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INTRODUCTION

1 Scope

1.1

These requirements cover LED equipment that is an integral part of LED luminaires or lighting

systems. These requirements cover LED drivers, controllers, arrays (modules), and packages as defined
within this standard. These requirements also cover power sources that are integrated into LED luminaires
or lighting systems for functions other than a LED driver (e.g., DALI bus power supply).

1.1.0 LED equipment covered by this standard are intended for operation in the visible light spectrum
between 400 — 700 nm. Coherent light sources (e.g. laser sources) are not covered by this standard.

Exception N(L. 1: LED packages as described in Supplement SD may have applications othe

illumination g

Exception N(
than general
1.1.1  Delet

1.1.2 Delet

nd may operate outside of the visible light spectrum.

. 2: Special Use LED arrays as described in Supplement SJ have intended app
illumination and may operate outside of the visible light spectrum:

D

d

D

d

1.1.3 Thes¢ requirements do not cover LED controllers wjthinthe scopes of the following st

a) Sta
or

b) Stg

1.2 These
accordance
utility conneg

1.3 LED eq
below. The
standards. In

a) Ele

b) Po

ndard for Safety for Plug-In Locking TypeRPhotocontrols for Use with Area Ligh

ndard for Safety for Solid-State Dimiming Controls, UL 1472.

ighting products are intended-for installation on branch circuits of 600 V nom
with the National Electricak€ode (NEC), ANSI/NFPA 70, and for connection to
ted) power sources such-as generators, batteries, fuel cells, solar cells, and the

uipment is utilizéd) in lighting products that comply with the end-product stg
requirements in)this standard are intended to supplement those in other
cluded are:

ctric Signs, UL 48,

rtable’Electric Luminaires, UL 153,

- than general

ications other

andards:

ting, UL 773,

nal or less in
solated (non-
ike.

ndards listed
end-product

¢) Underwater Luminaires and Submersible Junction Boxes, UL 676,

d) Emergency Lighting and Power Equipment, UL 924,

e) Stage and Studio Luminaires and Connector Strips, UL 1573,

f) Track Lighting Systems, UL 1574,

g) Luminaires, UL 1598,

h) Direct Plug-In Nightlights, UL 1786,

i) Low Voltage Landscape Lighting Systems, UL 1838,

j) Self-Ballasted Lamps and Lamp Adapters, UL 1993,
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k) Luminous Egress Path Marking Systems, UL 1994, and

I) Low Voltage Lighting Systems, UL 2108.

1.4 The requirements in this standard do not anticipate additional construction, performance and
marking considerations for the following end-applications: LED equipment subject to weather (outdoor
use), LED equipment installed in air handling spaces or in other environmental air spaces (plenums), LED
equipment intended for Emergency Lighting and Power Equipment, LED equipment with integral batteries
(and battery packs), and LED equipment used in fire rated installations. LED equipment with such end-

applications is subject to additional evaluation per applicable standards.

2 General

21 Compo

2.1.1 Excep

with the requ
standards co

2.1.2 A com

hents

t as indicated in this clause, a component of a product covered by this:standard
irements for that component. See the Standards for Components appendix
ering components generally used in the products covered by this standard.

ponent is not required to comply with a specific requirementthat:

shall comply
for a list of

a) Invplves a feature or characteristic not required in the )application of the component in the
produ¢t covered by this standard, or
b) Is spperseded by a requirement in this standard,
2.1.3 A conjponent shall be used in accordance with its rating established for the intended [conditions of
use.

2.1.4 Specific components are incomplete” in construction features or restricted in

performance

capabilities. Buch components are intended for use only under limited conditions, such as certain
temperatures|not exceeding specified(limits, and shall be used only under those specific condjtions.

2.2 Units of measurement

2.2.1 Except for conducter size, values stated without parentheses are the requirement. Values in
parentheses @re explanatory or approximate information.

2.2.2 All values of voltage and current are true root mean square (rms) values unleps otherwise
indicated.

2.2.3 For customary purposes wire sizes are in American Wire Gauge (AWG).

2.3 Reference publications

2.3.1

be interpreted as referring to the latest edition of that code or standard.

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

3 Definitions
3.1 For the purpose of these requirements, the following definitions apply.

3.2 BARRIER - A part of the unit intended to physically limit access to parts that pose a risk of electric
shock.
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3.2.1 BUILT-IN PRODUCT — A component or subassembly that is intended for installation within an
enclosure. See 3.4.1.

3.3 CIRCUIT, CLASS 2 — A circuit supplied by an isolating source that complies with the requirements of
the Standard for Class 2 Power Units, UL 1310, or the Class 2 requirements of the Standard for Low
Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

3.4 CIRCUIT, ISOLATED LOW VOLTAGE LIMITED ENERGY (LVLE) — A circuit supplied by an isolating
source (i.e. no direct electrical connection between input and output, such as provided by a transformer or

optical isolator), and with output parameters as noted in 8.16.1.

Note — Through
circuits. Howey,
(Luminaires) do

3.4.0 DIRE
connection tq

3.4.1 ENCI
represent a
enclosure), g

3.5 ENCLG
voltage level

3.6 ENCLQ
per 3.25.

3.6.1 ENCI
connection t
drivers and 1
driver output

er, end-product lighting standards may have additional provisions for LVLE circuits. For cex
ps not provide for a risk of fire exemption when the LVLE circuit is not contained within the luminaire’

CT PLUG-IN LED DRIVER - A unit which employs a blade assembly, on the
the branch circuit. Output supply is typically provided via a cable terminating in

risk of electric shock (electrical enclosure), contain anyxfire initiated within
nd prevent mechanical damage to internal parts.

SURE, ELECTRICAL — A part of the equipment.intended to limit access to part
5 that represent a risk of electric shock per 3.24.

SURE, FIRE - A part of the equipment that'encloses circuits that are considere

OSURES INTENDED FOR CONDUIT CONNECTION — An enclosure wi
b branch circuit via conduit. In this standard this type of enclosure is utilized fo
or LED drivers that are seCured to an exterior surface of a luminaire enclos
may also be connected via conduit. When installed as intended, unused cond

and other openings are covered, so. the electrical and fire enclosure requirements of the

fulfilled.

3.7 ENVIR

a) DR
subje
ventil

DNMENTAL LOCATIONS

Y LOCATION — A location not normally subject to dampness, but may inclu
Ct tostemporary dampness, as in the case of a building under construct
ptionnis adequate to prevent an accumulation of moisture.

k as with Class 2
hmple, UL 1598

enclosure for
A connector.

OSURE - A housing of a unit that is intended to prevent contact with uninsulated parts that

the unit (fire

5 operating at

d a risk of fire

th facility for
r remote LED
ire. The LED
uit knockouts
standard are

de a location
on, provided

b) DAMP LOCATION — An exterior or interior location that is normally or periodically subject to
condensation of moisture in, on, or adjacent to, electrical equipment, and includes partially
protected locations.

c) WET LOCATION — A location in which water can drip, splash, or flow on or against electrical

equip

3.71

ment.

FEEDTHROUGH CIRCUIT — Circuitry integral to LED equipment designed to pass its input power

source to other utilization equipment- often another LED equipment of the same design- from the same
source of supply without conditioning. In this standard feedthrough circuits are treated as output circuits
with the same supply characteristics as the input supply.

3.7.2 FEEDTHROUGH RECEPTACLE - A feedthrough circuit in through cord LED drivers terminating in
an integral receptacle, where the receptacle may be suitable for 1) a NEMA plug, 2) a mating connector, or
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3) an appliance coupler. For through-cord LED drivers, the feedthrough may be provided in a length of
supply cord terminating in the receptacle.

3.7.3 INSTRUCTION SHEET — A generic term for information that is provided with the product in printed
form (e.g. an insert, or a booklet). Required product markings may be provided in an instruction sheet,
where so permitted by this standard. The manufacturer may include other materials — unrelated to the
marking requirements of this standard — in the instruction sheet. Also see 9.2A.

3.8

insulation and penetrates between the conductor strands.

W alln Vel

INSULATION-PIERCING TERMINAL — A terminal having a contact pin that punctures the conductor

3.9 ISOLAT;
referenced su

3.10 LED (I
optical radiati

3.11 LEDA
on a printed
interfaces.

3.12 LED (
characteristic
luminaire op
transmitted th

3.13 LED O
complexity frg
Control Gear.

3.13.1 LED
etc.) that are
Lighting syst
remotely loca
supply or they

Note: The scope
LED equipment {

3.14 LED P

A H ik N 1 ' HH ' 1 'H 4
U OUNMNOUUTT = A LITUUTL WILTT UTTTY TTTIaylIc e, Lapaullive, Ul upuialr CUTITITULUTT' T

pply source. A low voltage circuit derived by a dropping resistor is not isolated.

LIGHT EMITTING DIODE) — A solid-state component embodying a~p-A’ junc
bn when excited by an electric current.

RRAY (LED MODULE) — An assembly of one or more LED disgrete electronic
circuit board, typically with optics and additional thermal, mechanical, &

ONTROLLER — A device or electronic circuitry{that is designed to contro
5, control/manage electrical supply to one or\more luminaires, or sense
brational performance and building environmental data. Control may be
rough wired circuits (see Supplement SF).ervia wireless signals.

RIVER — A power source that adjusts the voltage or current to LED load
m a resistor to a constant voltage or constant current power supply. Also referre

LIGHTING SYSTEM — A network of LED lighting elements (luminaires, contro
nterconnected (through wired and wireless signaling) to manage operation of th

em elements may<be physically integrated together into one assembly or f{
ted from each othér. Lighting system elements may be powered from a sing
may be separately supplied.

of this standard does not cover LED lighting systems. The definition provides clarity about potentia
hat are in'seope of this standard, see 1.1, as part of the system.

ACKAGE — An assembly of one or more LED die that contains wire bond con

any ground-

ion, emitting

components
nd electrical

light output
and  transmit
via signals

5, ranging in
d to as Lamp

llers, drivers,
e equipment.
hey may be
le source of

applications for

hections and

may include an optical element and thermal, mechanical, and electrical interfaces. The package does not
include a power source and is not connected directly to the branch circuit.

3.15 MEASUREMENT INDICATION UNIT (MIU) — The rms equivalent value of a 60 Hz sinusoidal
leakage current in milliamps (mA), adjusted to compensate as necessary for leakage currents composed
of complex waveforms or frequencies other than 50 or 60 Hz. It is determined by dividing the output
voltage (V3) in millivolts (mV) rms by 500 (the value in ohms of the resistance in parallel with V2) in the
measurement instrument circuit in Figure 8.6.

3.16 PART, DEAD CONDUCTIVE — A conductive part that, under normal operating conditions, carries no
electrical current other than leakage current.

3.17 PART, HAZARDOUS LIVE — A part located in a circuit that is operating in excess of the risk of
electric shock or risk of fire limits.
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3.18 PART, LIVE — A conductive part that has an electrical difference of potential with respect to earth
ground or any other conductive part. A part connected to a grounded supply (neutral) conductor is
considered to be a live part.

3.19 PLC (PERFORMANCE LEVEL CHARACTERISTIC) VALUE — An integer that defines a range of
test values for a given electrical/mechanical property test for polymeric (plastic) materials as defined in the

Standard for

3.19.1

Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

POTTING - A process of filling the case of an electrical/ electronic assembly with material that

may provide electrical insulation, environmental protection, heat transfer, vibration reduction, etc.

3.19.2 POTHNG-COMPOUND

assembly.

a) AS

an elgctronic assembly case and allowed to cool into a semi-solid. These ‘\materials

made
etc.).

b) PQ
liquid
therm

3.20
70.

POWH

| 321 Powd

PHALT POTTING COMPOUND - Bituminous materials that are heated|to flov

from refined petroleum-based products mixed-in with inorganic materials (e.g.

LYMERIC POTTING COMPOUND - Plastics based materials that are typic3

osetting or thermoplastic.

ER LIMITED CIRCUIT — See Section 725 of the-National Electrical Code (NEC

FR SOURCE, CLASS 2 — A power supply or transformer that complies with the

Aephglf oL Dr\l\]/mnrlr\ materials—used-tofill an-electrical/ electronic

v, poured into
are generally
quartz, sand,

Ily poured, in

form, into an electronic assembly case and cured/ hardened in-place. These mgterials can be

, ANSI/NFPA

requirements

of the Standard for Class 2 Power Units, UL 131Q{r the Standard for Low Voltage Transformers — Part 3:

Class 2 and

3.22 POWH
transformer &

3.23 POWE
output currer

3.24 RISK
between a cq
the leakage
open circuit

Class 3 Transformers, UL 5085-3 réspectively.

FR SOURCE, ISOLATED LOW VOLTAGE LIMITED ENERGY (LVLE) — A po
s defined by 3.4.

FR SOURCE — An-electronic device, assembled from components that collectiy
t, voltage, or pewer within its design limits.

DF ELECTRIC SHOCK — A risk of electric shock exists between any two condt
nductive part and earth ground if the continuous current flow between the two p

ver supply or

ely control its

ctive parts or
bints exceeds

current limits determined by the Leakage Current Measurement Test, Section .9, and if the

oltage exceeds the following limits:

Maximum Voltage

Waveform Type® Dry and Damp Locations Wet Locations
Sinusoidal ac 30Vrms 15V rms

Non-sinusoidal ac 42.4 'V peak 21.2 'V peak

dc®° 60V 30V

@ The voltage limits for a composite AC + DC waveform (V peak) shall be per Figure 3.1 based on the Direct Voltage
component (V DC) of the waveform. The graph line for locations where wet contact is not likely to occur refers to Dry
and Damp locations. The graph line for locations where wet contact is likely to occur refers to wet locations.

