 153
b. Otherg® 65 117
3. Coils of a[Class 2 transformer:
a. Class|105 insulation systems:
Thermocouple method 65 117
Resigtance method 85 153
b. Class|130 insulation systems:
Thermocouple method 85 153
Resigtance method 95 171
B. CONDUCTORS
1. Rubber- dr thermoplastic-insulated wires and cords® ¢ 35 63
2. Copper
a. Tinnedl or bare strands having:
i. A djameter less than 0.015 inch (0.38 mm) 125 225
ii. A diameter of 0.015 inch (0.38 mm) or more 175 315
b. Plateq with nickel, gold, silver, or a combifation of these 225 405
C. ELECTRICAL INSULATION — GENERAL
1. Fiber usefl as electrical insulation 65 117
2. Phenolic gomposition used as efectrical insulation or as a part the deterioration of which is
capable of rgsulting in a risk of fire'or electric shock®:
a. Lamirjated 100 180
b. Moldgd 125 225
3. Varnished-cloth insulation 60 108
@ For an electrolytic eapacitor that is physically integral with or attached to a motor, the maximum temperature risefon insulating
material integral with the capacitor enclosure shall not be more than 65°C (117°F).
® A capacitor that operates at a temperature of more than 65°C (149°F) complies with the intent of this requirement when
evaluated on the basis of its marked temperature limit.
¢ These limitations do not apply to compounds and components that have been investigated and rated for use at higher
temperatures.
4 A rubber-insulated conductor with a motor, a rubber-insulated motor lead, and a rubber-insulated conductor of a flexible cord
entering a motor that is subjected to a higher temperature complies with the intent of this requirement when the conductor is
provided with sleeving or a braid that has been investigated and rated for use at the higher temperature. This does not apply to
thermoplastic-insulated wires or cords.

23.2 In a wiring compartment, the temperature attained on a field-installed conductor and temperature of
any surface which such lead is capable of contacting, shall not be more than 90°C (194°F). If the
temperature exceeds 60°C (140°F), the marking specified in 18.7 shall be provided.

23.3 In the performance of the test specified in 23.1, the load is to consist of resistance. The load is to be
adjusted until full-load secondary current flows; after two minutes of operation, the load is to be readjusted,
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if necessary, to restore the current to full-load value, but no further adjustment is to be made thereafter.
Winding temperatures (for determining the temperatures on the winding insulation) are to be measured by

the resistance

method. See 18.7.

23.4 When a fuseholder is provided, a fuse of proper rating is to be used during this test.

23.5 The temperature rise on the enclosure of a power unit intended for wall mounting shall not be more
than 80°C (144°F) during the heating test when:

a) The temperature test is conducted with the power unit mounted in an alcove as described in 18.8
and Figure 18.1;

b) The lCIIIpUIdtUIU dt alty pU;IIt Ull ti 1< iIIIIUI Dul_fabcb Uf ti 1c aiuuvc ib IIUt LLLI®A > t;ldll
and
c) The power unit is marked in accordance with 18.7.

23.6 The teg
temperature v
temperatures
(77°F) ambien

23.7 Where
voltage tap co
otherwise be ¢

23.8 Prior to
required load
necessary to
necessary. No

24 Dielectric

241 A pows
without breakd

a) 250(

t shall be conducted in an ambient temperature of 25°C + 5°C (77°F %
ariations above or below 25°C (77°F) shall be respectively subtracted fro
recorded at points on the product. Temperature limits specified above are bas

-

nfigurations unless the voltage tap configuration-producing the greatest tem
stablished.

energization, the resistive load shalkbe adjusted to the value anticipateq
current. The power unit shall be energized and the resistive load immediately
draw involved load current and-then readjusted again after two minutes ¢
further adjustment of the resistive’load shall be made during the test.

t Strength Test

r unit, while hot-from the testing previously specified, shall be capable of
own, for a perigd,of one minute, the application of an alternating period of:

volts between primary and secondary windings and

b) For

pach winding, except as specified in 24.2, 1000 volts plus twice the maximum

]

0°C (194°F);

°F). Ambient
or added to
ed on a 25°C

b power unit has more than one voltage tap for a winding, the test shall be completed for all

beratures can

to draw the
readjusted as
f operation if

withstanding

oltage of that

windingr, between:

1) The winding and

2) The core, enclosure, and grounded shield.

24.2 The voltage to be applied in 24.1(b) shall be 500 volts for Class 2 circuits.

24.3 When the power unit has an extended winding, the "maximum voltage" specified in the preceding
paragraph is to include the voltage of the extended portion of the winding, even though both terminals of
the extended portion are not available for external connection.

24.4 The test potential is to be supplied from a suitable 500 volt-ampere or larger testing power unit, the
output voltage of which can be regulated; and the wave form of the voltage should approximate a sine
wave as closely as possible. The applied potential is to be increased gradually from zero until the required
test value is reached, and is to be held at that value for one minute.
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