® If the peak-to-
considered a composite waveform per footnote a above.

peak ripple voltage on a dc waveform exceeds 10 percent of the dc voltage, the waveform shall be

¢ DC waveforms interrupted at frequencies between 10 — 200 Hz shall be limited to 24.8 V in dry and damp locations,
and 12.4 V in wet locations.
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Composite Volts (AC + DC), volts peak

Figure 3.1

Maximum voltage

I
I
I
I
I
I
/ For locations where Ivet I
42.4 , contact is not fikely |
40+ | to occur - |
| AC + DC ~"42.4 |
| 05 DC < 20.9 |
I
: ACY+ DC = 33 + 045 DC |
30+ 20.9 < DC g 60 |
I
For locations where et I
contact is likely to gccur — |
21.2 | |
20T | AC + DC = 21.2 |
| 0 <DC < 10.4 |
I
: AC + DC = 16.5 + (0.45 DC|
| 10.4 <DC 4 30 |

10
| I
| I
| I
| I
0 . . | : : I
10 20 30 40 50 60

10.4 20.9

S3253A

Direct Voltage Component (DC), Volts
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3.25 RISK

OF FIRE — Arrisk of fire exists in all electrical circuits except:

a) A Class 2 circuit,

b) An

LVLE circuit, or

c) A circuit of 15 W maximum power limit under normal and single fault conditions, as measured in
accordance with 8.8.

3.26 SECONDARY OPTIC — An optically transparent or translucent structure that is mechanically
separate from the one or more LED packages it encloses. A secondary optic is generally intended to

enhance pe
spectrum. In
environment

3.27 Deletd

3.27.1 THR

connection t¢ the branch circuit. Output supply is typically provided via @ cable terminating ir

Through corq

3.28 UNIT
3.29 UNIT,
3.30 UNIT,
supply cord f

3.31  UNIT,
space, and is

ormance by difecting iight paths andror througih the use of phosphors thats
some cases, a secondary optic can serve as a fire enclosure, an electrical
bl barrier, and/or a UV emissions filter.

d

OUGH CORD LED DRIVERS - A unit which employs_a.cord and plug

LED drivers are not considered built-in products.
- A generic term meaning any discrete device, subassembly, or assembly.
FIXED — A unit intended to be permanently connected electrically to the wiring s

PORTABLE — A unit that is easily carried or conveyed by hand, and is provided
br connection to the supply circuit.

STATIONARY — A unit that is intended to be fastened in place or located ir
provided with a power-supply cord for connection to the supply circuit.

4 Powers

41 A pow
the requirem

pplies, LED Drivers, and Transformers

r supply or LED driver shall comply with the requirements of this standard. Co
nts of one.or\more of the following standards shall be considered to meet the

ift the optical
enclosure, an

assembly for
a connector.

ystem.

with a power-

a dedicated

mpliance with
intent of any

UL 60950-1,

c¢) The Standard for Power Units Other Than Class 2, UL 1012,

d) The Standard for Fluorescent-Lamp Ballasts, UL 935, or

equirements,

e) The Standard for Audio/Video, Information and Communication Technology Equipment — Part 1,
UL 62368-1.

4.2 A transformer for use with LED units that complies with any one of the following standards is
considered to meet the intent of the requirements of this standard:

a) The Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, and
the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-

3,
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b) The Standard for Transformers and Motor Transformers for Use in Audio-, Radio- and
Television-Type Appliances, UL 1411,

c) The Standard for Low Voltage Transformers — Part 2: General Purpose Transformers, UL 5085-

2,0r

d) The Standard for Dry-Type General Purpose and Power Transformers, UL 1561.

4.3 A power supply, LED driver, or transformer shall be used within its rated input, output, and
environmental ratings.

CONSTRUCTION

5 Environnm

51 A uniti

information sdich as markings, instructions, or illustrations that implies or depicts’damp or wet

5.2 Aunitin

a) Suk
board

b) If
Stand

precomditioning temperature of 0 £2.0°C (32 +3.6°F), and

c) Elig
such 3

Exception: A
present a risk

5.3 Aunitin
a) Be
wiring

b) If p
of the
a prec

ental Considerations

htended for dry locations only shall be so identified and shall not\be proviq

tended for damp locations shall be:

jected to the environmental tests of 8.14 unless all live’parts and traces on the
are potted (see 6.7) or conformal coated (see 7.7.6);

brovided with a polymeric enclosure, comply with the Resistance to Impac
ard for Polymeric Materials — Use in Electrical”’Equipment Evaluations, UL 71

ible to be marked as suitable for damp:locations, and not be provided with an
s markings, instructions, or illustrations that implies or depicts wet use.

circuit operating at Class 2 orLVLE power levels in which voltage levels are bel
of electric shock per 3.24:1s8\not required to be subjected to parts (a) and (b) abd

tended for use in wet'locations shall:

subjected to the environmental tests of 8.14 unless all live parts and traces o
board are potted (see 6.7) or conformal coated (see 7.7.6),

ovided ‘with a polymeric enclosure, comply with the UV Light Exposure and Col
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
onditioning temperature of minus 35.0 £2.0°C (minus 31.0 £3.6°F), and

ed with any
use.

brinted wiring

t test of the
16C, using a

y information

bw those that
ve.

n the printed

i Impact Test
746C, using

c) Be eligible to be marked as suitable for wet locations.

Exception: A circuit operating at Class 2 or LVLE power levels in which voltage levels are below those that
present a risk of electric shock per 3.24 is not required to be subjected to parts (a) and (b) above.

6 Mechanical Construction

6.1

6.1.1

General

A unit intended to be used in an application identified by one of the standards specified in 1.3 shall

comply with the mechanical construction requirements of that standard. If an end-use application is not
specified or identified, or if a particular construction feature is not covered by the identified standard, the
unit shall comply with the mechanical construction requirements of this section.
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6.1.2 Deleted

6.1.3 Circuits that represent a risk of electric shock or risk of fire shall be provided with an electrical or fire
enclosure that complies with 6.2 or 6.3.

6.1.4 An electrical or fire enclosure secured in place by adhesive shall comply with the Adhesive Support
Test of 8.13. Fusion techniques, such as solvent cementing, ultrasonic welding, electromagnetic induction,
and thermal welding are permitted without test.

6.1.5 In addition to complying with the construction requirements specified in this standard, a direct plug-
in unit shall comply with the Mechanical Assembly, Input Connections, and Accessibility of Live Parts

requirements

6.1.6 In ad
controller thg
mounting) sh
Controls, UL

a) Me
b) Cu
c) Sw

d) Flu

epnr\ifind inthe Standard for Class 2 Paower | |nife, UL 1310

dition to complying with the construction requirements specified in this\stan
t is intended to be installed in a wall-box (or provided with an enclosure.for fl{
all comply with the following requirements in the Standard for SafetyAfor Solid-S
1472 as applicable:

ans for mounting,
Frent-carrying parts,
tches,

sh-device cover plates, and

e) Todich dimmers.

Note: This requ
Dimming Contrg

6.1.7 Wher
LED controll
Batteries of L

Exception: T
user replace

6.2 Metal g

6.2.1 Thet

rement applies to LED controllers that are net“covered within the scope of the Standard for Safe|
Is, UL 1472. See 1.1.3(b).

br, the design shall comply*with the Standard for Products Incorporating Butto
ithium Technologies, UL 4200A.

hble and is not.referenced in the product markings or instructions sheet.

arts

pickness of a metal enclosure shall be in accordance with Table 6.1.

e LED equipment includes.coin cell lithium batteries, such as a wireless remotI

dard, a LED
sh or surface
tate Dimming

y for Solid-State

control for a
or Coin Cell

his requirement’is-hot applicable to LED equipment where the battery is not iptended to be

Exception: A part of an enclosure that complies with the mechanical strength tests for metal enclosures of
8.15 need not comply with the thickness specified in Table 6.1.


https://ulnorm.com/api/?name=UL 8750 2022.pdf

16

UL 8750 DEC

EMBER 7, 2022

Table 6.1
Minimum thickness of metal enclosures

At small, flat, unreinforced
surfaces and at surfaces of a At surfaces to which a At relatively large
shape or size to provide adequate | wiring system is to be unreinforced flat
mechanical strength connected in the field surfaces
Metal mm (in) mm (in) mm (in)
Die-cast 1.2 (3/64) - - 2.0 (5/64)
Cast malleable iron 1.6 (1/16) - - 2.4 (3/32)
Other cast metal 24 (3/32) - - 3.2 (1/8)
Uncoated sheet-steel 0.66 (0.025) 0.81 (0.032) 0.66 (0.026)
Galvanized sheet steel 0.74 (0.029) 0.86 (0.034) 074 (0.029)
Nonferrous shet metal other 0.91 (0.036) 1.14 (0.045) 0.91 (0.036)
than copper
6.2.2 All ferrous metal parts, including hinges, bolts, and fasteners, exposéd after assembly shall be
protected agTinst corrosion by painting, coating, or plating, except for edges, punched holes, and spot
welds in prefinished steel, enclosed steel pipe, and hanger location$: for painting or plating. Copper,

aluminum, all
to atmospher

bys of copper and aluminum, stainless steel, and similar materials having inherg
c corrosion are not required to have additional corrosion protection.

bctive coating need not be applied to steel enclosure parts when:
interior of an enclosure is completely filled with potting compound,
metal surfaces are tightly clamped together, or

bre not practical due to bearings;sliding surfaces of a hinge or shaft, hinge ping

6.2.3 Aprot
a) The
b) Flaf
c) Wh
parts.
6.3 Polym
6.3.1
compliance
mechanical

Standard for

than the temperature’measured during the Temperature Test, Section 8.3.

6.3.2 A polymeric material used as an electrical or fire enclosure shall comply with the minir

A polyjmeric material fof which mechanical, electrical, or thermal characteristics are re

ic materials

ith the requiremeénts of this standard shall have an electrical, mechanical wit

nt resistance

5, and similar

lied upon for
n impact and

ith strength-relative thermal index (RTI), or a generic thermal index as spgcified in the

olymeri¢dVaterials — Long Term Property Evaluations, UL 746B, that is equal

to or greater

hum material

characteristic

requirements identified in Table 6.2.

Table 6.2
Polymeric enclosure requirements

Performa

Impact®

Flammability

UV Resistance®

Function
nce characteristic?® Electrical enclosure Fire enclosure
X X
X X
Xd,e,f

Table 6.2 Continued on Next Page
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Table 6.2 Continued

Performance characteristic?

Function
Electrical enclosure

Fire enclosure

Mold Stress

Comparative Tracking Index (CTI)
Hot Wire Ignition (HWI)
High Ampere Arc (HAI)

X X

PLC of 39
PLC of 29

Performance Level Category (PLC) of 49

@ These characteristics are as specified in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
746C. Polymeric parts with deficient minimum performance characteristics can be evaluated per applicable end-product

requirements in UL 746C.

6.8 J (5 ft-Ib)
or wet location

¢ For wet locat
4 V2 for portab
€ 5VA for fixed

f Direct plug-in
considered a s

9 Not required

fixed units, the impact test is to be:conducted after cold cor;diiioning in accordance with UL 746C
on units.

e units and track lighting luminaires.

or stationary units. See 6.3.4 and 6.3.6 for additional options for secondary optics.

units are evaluated as portable units. A through cord unit with screw holes or othé’means for fasten
ationary unit. A through cord unit with keyholes only is considered a portable unit.

when all live parts are > 0.8 mm (0.030 in) from the material.

its. For damp

ng in-place is

6.3.3 A cor
like shall co
Materials — U
peeling of th
parts that mg

6.3.4 With

material havi
of fire and th
the requirem
(see Supplern

6.3.5 The l¢ns of an LED package which is intended to form a part of the fire enclosure sha

the applicabl

6.3.6 With

live parts ar¢ insulated*or spaced more than 0.8 mm (0.030 in) from the secondary optic

minimum VO

ductive coating applied to a surface such as the inside)surface of a cover, encld
mply with the appropriate requirements for metallized parts in the Standard

se in Electrical Equipment Evaluations, UL 746C, unless it can be determined

e coating does not result in a reduction of spacing of electrical parts or the b
y result in a risk of fire or electric shock.

respect to footnote (e) of Table 6.2{if a fire barrier consisting of metal or o
ng a minimum flammability rating 0f*5VA is positioned between a circuit that rep
b secondary optic, the secondary-optic need only be evaluated as an electrical
ents in Table 6.2. LED packages that comply with the applicable requirements of
nent SD) as suitable to form'a part of an enclosure need not be covered by the fi

b requirements for.LED packages in Supplement SD.

espect tofoothote (e) of Table 6.2, a secondary optic that serves as a fire enclo

ratings

6.3A Metal

6.3A.1

sure, and the
for Polymeric
that flaking or
ridging of live

f a polymeric
resents a risk
enclosure per
this standard
re barrier.

Il comply with

sure where all
shall have a

Enclosures intended for conduitconmectom

requirements in Table 6.3.

Unthreaded openings for conduit and the area surrounding the opening shall comply with the
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Table 6.3

Dimensions of unthreaded opening for conduit and diameter of the area surrounding the opening

On interior of component, minimum
Nominal trade size of unobstructed diameter of flat surface
conduit Unthreaded opening diameter?® surrounding conduit opening
in mm (in) mm (in)
1/2 222 (0.875) 28.09 (1.11)
3/4 28.2 (1.109) 34.04 (1.34)
1 349 (1.375) 42.85 (1.69)
1-1/4 44.0 (1.734) 55.07 (7.10)

@ A plus toleran
diameters are t

Ce of 0.81 mm (0.032 in) and a minus tolerance of 0.38 mm (0.015 in) applies to the knockout diame
be measured other than at points where a tab attaches the knockout.

er. Knockout

6.3A.2 A threaded opening for conduit shall comply with Table 6.4. When tapped alhthe way

opening shal
diameter of fl
through, the ¢

have at least 3.5 but no more than 5 threads and comply with_the ‘minimum
at surface in Table 6.3 to accommodate the conduit bushing. When not tappe
pening shall have at least 5 threads.

through, the
unobstructed
d all the way

Table 6.4
Throat diameters for conduit openings

Nominal trad€| size of conduit Minimum throat diameter Maximum throat diafeter

n mm (in) mm (in)
112 13.4 (0.528) 15.8 (0.622)
34 17.7 (0.697) 20.8 (0.819)
1 22.4 (0.882) 26.7 (1.051)
111/4 29.7 (1.169) 35.1 (1.382)

6.3A.3 A unjt provided with a means of conduit connection shall be shipped with provision tg close all but

one of the copduit openings.

6.3A.4 Con
enclosure fla

uit closure_plugs shall be suitable for the purpose with respect to enviro
mability Criteria.

6.3A.5 Con

uit.and other knockouts or twistouts shall be secured in place so they can

hmental and

be removed

without distofting the enclosure but remain in place during normal handling, as deternpined by the

Knockout Secureness Test, Section 8.17.

6.3A.6 Unless provided with a reliably separated wiring compartment, an opening provided for the
purpose of making field connections to a branch circuit supply, shall be located greater than 152 mm (6 in)
from the following:

a) Uninsulated live parts,

b) Low voltage circuitry,

c) Heat producing components,

d) Moving parts, and

e) Any electrical or mechanical component not specifically identified above that could result in an

increa

sed risk of fire or risk of shock.
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6.3A.7 The area adjacent to an opening where branch circuit supply connections are to be made in the
field and which has components located within 152 mm (6 in) of the opening shall be enclosed within a
wiring compartment having a volume of at least 98 cm?® (6 in®) or as required by 6.3A.10, whichever is
larger.

6.3A.8 A field-wiring compartment intended for connection of a wiring system shall be attached to the
unit in a manner that will prevent it from turning.

6.3A.9 An outlet box, terminal box, wiring compartment, or the like in which connections to the unit will be
made in the field shall be free from any sharp edge, including screw threads, a burr, a fin, a moving part, or
the like, that may abrade the insulation on conductors or otherwise damage the wiring.

6.3A.10 The minimum volume of an integral field-wiring compartment for branch circuit.conpections shall
be determingd using Table 6.5. All conductors entering or leaving the compartment shalhbe included in the
calculation; yninsulated grounding or bonding conductors integral to the unit are not to be included. Field
wiring shall gssume size 12 AWG (3.31 mm?) conductors unless the ampacity of-the unit requires larger
conductors. A terminal block/push-in terminal that accepts small gauge wires (eg., 18 AWG) requires use
of wires [up fo 152 mm (6 in)] to transition to branch circuit wiring (e.g., 12 AWG). These yires shall be
included in the volume calculations.

Table 6.5
Determination of minimum wiring compartment volume
Conductor size Volume per conductor
AWG cm? (in%)
18 8.2 (0.5)
16 9.8 (0.6)
14 12.3 (0.75)
12 16.4 (1.0)
10 27.9 (1.7)

6.3A.11  An|enclosure intended,for pulling conductors shall be tested for rigidity as described in 8.19.

6.3A.12 An| enclosure ¢hat is assembled using snap-in or tab-mounted parts without us¢ of fastening
methods such as screws; rivets, or welds shall be tested in accordance with 8.20.

6.4 Enclosrjre openings

6.4.1 Other than for supply connections, open holes shall not be permitted in any surface of a fire or
electrical enclosures of LED equipment intended for conduit connection and LED equipment intended for
installation in a concealed space.

Exception No. 1: Open holes are permitted in an enclosure intended for installation on or over an outlet
box when the outlet box will serve to complete the enclosure of the equipment under test.

Exception No. 2: Open holes are permitted in an enclosure intended for installation to an exterior surface
of a luminaire where the luminaire will serve to complete the enclosure of the equipment under test.

Exception No. 3: A maximum of four open holes are permitted on the inside mounting surface of an
| enclosure intended for conduit connection. The maximum area of each hole shall be 26 mm? (0.040 in?).
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6.4.1.1

Direct plug-in or through-cord units may have openings, if circuits posing a risk of shock cannot

be contacted due to the test instruments noted below being inserted through the openings applying a force
not exceeding 4.45 N (1 Ibf).

a) Test pin illustrated in Figure 6.1, and

b) Articulate probe illustrated in Figure 7.1.

6.4.2 Open
the accessibi
or baffled.

6.5 Condud

6.5.1 Condy
the edges or

protection shall be provided by one of the following methods:

a) Rol

Figure 6.1
Test pin
— la— 4
—— 20— "151-81
[ ] +0
| 1— $-0.05
| )
25 10 - — - —3
+0.2 | }
+0 —
420.05
S2962 Dimensions in millimeters

holes are permitted for LED equipment types not described in 6.4.1 and 6.4.1

1, subject to

ity criteria described in 7.2. Lineof sight to open core and coil components shal

tor protection

ctors that pas$ qver edges or through openings in metal shall be secured fro
be protected'\from cutting and abrasion. For sheet metal less than 1.1 mm (0.

ing the"edge of the metal not less than 120 degrees,

be louvered

m contacting
D42 in) thick,

b)Ab

ichina orarommet of amaterialotherthan rithhar at laget 1 2 mm (0 047 in) thic
SSHHRg-e-grommereiaateHar-omer—hah eSS ooa—HtHHE

oo T

c) Glass sleeving at least 0.25 mm (0.010 in) thick.

6.6 Strain relief

6.6.1

<, or

A strain relief and cord pushback device or positive mechanical means shall be provided to

facilitate compliance with the test requirements of 8.10. This requirement applies when a supply cord or
field wiring lead wire operates above the limits for risk of fire or electric shock, and its displacement could

result in:

a) Subjecting the supply cord or field wiring lead to mechanical damage,

b) Exposing the supply cord or field wiring lead to a temperature higher than that for which it is

rated,
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c) Reducing spacing (such as to a metal strain-relief clamp) below the minimum required values, or

d) Damage to internal connections or components.

Exception: A supply cord or field wiring lead wire embedded in a potting compound inside the enclosure at
the supply cord or lead wire entrance is considered to provide the necessary positive mechanical means.

6.7 Polymeric potting compound

6.7.1
conducted in

accordance with this standard.

Polymeric potting compound shall not leak, drip, or be released from a unit during any test

6.7.1.1 In 4
of potting cq
specific app
potting comy
application.

6.7.2 Durin
Thermal Inde

Exception N¢

Exception N
doesn't exce

given design — the type of polymeric potting compound, the potting process’ ar
cation. When inorganic materials (e.g. quartz, sand, etc.) are mixed in with
ound, additional consideration is necessary to confirm acceptability;based o
j the Temperature Test of 8.3, a polymeric potting compound shall not excee
x (RTI).

. 1: Thermosetting materials are exempt from this requirement.

D. 2: Thermoplastic materials may be used if.the maximum potting compound
bd 90°C (194°F).

Exception N¢. 3: Thermoplastic materials may be-used if the maximum potting compound t

at least 15°(
Methods for
Apparatus, A

Exception N
at least 25°(
Methods for

(27°F) less than the softening point of the compound as determined by the §
Softening Point of Resins Derived from Pine Chemicals and Hydrocarbons, by
STM E28.

. 4: Thermoplastic materials may be used if the maximum potting compound t
(77°F) less than the\softening point of the compound as determined by the §
Vicat Softening Téemperature of Plastics, ASTM D1525.

d the volume

mpound (case fill percentage) are considerations to confirm acceptability bhased on the

a polymeric
N the specific

d its Relative

| temperature

bmperature is
btandard Test
Ring-and-Ball

bmperature is
btandard Test

6.7.3 Polymeric pottingicompound that can touch any part of the insulation system of a trapsformer shall

be tested in

accordance with Supplement SA — Substitutions or Modification to an Electr

System in th¢ Standard for Systems of Insulating Materials — General, UL 1446.

cal Insulation

Exception N

b_1- This test does not :appl_\,/ if the transformer is not used for the miﬁgnﬁnn

of the risk of

electric shock or is not used to separate Class 2 circuits or LVLE circuits from hazardous circuits.

Exception No. 2: This test does not apply if the transformer insulation system already includes the potting.

Exception No. 3: This test does not apply if the insulation system is used up to the temperature permitted
for class 105 (A) according to Table 8.1 of this standard.

Exception No. 4: This test does not apply for thermosetting potting compounds where the insulation
system of a transformer utilizes a thermoset varnish which completely encloses the coil windings-
preventing the potting compound from making contact with the winding wire insulation.
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6.8 Asphalt potting compound

6.8.1 Asphalt potting compound shall not leak, drip, or be released from a unit during any test conducted
in accordance with this standard.

6.8.2 The volume of asphalt potting compound (case fill percentage) is a consideration to confirm
acceptability based on the specific application.

6.8.3 During the Temperature Test of 8.3, asphalt potting compound shall remain at least 15°C (27°F)
below its softening point as determined by the Standard Test Method for Softening Point of Bitumen (Ring-

and-Ball Apparatus), ASTM D36/D36M.

7 Electrica

7.1 Genera

7.1.1 Aunit
comply with

specified or identified, or if a particular construction feature is not covered-by the identified

unit shall com

7.1.2 A curent-carrying part shall be gold, silver, copper, a copper alloy, plated iron or st

steel, or othe
Exception: Tr;

7.1.3 Anun
results in are|

7.1.4 Frictio
but a lock wa

7.2 Access
721 Alive

is inaccessib
shown in Figy

Construction

intended to be used in an application identified by one of the stahdards specifig
he electrical construction requirements of that standard. If<an- end-use appl

ply with the electrical construction requirements of this section.

corrosion-resistant alloys acceptable for the application.
hce conductors and wire bonds on a printed\wiring board are permitted to be of &

nsulated live part shall be secured:sasthat it does not turn or shift in position if
duction of spacings below the minimum acceptable values.

n between surfaces is not-acceptable as a means to prevent shifting or turning
bher is acceptable.

bility

part that is a risk of electric shock shall be located or guarded by an enclosure g
e to contact; by persons while using the product as intended, using the art
re 7.1, applying a force not exceeding 4.45 N (1 Ibf).

d in 1.3 shall
cation is not
standard, the

bel, stainless

luminum.

such motion

of a live part

r barrier so it
culate probe
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Figure 7.1

Articulate probe with web stop
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7.2.1.1

A live part that is a risk of electric shock shall be located or guarded by an enclosure or barrier, to

reduce the likelihood of unintentional contact with such part by persons during product installation or
servicing that is not likely to be performed by qualified personnel. Direct plug-in and cord-connected units
are not likely to be installed or serviced by qualified personnel.

7.2.2 A part that can be removed without using a tool is to be removed when determining accessibility to

the probe.

7.2.3 An insulating barrier used to prevent access to live parts shall not be less than 0.71 mm (0.028 in)
thick.

7.2.4 An insulating-barrier used-in-coniunctionwith-not-less-than-half-the rnqllirnrl err\ar\inn hrough air is

permitted to 4
or liner is of in

a) Reg

b) Of
dama

be.

e less than 0.71 mm (0.028 in) thick, but not less than 0.33 mm (0.013 in) thick
sulating material that is:

istant to moisture,

cceptable mechanical strength if exposed or otherwise likely to be subjected t

if the barrier

b mechanical

c¢) Relfably held in place, and
d) Logated so that it is not adversely affected by operationof.the device — particularly grcing.
7.2.5 An ingulating barrier in the secondary circuit where the'potential is not more than 50 \ is permitted
to be less thah 0.71 mm (0.028 in) thick but not less than.Q:25 mm (0.010 in) thick if it is:
a) Registant to moisture,
b) Of ;cceptable mechanical strength jf.exposed or otherwise likely to be subjected t mechanical
damage, and
c) Reljably held in place.
7.2.6 An ingulating barrier is permitted to have a thickness less than 0.71 mm (0.028 in) thick if

separately evialuated as an ipternal barrier in accordance with the Standard for Polymeric Mdterials — Use
in Electrical Equipment Evaluations, UL 746C, and found to have insulating characteristics pquivalent to
0.71 mm (0.0R8 in) thickulcanized fiber.

7.2A Grounding-and bonding

7.2A1 Generat

7.2A.1.1 Metal enclosures intended for conduit connection shall be bonded to ground and shall comply

with the bonding circuit impedance test of 8.21.

7.2A.1.2 When LED equipment is provided with a grounding connection means, it shall be conductively
bonded to a ground termination point in the product. The ground termination point may be a metal
enclosure, an internal non-current-carrying metal part or a metallized polymeric part.

Note: Based on other requirements (construction and performance) in this standard, certain LED equipment designs are acceptable
without a grounding connection means (e.g. metal enclosures that are reliably isolated from live parts).

7.2A.1.3 When LED equipment include a grounding connection feed through at the output, the feed
through circuit shall be subject to the requirements in 7.2A.1.4 and 7.2A.2 as applicable.
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7.2A.1.4 The ground path from the grounding connection to its ground termination point in the product
shall comply with the bonding circuit impedance test of 8.21. PWB traces may form part of the ground path
subject to acceptable results according to this test.

7.2A.2 Grounding

7.2A.2.1 The grounding connection means shall be in the same location as the power supply connection
means and shall be a pigtail lead grounding conductor, a pressure terminal connector, a wire binding
screw, or the equivalent.

7.2A.2.2 The ground termination point in the product shall not be located on a removable part of the
product’ unless—the—removal of the pgrf does- not infnrrllpf the hr\nrﬁng r\nnfinllify A grou d termination

point in the product that is potted is not considered removable.

7.2A.2.3 A pgrounding conductor shall not be smaller than the gauge of wire used for the lurinaire supply
conductors and in no case less than 18 AWG (0.82 mm?).

7.2A.2.4 Apcrew provided for grounding shall:
a) Not be used for any other purpose,
b) Be|limited to conductors of size 10 AWG (5.26 mm?) or.§maller,
c) Comply with Table 7.0,

d) Halve a cupped washer or similar provision, or.tHe area around the screw shall be [provided with
two raised areas in accordance with Figure 7.1.%,

e) Hgve a green-colored head, or the_area directly adjacent to the screw shall be marked in
accordance with 7.4.2.3.3,

f) Be & machine or thread-forming.screw, and

g) Be|capable of withstanding 1.6 N-m (14 Ib-in) of tightening torque. Compliance is determined by
the gound-screw assembly strength test in 8.22.

Table 7.0
Ground screw size
Screw size Wire size (AWG)
M3 5 (N 6) 1814 |
M4 (No. 8) 18 -12
M5 (No. 10) 18-10
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Figure 7.1.1

Terminal-conductor relationship

N\

IMB61A T

A — wirg binding screw

—1

Legend:

B — confuctor

C —terminal plate

D — maximum conductor diameter, but not less than 2 mn'(0.08 in)
E — minjmum height of raised areas = 1 mm (0.047in)

F — the horizontal dimension from the edgerofithe screwhead to the inside edge of the raised area = 0 to 1/4D

G - the horizontal dimension from the center of the raised area to the center of the screwhead = minimum 32 mm (0.125 in)
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7.2A.2.5 A terminal plate intended for use with a wire binding screw shall be of metal and shall provide a
minimum of two full threads engagement with the screw.

7.2A.2.6 A pressure- or screw-type terminal block shall be suitable for the conductors involved, and the
ground termination point in the product shall be marked in accordance with 7.4.2.3.3.

7.2A.2.7 When the path between the grounding connection means and the ground termination point in
the product includes PWB traces, the construction is to be evaluated per the bonding conductor tests in
8.23.

7.2A.3 Bonding

7.2A.3.1 B¢nding refers to connection of non-current-carrying metal parts and metallized polymeric parts
to the ground termination point in the product. Bonding is required if these parts arg accepsible (during
normal use, |nstallation, user maintenance or component replacement) and can involve the [risk of shock.
A bonding means shall consist of one of the following:

a) A gigtail lead bonding conductor of at least 18 AWG (0.82 mm?),
b) A terminal,

c) A welded, soldered, or brazed joint,

d) A qcrew, rivet, or welded stud,

e) A gressure terminal connector,

f) Anjassembly of bolt, nut, and lockwasher or starwasher, or other compressive [fastener that
complies with the bonding circuit impedance’test of 8.21, or

g) An|equivalent conductive path that‘Complies with the bonding circuit impedance test of 8.21.
7.2A.3.2 The bonding of a conductive part that is coated with vitreous enamel, paint, or siilar coatings
can require treatment of the part, such as masking, removal of the coating at points of conrjection, or the

use of fastening means that penetrate the surface coating. If special treatment is required or |f continuity is
not obvious, pcceptability shallbe determined by the bonding circuit impedance test of 8.21.

7.2A.3.3 Abpart shallbeprovided with a 18 AWG (0.82 mm?) or larger stranded bonding corjductor.

7.2A.3.4 Aponding conductor shall be secured by one of the following methods:

a) A machine-serew-anandt;
b) A screw that threads into metal, with at least two full threads engaging,
c¢) Rivets, or

d) Equivalent means as determined by evaluation.

7.2A.3.5 The bonding conductor shall not be smaller than the gauge of wire used for the luminaire supply
conductors and in no case less than 18 AWG (0.82 mm?). PWB traces may form part of the bonding path
subject to acceptable results according to the bonding circuit impedance test of 8.21.
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7.3 Internal wiring
7.3.1 Internal wiring shall consist of insulated conductors having the mechanical strength, dielectric

voltage withstand properties and ampacity for the application.

7.3.2 Each splice and connection shall be mechanically secured, shall provide reliable electrical contact,
and shall be provided with insulation at least equivalent to that of the voltage involved unless acceptable
permanent spacing is maintained between the splice and all other uninsulated current-carrying parts at
different potentials and non-current-carrying metal parts.

7.3.3 The electrical and mechanical connection between a conductor and any circuitry operating above

the limits for risk—of-fire—or-electric-shock-shall- be-contained-within-an-enclosure-and-be-inaccessible in
accordance with 7.2.
7.3.4 Soldefed connections to printed wiring boards shall be secured by one of the-following|methods:

a)Ac

b)As

c¢) A suirface mount connection with solder reflow.

d)Ac
the po

e) Sufface Mount Device (SMD) components and’components without integral lead

bnductor passed through a hole and soldered on the opposite side,

blder connection covered with epoxy, silicone rubber, or potting.

bnductor held rigidly in place (without the use of s¢lder) so as to preclude any
nt of electrical connection.

movement at

5 soldered to

the printed wiring board. Surface mounted connector receptacles and associated connectors with
leads |are acceptable without additional methanical securement where the lead wires are not
subjegt to movement after assembly.
f) WhIre supplied by a Class 2 or LVALE source, solder alone is sufficient if detachment will not
reduc¢ spacings of electrical parts' to non-Class 2 or non-LVLE circuits below the applicable
requirg¢d spacings of 7.8.
g) A wave-solder connection to a metal-clad printed-circuit board without any furthef mechanical
securify.
h) Any other methed that offers mechnical securement of the connection before solderjng.

7.3.5 Condyctors_shall be minimum 18 AWG (0.82 mm?), except as specified in 7.3.6 and 7.3.7, and

shall be rated

for'the voltage, current, temperature, and conditions of service for normal operaltion.

7.3.6 Conductors of a size smaller than 18 AWG (0.82 mm?) but no smaller than 24 AWG (0.21 mm?) are
permitted under the following conditions:

a) Where completely enclosed,

b) Where not subject to movement under normal use, and

c) In the secondary of a transformer or in a circuit containing solid-state devices.

7.3.7 Conductors of any size are permitted when the conductors are in Class 2 or isolated LVLE circuits
only and are physically separated from all other non-Class 2 or non-isolated LVLE circuits, such as by a
barrier or reliably fixed spacing of minimum 6.4 mm (0.25 in).
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7.4 Supply and load connections
7.41 General

7.4.1.1 Input and output wiring shall comply with the requirements for internal wiring as specified in 7.3 in
addition to the applicable requirements in this section.

7.4.1.2 Power limited circuit wiring that is intended to be routed within a building structure shall be of a
type suitable for application (e.g. CL2, CL2P, CL3, CL3P, CL3R, CM, CMP, CMR, or PLTC) and in
accordance with Article 725 of the National Electrical Code (NEC), ANSI/NFPA 70.

7.4.1.3 Units are-notintended-ast Tave-provistor o ign to a branch
circuit sourcg of supply by field wiring in 7.4.2, integral blade assembly of a direct plug-in ufit in 7.4.3, or
supply cord and attachment plug assembly in 7.4.3.

Ta

7.4.1.4 Units that are intended as built-in components may have provision for,éonnection {o a source of
supply utilizihg methods other than criteria in 7.4.1.3 — including use of Supply leads terminating in
connectors, ferminal blocks, and PWB edge connections. For such constructions additional gonsiderations
are necessaly to determine suitability — including insulating materials in 726/ electrical spacings in 7.8, and
ratings (voltaige, current, power).

7.4.2 Permanently-connected units

7.4.21 Conduit connection
7.4.2.1.1 Alunit intended to be connected to a branch circuit in accordance with the Natignal Electrical
Code (NEC)JANSI/NFPA 70, shall be provided witheither field-wiring leads complying with 7{4.2.2 or field-

wiring terminpls complying with 7.4.2.3.

7.4.21.2 Cpnnection to a permanent wiring system shall be by providing a means for conduit
connection.

7.4.2.1.3 Rpvised and relocated

Table 7.1
Dimensions of unthreaded opening for conduit and diameter of the area surrounding the opening

Table 7.1 revised and relocated

7.4.2.1.4 Revised and relocated

Table 7.2
Throat diameters for conduit openings

Table 7.2 revised and relocated

7.4.2.1.5 Revised and relocated

7.4.2.1.6 Revised and relocated
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7.4.2.1.7 Revised and relocated

7.4.2.1.8 Revised and relocated

7.4.2.1.9 Revised and relocated

7.4.2.1.10 Revised and relocated

7.4.2.1.11 Revised and relocated

7.4.2.1.12 Revised and relocated

7.4.2.2 Fiel
74221 A

74222 TH
compartment
compartment

74223 Th
neutral) shall

a) Be
b) Be

c) Be
permg

d) Be

74224 Th

H-wiring leads

nent tag, or

colored white or grey,

Table 7.3

Determination of minimum wiring compartment volume

Table 7.3 revised and relocated

ield-wiring lead shall be no smaller than 18 AWG (0:82'mm?).

e free length of a field-wiring lead shall be“15.2 cm (6 in) or more. Wh
is provided, the free length is measured fram the point of entry of the lead irfto the wiring
to the free end.

e insulation of a lead intended fek the connection of a grounded conductor

Df any color except green, with a continuous white tracer throughout its length,

identified at the ‘point where connected to the branch circuit by white paint,

brovided-with one or more raised longitudinal ridges, if a parallel conductor flexib

e insulation of a lead intended for the connection of an ungrounded (hot)

any color othérthan white, gray, green_or green with ypllnw stripe

ere a wiring

(common or

tape, ink, or

le cord.

condnrctor shall be

7.4.2.2.5 A lead intended for the connection of a grounding conductor shall be bare (no insulation) or

green, or green with yellow stripe.

7.4.2.3 Field-wiring terminals

7.4.2.3.1 A pressure wire type terminal or a wire binding screw shall be of the type suitable for field

wiring. The field wiring terminal shall not be rated for leads smaller than 18 AWG (0.82 mm?).

7.4.2.3.2 A terminal intended for connection of a grounded conductor of an ac supply shall be of metal
substantially white or silver in color or be marked with the words “NEUTRAL”, “N”, “W” or “White”. No other
terminal shall be substantially white or silver in color.
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7.4.2.3.3 A terminal intended for connection of a grounding conductor shall have a green colored head,
or the area directly adjacent to the terminal shall be marked with a grounding symbol or abbreviation, as

follows: G or GR or GRD or GND or GRND or GROUND or the symbol @(IEC Publication 417, Symbol
5019).

7.4.2.3.4 A terminal intended for connection of a dc supply where polarity of the supply connection is

“__«

required shall be marked with the symbols “-* and “+” on or immediately adjacent to the supply terminals.

7.4.2.3.5 Where dislocation of a secured lead wire can result in a risk of electric shock or a reduction of
required spacings, a terminal plate tapped for a wire-binding screw or stud shall be of brass or other
nonferrous metal, or plated steel, not less than 0.76 mm (0.030 in) thick, and shall provide not less than

adntha matal for th A hin

two full threa

Exception N,
connection i
of output terr

Exception N(
mechanical 3

74236 A
shall not hav
plated iron o

74237
surfaces. Th
security of ol

7.4.2.4 Push-in terminals

74241 A
the branch
unless the p

wiring termin

Terminal studs shall be prevented from turning’by means other than friction betw

H OGO
SO e T et TOT G o aTT g~ S CTrows

b. 1: Two full threads are not required if a lesser number of threads. result
which the threads do not strip when subjected to the tests and requirements (
hinals test of 8.11.

. 2: A plate may be less than 0.76 mm (0.030 in) thick if the tapped threads ha
trength as determined by the security of output terminals testof 8.11.

wire-binding screw or terminal stud shall not be smaller than 3.5 mm diamets
b more than 32 threads per 25.4 mm (1 in). The screw-or stud shall be of brass,
steel.

b acceptability of a lock washer or similar means to prevent turning shall be dete
tput terminals test of 8.11.

push-in wiring terminal for connection of supply leads shall only allow for the

ircuit conductor supplying the power source, and not provide for additional
Lish-in wiring terminal*has been evaluated to handle full branch circuit current
ol shall not be rated'for leads smaller than 18 AWG (0.82 mm?).

5 in a secure
f the security

e acceptable

r (No. 6) and
brass alloy, or

een mounting
rmined by the

ermination of
connections,
The push-in

7.4.2.4.2 The temperature rise of a push-in wire terminal shall not exceed 30°C during the temperature
test of 8.3.
7.4.2.4.3 Alunitthat employs push-in terminals shall be marked in accordance with 9.3.1.

7.4.3 Cord-connected and direct plug-in units

7.4.3.1

A unit shall be provided with either:

a) A cord-connected or direct plug-in power supply or LED driver, with an output cord for mating
with the unit, or

b) A power supply cord and attachment plug.

7.4.3.2 A unit having an attachment plug or direct plug-in blade configuration shall be polarized or a
grounding-type as shown in Figure 7.2.


https://ulnorm.com/api/?name=UL 8750 2022.pdf

32

UL 8750 DECEMBER 7, 2022

Exception: A 2-conductor unit is not required to be supplied with a polarized plug when it does not include
any single pole switches or fuses and parts that represent a risk of electric shock that may be accessible

during operation or service.

In the figure:

Figure 7.2

Connection to attachment plug

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING - TYPE
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

.::I:II_ GREEN OR GREEN AND YELLOW STRIPED

N CONDUCTOR—WITH—INSULATON—HAVING—A—
/ OUTER SURFACE @

CONDUCTOR NOT INTENDED TO.BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED. TO BE GROUNDED
(IDENTIFIED CONDUSTOR)P

CONNECTIONS OF CORD CONDUCTORS TO POLARIZED
ATTACHMENT PLUG (FACE OR\PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR

CONDUCTOR INTENDED TO BE GROUNDED
B100 (IDENTIFIED CONDUCTOR)b

a) The blade to which the green conductor is connected may have a U-shaped or a circular cross section.

b) The identified conductor is the conductor that intended to be grounded.
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7.4.3.3 A three-conductor flexible cord with ground shall be provided with conductor identification to
identify grounded and grounding conductors. A jacketed cord such as a SJT type shall have the grounding
conductor within the jacket colored green or green with a yellow stripe and the grounded conductor shall
be colored white or gray.

7.4.3.4 A component with no accessible dead-metal parts is not required to be provided with a supply
cord of the grounding type, when identified for use in an end-product with no dead metal needing to be
grounded or only for use in an end-product such as portable luminaires where under certain uses
grounding is not required.

7.4.3.5 When a two-conductor flexible cord is provided for connection to the source of supply and

polarity is re

uired, the conductors shall be connected to a polarized parallel-blade attachment plug with

the identified
SPT-2 shall
conductor fo

7436 Ap
7.4.3.7 Thsg
Type SPE-2,
shall be addi

7438 Ap

the point where the cord emerges from the unit, after any strain-relief means provided, to th

the cord ente

7.4.39 Wh
knot contact
insulation on

74310 A
through an o
bushing shal
bushing shal

74311 Th

receptacle and shall-eoOmply with either the requirements in the Standard for Attachme
UL 498;-or the Standard for Cord Sets and Power-Supply Cords, UL 817, or both.

Receptacles

grounded conductor (neutral) connected to the wider blade. A parallel cord
have a stripe, ridge, or groove on the exterior of the cord surface of the-groun
identification.

pwer supply cord shall be minimum 18 AWG (0.82 mm?).
power supply cord provided on a unit designated for dry, lecation only shall b
Type SPT-2, or heavier. The power supply cord on a product intended for use in

ionally rated for outdoor use by a surface marking “W”<or “Water Resistant.”

bwer supply cord shall be minimum 1.5 m (5 ft) in length. The length shall be m
rs an attachment plug.

5 or bears shall not have burrs, fins, sharp edges, and projections that could
a cord.

power supply cord shall-be“provided with a bushing at the point where the
pening in a metal enclosure or through a non-rounded opening of a polymeric e
be secured in placevand have a smooth, rounded surface against which the co
be nonmetallic ifthe cord is Type SVT or lighter.

e attachment.plug of a cord-connected unit shall be configured for a 15- or 20-A

7.4.3A Feedthrough receptacles

7.4.3A1

such as Type
ded (neutral)

e Type SP-2,

wet locations

easured from
e point where

bre a knot in a flexible power supply cord serves as strain relief, the surface upon which the

damage the

cord passes
hclosure. The
rd bears. The

branch circuit
nt Plugs and

the applicable requirements noted below.

Receptacles shall have suitable voltage and current load ratings and shall comply with one of

a) For NEMA receptacles; the Standard for Attachment Plugs and Receptacles, UL 498,

b) For connectors; the standard for component connectors for use in Data, Signal, Control and
Power Applications, UL 1977 with consideration for accessibility concerns as noted in 7.2, or

c) For appliance couplers; the standard for Appliance Couplers for Household and Similar General
Purposes, UL 60320-1.

7.4.3A.2 Receptacles shall:

a) Have suitable voltage and current load ratings, and
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b) Be of the same type as the attachment plug used in the input circuit.

7.4.3A.3 A supply cord terminating in a receptacle shall:

a) Comply with the Standard for Cord Sets and Power Supply Cords, UL 817,

b) Be of the same type as the supply cord used in the input circuit,

c) Have suitable voltage and current load ratings, and

d) Comply with the applicable requirements in 7.4.3 including strain relief, except that the cord may
be shorter than the requirement in 7.4.3.8.

743A4 Th

receptacle (or the supply cord terminating in a receptacle) shall be wired |td

same ground|ng or polarity scheme as the input supply.

7.4.3A5

Internal wiring from the input supply to the receptacle (or the supply)cord ter

receptacle), shall be:

a) Of the same wire gauge and electrical ratings of the input supply;and

b) Wirgd to provide the same grounding or polarity scheme as the input supply.

7.4.4 Leadg, terminals, and connectors for other than branch circuit connections
7.4.4.1 General

7.4.4.1.1 Input and output leads, terminals and cennectors shall be rated for the voltage
temperature involved.

7.44.2 Leafls

7.4.4.2.1 Input and output leads shall’comply with the requirements for internal wiring of 7

sufficient leng
7.44.3 Out

74431 A
cumulatively
interconnectiq

th to allow for the inténded connection.
but connectors

unit with™multiple Class 2 or LVLE supply or load connections where intercon
bxceed>Class 2 or LVLE limits shall be provided with polarized connectors th
n.

provide the

ninating in a

current and

.3 and be of

ection could
inhibit such

7.4.4.3.2 Output connectors mounted on the enclosure and intended for direct connection of accessories
shall provide a secure connection between mating parts. The connections shall be polarized if the output is

direct current

or if multiple outputs are provided.

7.4.4.3.3 Coaxial cable connectors shall not be used for output connections.

7444

74441

Insulation-piercing connections

conductor wire operating above Class 2 or LVLE limits shall be for factory assembly only.

Units employing insulation-piercing terminals intended for use with flexible cord or stranded

7.4.4.4.2 Flexible cord and wire for insulation-piercing connections shall be rated minimum 105°C

(221°F).
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7.4.4.4.3 Units operating above Class 2 or LVLE limits and intended for insulation-piercing connections
shall be subjected to the insulation-piercing connection thermal cycling conditioning test of 8.12 and
comply with the temperature test of 8.3.

7.5 Separation of circuits

7.5.1 Insulated conductors of different circuits that may contact each other, including wires in a terminal
box or compartment, shall have insulation rated for the highest of the circuit voltages or shall be reliably
separated a minimum of 6.35 mm (0.25 in).

7.5.2 Where units have field-installed connections for Class 2 or LVLE circuits inside the enclosure wiring
compartmen T 0 j } circuits shall be
provided by g¢liable routing
of the condugtors within the unit, or the effective use of barriers.

7.5.3 Segrggation of insulated conductors may be accomplished by clamping,-routing,| a barrier, or
equivalent mleans that provides reliable separation from insulated or uninsulated live parts|of a different
circuit.

7.5.4 For a|Class 2, Class 3, or LVLE power limited circuit, terminalSyand wire connectorg shall have a
minimum spacing of 6.35 mm (0.25 inch) between the points where'the field supply wiring and the Class 2,
Class 3, or LYLE circuit connect to the driver.

7.6 Insulating materials

7.6.1 Integral parts such as insulating washers and\bushings, and bases or supports for mpunting of live
parts, shall e of moisture-resistant materials that-are not damaged by the temperatures and stresses to
which they afe subjected under conditions of actual use.

7.6.2 An inpulating material is to be eyaluated for the application in accordance with thef Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, with respect to:

a) Mechanical strength,
b) Repistance to ignition-sources,
c) Didlectric strength,

d) Insulation-résistance,

e) Heptresistant properties in both the aged and unaged conditions

f) The degree to which it is enclosed,
g) Resistance to moisture if the unit is other than rated for dry locations, and

h) Any other features affecting the risk of fire and electric shock.

Exception: Materials, such as mica, ceramic, or some molded compounds are usually acceptable for use
as the sole support of live parts.

7.7 Printed wiring boards

7.7.1 Printed wiring boards shall comply with the Standard for Printed Wiring Boards, UL 796.
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7.7.2 Conductive traces shall be bonded to the substrate for the minimum conductor width and maximum
unpierced area as required by the Standard for Printed-Wiring Boards, UL 796.

Exception No. 1: Printed-wiring boards that are completely encased in potting compound are permitted to
exceed their specified minimum conductor width or maximum unpierced area.

Exception No. 2: A printed-wiring board connected within a Class 2 or LVLE circuit need not comply when
means (such as position, distance, or barrier) are provided to ensure that the limited energy traces cannot
contact non-energy limited live parts should the traces become detached from the substrate.

7.7.3 Temperatures measured in the temperature test of 8.3 shall not exceed the maximum operating
temperature ( llnT) ofthe prinfnd \I\Iil"ihg hoard

Exception: A
means (such
contact non-¢

printed-wiring board connected within a Class 2 or LVLE circuit need hot (
as position, distance, or barrier) are provided to ensure that the limited. energy
nergy limited live parts should the traces become detached from the(substrate.

omply when
races cannot

7.7.4 The flammability rating of the printed wiring board shall be no less than V-1 in accordance with the

Standard for ]
Exception: A

7.7.5 Printe
Exception No
Exception No

7.7.6 Wherg

[ests for Flammability of Plastic Materials for Parts in Devices.and Appliances, U
Circuit supplied by a Class 2 or LVLE source need not-comply.
H wiring boards shall comply with the requirementfor direct support of current cal
1: A printed wiring board that contains only:a Class 2 or LVLE circuits need not
2: A printed wiring board that is completely encased in potting compound need

a conformal coating is used tovmeet the requirements of this standard, it shal

L 94.

rrying parts.
comply.
not comply.

comply with

the requireménts in the Standard for Pelymeric Materials — Use in Electrical Equipment Evaluations, UL

746C, and be|

Exception: C
comply.

7.8 Electridal spacings

7.8.1  Minim

suitable for use in combination with the printed wiring board.

bnformal coatings-applied to PWBs that contain only Class 2 or LVLE circt

Lm-spacings shall not be less than those shown in Table 7.4, between:

its need not

a) Uni

sutatedtive parts of opposite potarity;

b) Uninsulated live parts and a grounded dead-metal part,

c) Uninsulated live parts and an accessible dead-metal part, and

d) Circuits that are required to be electrically isolated from one another.

Exception: Alternate minimum spacings values, applicability criteria, and evaluation methods are specified
in other clauses in this section.

Note: Wiring terminals, located in other than Class 2 and LVLE circuits, are subject to this clause and Table 7.4. Spacings for PWB
mounted wiring terminals in the area where the supply leads terminate into the terminal are evaluated per 7.8.1 and Table 7.4.
However, spacings between the wiring terminal pins interfacing with the PWB are evaluated per 7.8.2 and Table 7.5.
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Table 7.4
Minimum Spacings
Potential involved Through air Over surface
Vrms mm (in) mm (in)
0-50 1.6° (1/16)2 1.6° (1/16)2
51-150 3.2° (1/8)? 6.4 (1/4)
1.6%° (1116)*° 3.2%° (1/8)2°
151 -300 6.4 (1/4) 9.5 (3/8)
1.62P (1/16)2P 3.28b (1/8)%°
301 - 00 95 (3787 1277 (1/2)
4.83bc (3/16)20 9.5b¢ (3/8)>
@ The spacing between field-wiring terminals of opposite polarity and the spacings between a field-wiring términal apd a grounded

dead-metal pa
strands of wire]
features such

® The alternate

It shall not be less than 6.4 mm (1/4 in) if short-circuiting or grounding of such terminals may 'fesult fr

Examples of means that prevent stray wire strand contact include rating the unit for, Selid“wire only,
s recessed terminal pockets.

spacings identified in Table cells associated with this footnote apply to wiring terminals complying wj

bm projecting
Bnd design

th the

requirements df the Standard For Terminal Blocks, UL 1059, [Application for Industrial, devices*having limited ratings] when the
measured and|rated current load on any single circuit of the terminal block does not exceed;
1. 15 amperes at 51 — 150 volts,
2. 10 apperes at 151 — 300 volts, and
3. 5 amperes at 301 — 600 volts.
¢ Linear interpglation is permitted to be calculated by the following formulasywhere V is the measured potential:
Through Air Minimum Spacing, mm = 0.0107V — 1.6
Over Surfacg Minimum spacing, mm = 0.0210V - 3.1
Note 1 — The cplculated minimum spacings using this methgd‘shall be rounded up to the next higher 0.1 mm increment.
Note 2 T The provisions of footnote ‘a’ also apply when this method will result in spacings of less than 6.4 mm for figld-wiring
terminals.

7.8.2 Mini
than those

a)Un
b) Un

c)Un

o

own in Table 7.5 betweén:
nsulated live parts of opposite polarity,
nsulated dive-parts and a grounded dead-metal part,

nsulated live parts and an accessible dead-metal part, and

d) Cir

cuits that are required to be electrically isolated from one another

um spacings on printed‘wiring boards and for board-mounted components shall be not less

Internal spacings of board-mounted components are not specified in this clause. Internal component
spacings are subject to additional requirements of this standard (e.g. clause 7.11 for coil insulation) and
the applicable component standards (e.g. Optical Isolators). Spacings between the pins of the component

interfacing wi

th the PWB are evaluated per 7.8.2 and Table 7.5.

Minimum spacings for components mounted along the edge of a printed wiring board shall take into
consideration the possible movement of the component and the printed wiring board itself. When applying
the limits in Table 7.5, the printed wiring board is to be positioned, when movement is possible, in the

direction that

yields the smallest spacings between the parts in question.

With regards to (b) and (c) positioning of PWB traces with respect to PWB mounting hardware and use of
metal backed PWBs present instances where an evaluation is necessary.


https://ulnorm.com/api/?name=UL 8750 2022.pdf

38

UL 8750

DECEMBER 7, 2022

Exception No. 1: Spacings between uninsulated live parts of different voltage on non-conformal coated
printed wiring boards, their connectors, and board-mounted electrical components wired on the load side
of line filters or similar voltage peak reduction networks and components, are permitted to be 0.58 mm
(0.0230 in) plus 0.005 mm (0.0002 in) per V peak.

Exception No. 2: Compliance with the dielectric withstand test specified in 8.6 shall be accepted as an
alternative means to determine compliance of spacings on a printed wiring board between any uninsulated
live part of opposite polarity.

Exception No. 3: Spacings between adjacent PWB traces are permitted to be evaluated based on short
circuit tests between the traces. This alternate method is not applicable when the adjacent PWB traces
provide spacings:

1) Between electrically isolated circuits, or
2) Beteen live parts and ground.
Sample preparation shall be per 8.7.1.1 — 8.7.1.2. Compliance shall be determined per 8.7.1.3 criteria.
Table 7.5
Spacings on printed wiring boards and for board-mounted components
Maximum voltage between parts, Vrms (Vpeak=1.4 Vfms)
0-50 | 51-150 | 151-300 | 301-450 || 451-s600
Minimum spacings in millimeters (inches) [through air/over surface
Locations distance]
Parts potted or fonformal coated -/0.18°2 -/0.32 -/0.7 -/0.8 -/0.8
(-/0.007) (-/0.012) (-/0.028) (-/0.030) (—/0.030)
Live parts relialjly positioned AND insulator 0.2/0:6 0.5/0.8 1.5/1.5 2.25/2.25 3.0/3.0
with CTI =600 (PLC = 0)>&f (0.008/0.025) | (0.020/0.030) | (0.060/0.060) | (0.090/0.090) |[f (0.120/0.120)
Live parts relialjly positioned AND insulator 0.2/1.2 0.5/1.6 1.5/3.0 2.25/4.5 3.0/6.1
with CTI = 100 {PLC < 4)° (0.008/0.045) | (0.020/0.065) | (0.060/0.120) | (0.090/0.175) || (0.120/0.250)
1) Parts on a prjnted wiring board and Beard 3.0/- 3.0/- 3.9/- 4.7/- 5.6/—
mounted compgnents that are soldered in (0.120/-) (0.120/-) (0.155/-) (0.185/-) (0.220/-)
place but can njove in production prior to
soldering to fixdd parts®® or
2) Uninsulated |ive parts on‘aprinted wiring
board (including the tracés) to grounded or
accessible deagl metakthat can deflect® ® or
3) Uninsulated |ive parts on board mounted
components to grearded-or ible-dead
metal that can deflect®®
Live parts and dead conductive parts in a 3.2/6.4 3.2/6.4 6.4/9.5 6.4/9.5 9.5/9.5
conventional magnetic device construction (0.125/0.250) | (0.125/0.250) | (0.250/0.375) | (0.250/0.375) | (0.375/0.375)
where the coil size can vary due to random
wind OR where coil assembly placement can
vary in production

NOTE: D = distance in millimeters, V = voltage in volts

for V> 160, D = 0.005V

2 Or as determined from the investigation of the conformal coating, whichever is greater.

® Linear interpolation is permitted for over surface distance to be calculated by the following formulas:
for V<160, D =0.002V + 0.5

¢ Linear interpolation is permitted for over surface distance to be calculated by the following formulas:

Table 7.5 Continued on Next Page
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Table 7.5 Continued
Maximum voltage between parts, Vrms (Vpeak=1.4 Vrms)
0-50 | 51-150 | 151-300 | 301-450 | 451-600

Locations distance]

Minimum spacings in millimeters (inches) [through air/over surface

for V<160, D =0.004V + 1.0
forV>160, D=0.01V

4 Linear interpolation is permitted for through air distance to be calculated by the following formula:

for 150 <V <600, D = 0.0059V + 2.09

¢ Deflection refers to reduction in spacings due the mechanical tests in 8.15. Compliance is determined after the sample has been
tested per mechanical tests in 8.15.

fi.e., a) Adjacd
surface(s) that|

Int PWB traces, b) Lead pins of board mounted components (e.g. semiconductor devices to their mol
cannot deflect, or c) PWB traces to adjacent grounded or accessible dead metal that cannot deflect]

inting

7.8.3 Minimum spacings are permitted to be in accordance with the Standard for:lnsulation

Including Cle
applies to cir
minimum CT]

Exception N
terminals.

Exception N
grounded or
spacings afte

7.84 Thei

connection tq
source betw

7.8.5 Enam

7.8.6 The g
based on the

7.8.7 Parts
orientation p

arances and Creepage Distances for Electrical Equipment, UL 840. Overvoltag
cuits directly connected to the supply source. Printed wiring boards are presun
of 100 unless known to be greater.

b. 1: This provision does not apply to minimum spacings at field-wired branch

. 2: This provision does not apply to minimum_spacings between uninsulated
accessible dead metal parts (e.g., enclosure)that can deflect. Deflection refers 1
r the mechanical tests in 8.15. Complianee.is determined after the mechanical te

nherent spacings of discrete compoenents along with other conductive parts at
these discrete components, as well as the spacings of circuits supplied by a Cl

Ien points of opposite polarity @nd to dead metal, are exempt from the spacings
in this section.

eled and similar filmscoated wire is identified as an uninsulated live part.

pacings between output circuitry and dead metal for a ground-referenced c
maximum epen-circuit voltage to ground.

subjeet-to movement relative to other parts shall be positioned in their
ior.to measurement of spacings, unless reliably held in place.

Coordination
e Category I
hed to have a

circuit supply

ive parts and
o reduction in
psts in 8.15.

their point of

iss 2 or LVLE

requirements

rcuit shall be

most severe

7.9 Circuit

7.91

components

A fixed resistor, semiconductor, thermistor, Positive Temperature Coefficient (PTC) or Negative

Temperature Coefficient (NTC) resistor, or the like relied upon to limit the output of a unit or otherwise
achieve acceptable performance shall have permanence and stability which does not decrease its limiting
capabilities over time and use. Among the factors considered when evaluating a limiting component are
the cumulative effects of temperature, electrical transients, moisture, and other environmental conditions.

7.9.2 A component that bridges two circuits otherwise required to be isolated from one another shall be

one of the fol

lowing:

a) A Class Y capacitor complying with the requirements specified in the Standard for Safety
Requirements for Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional
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Specification: Fixed Capacitors for Electromagnetic Interference Suppression and Connection to
the Supply Mains, UL 60384-14 (see Table 7.6),

b) Two capacitors connected in series, each capacitor individually complying with the dielectric
voltage withstand test of 8.6,

¢) An isolator complying with the requirements of the Standard for Optical Isolators, UL 1577, with
a suitable isolation voltage rating,

d) A transformer that complies with the applicable construction and performance requirements in
this standard, or

e)Ar

lay (electromechanical or solid-state) that complies with the applicable requir

Stand

7.9.3 A relg

Standard for Industrial Control Equipment, UL 508. Additionally, a relay that operates(make o

isolated circu
a) LEL

b) AC
can al

c) Ele
tungs
Equi
alsob

Exception: W]
the same ang
on related rg
triggered by 3

a) Cor
b) Cor

oh

brd for Industrial Control Equipment, UL 508.

y shall have appropriate ratings (i.e., voltage, current, or watts) in_accorda

ts shall be rated based on load type as noted below:

D array loads are evaluated as resistive loads.

50 be used with LED array loads.

ctronic (switch mode) transformers, LED drivers;. and LED light engines are
n lamp loads with endurance testing in accordance with the Standard for Indu
ent, UL 508, requirements for electronic.fluorescent ballasts. Relays with th
e used with LED array and AC transformer{magnetic) loads.

hen a circuit is designed to trigger eperation (make or break) of an electromechs
le of the ac sinusoidal waveform{.such as at zero crossing, the relay may be eva
tings (i.e., DC voltage, current, or watts) for the load types noted above. If
n electronic circuit, this cireuit shall additionally meet with one of the following re

npliance with the applicable requirements of Supplement SA as a protective fund
npliance with the Abnormal Switching Test in 8.18.

Table 7.6
Bridging capacitor

ments of the

nce with the
r break) non-

transformer (magnetic) loads are evaluated as general purpose loads. Relays wlith this rating

bvaluated as
strial Control
is rating can

nical relay at
uated based
the relay is

quirements:

btion, or

Capacitor

Equipment —

Requirements for Fixed Capacitors for Use in Electroni

for Electromagnetic Interference Suppression and Connection to

ot\L

e
c
Part 14: Sectional Specification: Fixed Capacitors

the Supply Mains, UL 60384-14 Vrms

Y1 Up to and including 500V

Y2 Over 150V up to and including 3

00V

Y4 Up to and including 150V

Rules for the application of Table 7.6:
1) The voltage rating of the capacitor shall be equal to the RMS working voltage across the insulation being bridged.
2) Itis permitted to use a higher grade capacitor than the one specified, as follows:

— Subclass Y1 if subclass Y2 is specified;

Table 7.6 Continued on Next Page
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Table 7.6 Continued

Capacitor subclass according to the Standard for Safety
Requirements for Fixed Capacitors for Use in Electronic
Equipment —
for Electromagnetic Interference Suppression and Connection to

Part 14: Sectional Specification: Fixed Capacitors

the Supply Mains, UL 60384-14 Vrms

Rated voltage of the capacitor

3) Itis permitte

— \Voltage rg

— Subclass Y1 or Y2 if subclass Y4 is specified.

d to use two or more capacitors in series in place of the single capacitor specified, as follows:

— Subclass Y1 or Y2 if subclass Y1 is specified;

— Subclass Y2 or Y4 if subclass Y2 is specified;

ting af each individual r\nln:mimr must bhe I=Tal 1alto ar greater than the RMS wnrking \mltngp af insulat

jon being

bridged.

7.10 Prote

7101 Ap
requirements
current over
fuses, fusibl
devices.

7.10.2 Apr
unless the de

7.10.3 An ¢
be inaccessi

7.10.4 The
adjacent to 4

Ctive devices

rotective device relied upon for compliance with this standafd, shall comp
applicable to that component that specifically relate to protecting the equipn
oad or other conditions described in Performance, Section’/8. Protective de
resistors, over temperature and over current protectars, thermal protectors

b

b

btective device in a primary circuit shall not be connected in the neutral (ground

vercurrent protective device relied upon for construction or performance requi
ble to tampering or shall not be interchangeable with a device having a higher cu

fuse type identification and ampere rating shall be marked in accordance wit
user serviceable fuse or fuse holder.

7.10.5 A printed wiring board trace relied upon as an overcurrent protective device shall
coated or pofted, and shall comply*with the limited short circuit and foil trace calibration tes
the Standard for Fluoresceni-llamp Ballasts, UL 935.

vice simultaneously interrupts the grounded and’ungrounded supply conductors.

y with those
hent from the
vices include
, and similar

ed) conductor

rements shall
rrent rating.

h 9.3.2 on or

be conformal
s specified in

7.10.6 Thefrmostatic jprotectors that are relied as limiting controls shall be evaluated @s control for

fluorescent
Equipment,

60730-1, and UL'60730-2-3.

allast (per requirements in the Standard for Temperature-Indicating ang

-Regulating

L 873-or the Standard for Automatic Electrical Controls — Part 1: General Reqliirements, UL

7.10.7 Testing for a fusible resistor shall include the Limited Short Circuit test while installed in the
application, unless the test was previously conducted in accordance with UL 1412, using a 20 A test circuit
with a 200 A short circuit capacity. If a clearance to combustible materials was used during the Overload
Test, as permitted in UL 1412, the clearance shall be maintained or, the Overload Test shall be conducted
while the resistor is installed in the application.

7.11 Coil insulation

7.11.1 General

7.11.1.1 A coil shall be provided with insulation between the coil and any dead-metal part, and between
adjacent windings. Physical insulation material is not required if the electrical spacing requirements of 7.8
are met without any insulation material in place.
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Exception No. 1: Two or more secondary windings may be considered as a single winding and interposing
insulation is not required if, when interconnected, the windings comply with the performance requirements
for a single winding.

Exception No. 2: Insulated wiring which complies with the Standard for Single- and Multi-Layer Insulated
Winding Wire, UL 2353, is considered suitable insulation between the coil and any dead-metal part.

Exception No. 3: The adequacy of insulation between windings of a coil can be determined by shorting the
windings to each other when:

a) The insulation is not relied upon for separating circuits that are required to be isolated from each
other, and

b) Thg coil core is isolated from ground and all accessible dead metal.
Sample prepgration shall be per 8.7.1.1 — 8.7.1.2. Compliance shall be determined per 8.7.1.3 criteria.

7.11.1.2 Coll insulation shall either be inherently moisture resistant or _treated to render it moisture
resistant. Filnj-coated magnet wire is considered to be moisture resistant.

7.11.2 Insulation for transformers

7.11.2.1 Insplation between uninsulated, primary wires of opposite polarity shall be one of the following:

a) Elegtrical grade paper, waxed or otherwise treated'to resist the absorption of moistlire, having a
total thickness of not less than 0.3 mm (0.01 in),

b) Other insulating material having a dielectric breakdown strength of not less than 2500 V in the
thickngss used as determined by the tests on insulating materials specified in the [Standard for
Class 2 Power Units, UL 1310, or

¢) Insdlated wiring which complies:with the Standard for Single- and Multi-Layer Insulated Winding
Wire, UL 2353.

7.11.2.2 Insplation between primary and secondary windings shall be one of the following:

a) Elegtrical grade.paper, waxed or otherwise treated to resist the absorption of moistlire, having a
total minimum thickness of 0.3 mm (0.01 in),

b) A molded.polymeric material such as a coil form or bobbin having a minimum thickness of 0.65
mm (0.034r),

c) Other than a molded polymeric material and having a dielectric breakdown strength of not less
than 2500 V in the thickness used as determined by the tests on insulating materials specified in
the Standard for Class 2 Power Units, UL 1310, or

d) Insulated wiring which complies with the Standard for Single- and Multi-Layer Insulated Winding
Wire, UL 2353.

7.11.2.3 Tape used as insulation in lieu of spacings for a concentrically-wound bobbin transformer shall
provide a continuous 0.8-mm (1/32-in) minimum wide bent up edge against the bobbin flanges.

7.11.2.4 A concentrically-wound bobbin transformer shall be subjected to the output loading test
requirements of 8.7.3. The test shall be continued for 15 days if the transformer has:
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a) The primary winding wound over the secondary winding or the secondary winding wound over
the primary winding, and

b) The primary winding insulated from the secondary winding by a layer of insulating material other
than that specified in 7.11.2.2(b).

Exception: The test is not required to be applied for 15 days if the following requirements are met:

a) Multiple layered winding wire is used, which has been evaluated to the requirements for
miscellaneous insulating devices and materials of the Standard for Polymeric Materials — Short
Term Property Evaluations, UL 746A, the Standard for Polymeric Materials — Long Term Property
Evaluations, UL 746B, and the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746TC;

b) The primary-to-secondary winding spacings are reliably maintained and comply'with Table 7.4,

¢) The requirements in the Standard for Insulation Coordination Including Clgarances and
Creeppage Distances for Electrical Equipment, UL 840, are reliably maintained for the primary-to-
seconjdary creepage distance, and a Comparative Tracking Index (CTI) rating ¢f 100 for all
insulgting material is determined, or

d) Indulated wiring is used which complies with the Standard,for Single- and Multi-Layer Insulated
Winding Wire, UL 2353.

7.11.2.5 Ingulation between the primary winding and the careshall be one of the following:

a) Electrical grade paper, waxed or otherwise treated to resist moisture, having a minimum total
thickrjess of 0.3 mm (0.01 in),

b) A molded polymeric material such as-a‘coil form or bobbin having a minimum thickness of 0.65
mm (.03 in),

c) Other than a molded polymeric-material and having a dielectric breakdown strengdth of not less
than 2500 V in the thickness 'used as determined by the tests on insulating materials specified in
the Standard for Class 2 Pewer Units, UL 1310, or

d) Indulated wiring which’complies with the Standard for Single- and Multi-Layer Insulated Winding
Wire,|UL 2353.

Exception: Insulation_may be reduced or waived between the primary and core when all of the following
conditions ane met:

- H £ oar I} ool / aoliiatan maatarial—faor vananla—farcit Ly o H
a) T CUIC 1o Ul a 1UvW CiIoulirivdar LUriuuctiarivc 1iiatcridl, 1Ur CAAITIoIe 111G uostCu 1ri SW/tCh'mOde

product,

b) The core is treated as a live and electrically conductive part when judging insulation and
spacings between the core and:

i) Accessible metal parts,
ii) The secondary windings, and
iii) Any other output circuitry.

¢) In applying (b), the core shall be considered to be at the maximum potential of the primary
winding, and

d) Insulation between secondary windings and core are in accordance with the above requirement.
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7.11.2.6 Insulation between the primary winding lead connections and a metallic enclosure shall be one
of the following:

a) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, not less
than 0.3 mm (0.01 in) thick if used in conjunction with an air spacing of no less than one-half that

specifi

edin 7.8,

b) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture having a
total thickness of not less than 0.7 mm (0.03 in) when the insulation is in contact with the enclosure,

¢) Insulation having a dielectric breakdown strength of not less than 2500 V in the thickness used
for (a) and 5000 V in the thickness used for (b) as determined by tests on insulating materials

Specif ed inthe Standard for Class 2 Power | |ni+e’ LI 1’21“’ or.
d) Instilated wiring which complies with the Standard for Single- and Multi-Layer-Insul
Wire, UL 2353.

7.11.2.7 Insplation in accordance with 7.11.2.8 shall be provided between a crossover lead 4
a) Thq turns of the winding to which it is connected,
b) Thg adjacent winding,
c) Thg metallic enclosure, and
d) Theg core.

7.11.2.8 To pomply with 7.11.2.7, insulation shall be one of the following:
a) Elegtrical grade paper, waxed or otherwise treated to resist the absorption of moist
total thickness of not less than 0.3 mm (0.01 in),
b) Other insulating material having ;a dielectric breakdown strength of not less than 2
thickngss used as determined by the tests on insulating materials specified in the
Class p Power Units, UL 1310, or
c¢) Insullated wiring which complies with the Standard for Single- and Multi-Layer Insul
Wire, UL 2353.

Exception Ng
between a cr
dielectric volf

. 1: Anyype or thickness of insulation, or a through air spacing less than spe
bssoveklead and the winding to which it is connected may be used if the coil W

lead cut at the: pninf where it enters the inner I:aynr

hge withstand test of 8.6 with the potential applied between the coil leads and

bted Winding

nd:

re, having a

500 V in the
Standard for

ated Winding

pcified in 7.8,
ithstands the
with the coil

Exception No. 2: This requirement does not apply to insulation between a Class 2 secondary crossover

lead and:

a) The secondary winding to which the crossover lead is connected,

b) The metallic enclosure, and

c) The core.

7.11.2.9 With reference to Exception No. 1 to 7.11.2.8, the magnetic coil of a molded bobbin transformer
having a slot for the crossover or start lead — unspliced at the windings — is acceptable as crossover lead

insulation if:
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a) The slots provide a graduated through air spacing to the winding, increasing to the end turns,

and

b) The magnet-coil winding withstands the dielectric voltage withstand test of 8.6.

7.11.2.10
secondary-le

ad connections and the primary winding shall be one of the following:

Insulation between the primary-lead connections and the adjacent winding, and between

a) Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a
total thickness of not less than 0.7 mm (0.03 in),

b) Other insulating material having a dielectric breakdown strength of not less than 5000 V in the

thick
Powe

c) Ins
Wire,

7.11.3 Elec

71131 A
8.1 during th
the Standard

Exception: U
not be evalu
or generic th

<l ot H ol lo + 4 H lat: 4 H | H + P Ll (a¥) pu |
Coo UoTU Ao UTILTITTITTCU Uy Colo Ul IIIOUIGLIIIU Mialridio oy TUITNITU TIT 1T otdliu

r Units, UL 1310, or

ulated wiring which complies with the Standard for Single- and Multi-Layer Insu
UL 2353.

trical insulation systems

ransformer or coil that operates above Class 105 (A) temperature limits as indi
e Temperature Test of 8.3 shall incorporate an electrical insulation system that
for Systems of Insulating Materials — General, UL 4446.

nder conditions a, b or ¢ below, the integral instilation materials for a transforme
hted as an electrical insulation system but shall operate within the relative therm
brmal index of the individual insulation material:

rd for Class 2

ated Winding

cated in Table
complies with

r or coil need
al index (RTI)

ts,

all accessible

d the core is

t output shall
ass 2 Power
lefined in UL

a) The transformer or coil windings are whelly connected within Class 2 or LVLE circu
b) The coil consists of a single winding with a core that is isolated from ground and
deadmetal, or
c) The transformer or coil windings are not relied upon for electrical isolation an
isolated from ground and-allaccessible dead metal.
7.12 Class|2 output circuits
7.12.1  Whgn an odtput is marked or otherwise identified as being Class 2 (see 3.3), tha
comply with [the performance, and marking requirements described in the Standard for C
Units, UL 1310y including performance under normal, abnormal, and fault conditions as
1310.
PERFORMANCE

8 Performance Tests

8.1 General

8.1.1

A unit intended to be used in an application identified by one of the standards specified in 1.3 shall

comply with the performance test requirements of that standard. If an end-use application is not specified
or identified, or if a safety-related aspect of the unit’s performance is not covered by the identified
standard, the unit shall comply with the performance requirements of this section.

8.1.2 All electrical measurements, unless otherwise specified, are to be conducted:
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a) In a draft-free environment,

b) At an ambient temperature of 25 +5°C (77 1£9°F) unless a higher ambient temperature is
specified by the manufacturer, and

¢) With the unit connected to a supply source of nominal frequency that is adjusted to within 5
percent of the marked rated voltage.

I 8.1.3 LED driver outputs, and LED controller outputs intended to supply LED loads shall be loaded using
resistive, electronic, or LED loads. LED loads may be used in series with variable resistance to allow for
output adjustment. Power source outputs shall be loaded using resistive, or electronic loads.

8.1.4 Each lest in this section Is to be conducted on a separate sample unless:
a) All parties agree that more than one test can be conducted on the same sample) or

b) Where a sample is conditioned by one test to be followed by another.

8.1.5 In addition to complying with the applicable performance requirements, specified in this standard, a
direct plug-in| unit shall comply with Direct Plug-In Blade Secureness; Security of Input Jontacts, and
Abuse Tests as defined in the Standard for Class 2 Power Units, UL 1310.

8.1.6 In addition to complying with the construction requirements specified in this standard, a LED
controller thaf is intended to be installed in a wall-box (or provided with an enclosure for flush or surface
mounting) sHall comply with the following tests in the Standard for Safety for Solid-State Dimming
Controls, UL 1472 as applicable:

a) Temperature test,

b) Sequrity of lead test,

c¢) Torque and pull-out tests,

d) Limjted short-circuit test,

e) Legkage current testfortouch dimmers,
f) Leakage current test, and

g) Field replaceable actuator assembly test.

Note: This requifement‘applies to LED controllers that are not covered within the scope of the Standard for Safety for Solid-State
Dimming Controls, L 1472 See 1 1 3(h)

8.1.6 When LED equipment includes a feedthrough circuit, applicable tests are to be performed with this
output loaded to its maximum rating using resistive or electronic loads.

8.2 Input test

8.2.1 For LED modules or arrays:

a) For constant current input units, the input current shall be set at rated value; measured power
shall not exceed 110 percent of rating.

b) For constant voltage input units, the input voltage shall be set at rated value; measured power
shall not exceed 110 percent of rating.
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I 8.2.2 For LED controllers, LED drivers, and power sources:

8.3

8.3.1

the limits on
positioned in

a) For constant voltage input units, the input voltage shall be set at rated value and supplying rated
load. Measured input current and input power shall not exceed 110 percent of each rating

respectively.

b) For constant current input units, the input current shall be set at rated value and supplying rated
load. Measured input voltage and input power shall not exceed 110 percent of each rating

respectively.

Temperature test

A unit shall be subjected to a temperature test to determine that the temperatures, d
the specified components in Table 8.1 during normal operation of the unit/ The
an alcove or still-air test oven, see Section 8.4 or 8.5, as appropriatefor thg

maintained i an ambient temperature as specified in Table 8.2.

Table 8.1

Maximum acceptable temperatures

0 not exceed
unit shall be
product and

Materials and components °C °F
A. COMPONENTS
1 Capacitor (other than oil filled) a a
2 Fusgs a a
3 Interpal wiring a a
4.  Pottihg compound b b
5 Printed-wiring boards a a
6 Switghes, terminal blocks, and connectors a a
B. ELECTRICAL INSULATION
7. Clasp 105 (A) Insulation systems:
Quter surface — thermocouple method 90 194
Alverage — resistance methed (fully potted) 105 221
Alverage — resistance nmethod (open core and coil) 95 203
Clasp 130 (B) Insulation systems:
uter surface)—~ thermocouple method 110 230
erage's resistance method 120 248
Clasp 155 (F) Insulation systems:
Outer surface — thermocouple method 135 275
Average — resistance method 140 284
Class 180 (H) Insulation systems:
Outer surface — thermocouple method 150 302
Average — resistance method 165 329
8.  Vulcanized fiber employed as electrical insulation for other than coil systems 90 194
C. SURFACES
9.  Asurface upon which the unit is placed or mounted in service 90 194
10. A non-metallic surface of a direct plug-in or through-cord unit 75 167
11. A metallic surface of a direct plug-in or through-cord unit 55 131

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Materials and components °C °F
12. Interior surface of field-wiring compartment See 8.3.3
@ There are no temperatures specified; the manufacturer's rated temperature of the material or component is to be used.
b See 6.7 or 6.8 based on potting compound type (Asphalt or Polymeric).
Table 8.2
Ambient temperature test condition
—Duvite Tostchamber Ambient-temperature
Remote, through-cord, or direct plug-in Alcove 25°C (@7°F
Used yvithin a luminaire Test oven 407G (104°F|
8.3.2 A unit|integral to a luminaire product shall be tested in accordance with\the applicaple luminaire

product stand

8.3.3 The tq
(77°F) shall
maximum 90

8.34 A tem
value noted i
from the obssg

8.3.5 Thea
test enclosure
portions are 1
nearest wall.

ard.

not be more than 60°C (140°F) unless the device iS¢marked maximum 75°
C (194°F) in accordance with 9.3.3.

perature test may be performed at any ambient-air temperature within +5°C
N Table 8.2. The variation from the value noted in Table 8.2 may be added to
rved temperature readings.

erage of two or more thermocouple readings is to be taken for the air temperat

6.2 mm (3 in) from the floor ‘of.the test enclosure, and not less than 76.2 mm (

8.3.6 The test is to continue until constant temperatures are obtained. A temperature i

constant if:
a) The

b) Thr

test has been.running for at least 3 hours, and

pe successive readings, taken at 15-minute intervals, are within 1°C (1.8°F) of

and a

e stillknot rising.

mperature on any surface inside a terminal or splice compartment when corre

. Thermocouples as described. in 8.3.18 are to be located so that the tempera

cted to 25°C
C (167°F) or

1+9°F) of the
br subtracted

ire within the
ture-sensing
8 in) from the

b

considered

one another

8.3.7 The LED driver input and output supply electrical parameters (V, A, W), are to be recorded 15
minutes after the start of the test and at the end of the test. The input current measurements shall comply
with 8.2.2. The output current recorded at the end of the test shall be within 10 percent of the initially

recorded valu

e.

8.3.8 For all tests in which a direct plug-in unit is to be energized from a source of supply, the unit is to be
operated from an outlet representing the following constructions:

a) Duplex receptacle outlet with nonmetallic faceplate,

b) Receptacle mounted on a nonmetallic outlet box, not more than 196 cm? (12 in®) in volume, and

c¢) Outlet box mounted in a vertical wall section approximately 100 mm (3-1/2 in) thick with plywood
or gypsum wallboard surfaces and loosely filled with fiberglass or equivalent thermal insulation.
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8.3.9 A unitintended to be used inside of a luminaire shall be supported in a test oven with its mounting
surface down and 76 mm (3 in) above the base of the enclosure in a central position on two 76 mm (3 in)
wooden or ceramic cleats. To determine the temperature produced on the device surface, thermocouples
shall be attached to the case in the areas of major heat sources. Temperatures on the device case shall be
determined by means of thermocouples, and in the coils by the thermocouple or rise-of-resistance
method. The unit shall be conditioned in the test oven until all parts reach the temperature of the heated air
therein prior to the test.

8.3.10 For a unit with potting it would be necessary to apply thermocouples to interior components prior
to potting.

8.3.10.1 criteria in 6.7
or 6.8, the pbserved temperatures of the potting compound and components that arg touching or
submerged ip the potting compound are used to calculate the average value of the~potting compound
temperature.

8.3.11 A thermocouple junction and the adjacent thermocouple lead wire-are to be segurely held in
thermal contact with the surface of the material of which the temperature is’being measured. In most
cases, adequiate thermal contact will result from securely taping or cementirg the thermocouple in place;
but, if a metd] surface is involved, brazing or soldering the thermocoupleto the metal may be pecessary.

8.3.12 It may be necessary to test a modified sample, with additional lead wires that are|extended, so
that the temgerature of each coil of a device may be measured by the resistance method.

8.3.13 The| following explanation pertains to coil insulation temperatures. The insulgtion system
temperature |(class) is also the internal hot spot temperature limit. The average coil temperature, obtained
by the chande of resistance method, is the average'of the entire coil from internal hot spots|to the cooler,
outer surface; hence, the average limit is lower than the internal hot spot, or systgm limit. The
thermocouplg¢ measurement method gives the,temperature of the cooler, outer surface; hemce, the outer
surface limit jis lower than the average limit. In end-product applications, the thermocouple mmeasurement
method is pffimarily for convenience. At{the point on the surface of a device where the témperature is
affected by gnother source of heat, the temperature may exceed the value given in Table 8.1 provided the
average temperature is not exceeded.

8.3.14 The|temperature on acoil may be measured by the thermocouple method or detefmined by the
change-of-resistance method (comparing the resistance of the winding at the temperature to|be measured
with its resistance at akhown temperature) using the formula specified below.

8.3.15 Theltemperature of a winding is to be calculated by the following formula:

R
Ty = R—i[k+Ac]—k+[Ac—AH]

in which:
Ty is the temperature of the coil at the end of the test, °C
Ry is the resistance of the coil at the end of the test, in Q
Rc is the resistance of the coil at the beginning of the test, in Q

k is a constant which represents the temperature coefficient for the coil = 234.5 for copper or 225.0
for electrical conductor grade (EC) aluminum
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Ac is the ambient temperature of the coil at the beginning of the test when R is measured, °C.
Normally 25°C unless the coil is being tested in an oven at a higher ambient temperature.

Ay is the ambient temperature at the end of the test when Ry is measured, °C

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

8.3.17 If a manual method is used to collect the data, generally the values of resistance are to be taken
over a 30 second period, 5 seconds apart. The extrapolated value (to the time of power shutdown) can be

determined
used, the trepd-line equation can be from the best fit of a linear, polynomial, or exponent ré
computer automated (and quicker) method is used to collect the data, the values of resist
taken as perpitted by the equipment. The extrapolated value (to the time of power shutd
determined by a linear regression.

8.3.18 The junction of the thermocouple is to be firmly secured with the point’on the surface
temperature |s to be measured. When radiation may affect thermocouple measurement
material, it i permitted to embed the junction of the thermocouple ‘within the material S
thermocoupld junction is shielded from direct optical radiation. Thé€ thermocouple is to consis
larger than 24 AWG (0.21 mm?) and not smaller than 30 AWG0.05 mm?). Thermocouples
30 AWG (0.0p mm?) iron and constantan (Type J) wires are te'be used whenever a referee
measurement by thermocouples is necessary. Thermocouplés consisting of chromel-alume]

a graphical computer spreadsheet application. If a computer spreadsheet application is

gression. If a
ance can be
pwn) can be

on which the
of polymeric
uch that the
t of wires not
consisting of
temperature

(Type K) or

copper-constantan (Type T) wires may be used if it is determined that high frequency operation results in

eddy current heating of iron and constantan thermocouples.

8.3.19 Delefed

8.3.20 In situations where optical radiation from the light source is expected to affect the 3
temperature measurement, with the agreement of all parties involved, linear regression is pe
used. A seriep of temperature measurements shall be taken at 5-second increments immedia
light source hgs been de-energized for a total duration of 130 seconds. The data from the firs
shall be discdrded and the remaining 120 seconds of data plotted on a time vs. temperature
a linear regrepsion formula, the temperature at time zero shall be calculated and recorded to

temperature measurement value.

8.3.21 Delefed

ccuracy of a
rmitted to be
tely after the
t 10 seconds
graph. Using
epresent the

8.3.22 Deleted

Figure 8.1

Leading edge phase-cut type dimmer output waveform
Figure deleted

8.3.23 Deleted
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8.4 Temperature test alcove

8.4.1 The test alcove shown in Figure 8.2 shall have three sides made of plywood conforming to 8.4.2,
joined at right angles to form a corner with butt-fitted seams secured by wood screws or nails. Each side
shall project 300 mm (12 in) beyond the luminaire.
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Figure 8.2
Temperature test alcove
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| ==\ |
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su1699
Notes:

1) The upper drawing is the top view.

2) The lower drawing is a section through the center of the top view.
3) Dimension A is 300 mm (12 in).

4) EUT = equipment under test
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8.4.2 The plywood used shall be 12 mm (0.5 in) thick, with at least one side that has all voids filled and
sanded.

8.4.3 The product shall be mounted inside so it touches two walls and the top of the alcove, in the
configuration and orientation that result in the highest temperatures.

8.5 Temperature test oven

8.5.1 During the test the equipment under test is to be supported as illustrated in Figure 8.3. The floor
between the heaters and the equipment under test is to be of a thermal insulating material. The test
compartment of the enclosure is to have internal dlmenS|ons of 610 by 610 mm (24 by 24 in). The floor of
the test compartmentis 2 ermitting-an-air-space 5.4, mm (1in) all
around the floor for C|rculat|on of the heated air. A 76.2-mm (3 in) deep heater compart ent is to be
provided belpw the floor of the test area for the heating elements. One side of the test.compartment may
be removable, but is to be constructed so that it can be securely fastened to_the remginder of the
enclosure. gne of the sides is to have a 152-mm (6-in) square opening located-eentrally pt the bottom
edge of the fest compartment, and the enclosure is to be constructed so that\the only pagssibility of air
circulation will be through this opening. The opening is to be covered by an aluminum shield |positioned so
that it extends 12.7 mm (1/2 in) beyond the perimeter of the opening.
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Figure 8.3

Test oven

DOOR

31/2 - INCH (89-mm) RADIUS
ﬁ} IS / ALUMINUM SHIELD

~~~~~~~ 6 - INCH (152-mm) SQUARE
1 | ] OPENING IN ENCLOSURE

TYPICAL LOCATION

1 INCH OF THERMOCOUPLES

(25mn

~—

24 INCHH
(610mm
1INCH 4
(25mm) i
3 INCHES -
(76mm) i
3INCHES r
(76mm) 1
T\L~ k.
1INCH
@5mm) | NCH 38mm) S~ e
26 INCHES
(660mm)
26 INCHES THERMAL INSULATING
EUT (660mm) MATERIAL
SUPPORTS
HEATERS
su1700a
Note:

EUT = equipment under test
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8.5.2 The heat source used for the test oven described in 8.5.1 is to consist of four 300-watt, 230-volt,
strip heaters having heating surface dimensions of approximately 38 mm by 305 mm (1-1/2 by 12 in). The
elements are to be connected in parallel to a 120-volt supply source. The elements are to be mounted in
the 76-mm (3-in) deep heater compartment midway between the test-compartment floor and the base, and
are to be arranged so that they form a square with the outside edge of each element 63.5 mm (2-1/2 in)
from the adjacent inside wall of the compartment. The elements are to be controlled by a thermostat.

8.5.3 The heaters located below the floor of the oven compartment are to be thermostatically controlled
to provide the required oven temperature regardless of the heat gain from the device under test. Glowing
coils shall not radiate directly onto the unit under test. The volume of the oven compartment is to be
between 0.156 m® (5-1/2 ft*) and 0.226 m3 (8 ft°).

8.5.4 In lie
manufacture
oven compa
regardless o
enclosure fo

I of the oven construction described in 8.5.1 — 8.5.3, the oven may bera

 oven having still-air convection heating. The heaters are to be located below't
tment, and are to be thermostatically controlled to provide the required, over
f the heat gain from the device under test. Glowing coils shall not.radiate dir

commercially
he floor of the
temperature
bctly onto the
een 0.156 m®

the equipment under test. The volume of the oven compartment’is to be betw
(5-1/2 ft3) angl 0.226 m® (8 ft%).
8.6 Dielectric voltage withstand test

8.6.1 Theu
using the teg
under test.

d in Table 8.3,
een the parts

nit shall withstand for one minute, without breakdown, the test potential specifie
t equipment specified in 8.6.2 where V is the maximum AC (rms) voltage betw

Note 1: If there ks excess capacitive leakage current, the capacitors<are’ permitted to be removed or the test may be
a DC potential at 1.414 times the AC potential.

conducted using

Note 2: Surge pfotective devices bridging the circuit locations‘under test may be removed for this test.

Table 8.3
Dielectric voltage withstand potential

Test potgntial, V ac Circuit location

Between primary circuits and accessible dead conductive parts

Between secondary circuits operating at greater than 70 V peak and accessible dpad conductive

parts
2V +1000 - — - -
Between the primary and secondary windings of a transformer that are relied upon for separating
circuits that are required to be isolated
Rat PA\AD & +h H H H
BetweenPAB-traces-er-otherparis-operatingatdifferentpoteptials—————
500V Between a secondary circuit operating at no more than 70 V peak and accessible dead

conductive parts

8.6.2 The dielectric withstand test equipment shall employ a transformer of 500-VA or larger capacity
and have a variable output voltage that is essentially sinusoidal or continuous direct current. The applied
potential is to be increased from zero at a substantially uniform rate until the required test level is reached,
and is to be held at that level for 1 minute.

Exception: A 500-VA or larger capacity transformer is not required if the transformer is provided with a
voltmeter to measure directly the applied output potential.

8.6.3 Insulation breakdown is considered to have occurred when the current that flows as a result of the
application of the test voltage, rapidly increases in an uncontrolled manner. (e.g., the insulation does not
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restrict the flow of the current). Corona discharge or a single momentary flashover is not
insulation breakdown.

8.7 Abnormal tests
8.7.1 General

8.7.1.1 During each test:

regarded as

a) The grounding means, if provided, is to be connected to ground through a 3-A non-time delay

fuse,

b) Thi unit is to be placed on a softwood surface covered with tissue paper andydraped with a

doublg layer of cheesecloth conforming to the outline of the unit,

c) Theg white tissue paper shall be nominally 0.025 mm (0.001 in) thick, commonly
wrappjng,

d) ThI cheesecloth shall be bleached cheesecloth, 36 inches (91:4 cm) wide, run
squarg yards per pound (26 — 28 m?/kg) and having what is knowrin the trade as a ¢
28; that is, for any square inch 32 threads in one direction and)28 in the other dire
squarg centimeter, 13 threads in one direction and 11 in_the€ other direction). The

used for gift

ning 14 — 15
bunt of 32 by
tion (for any
loth is to be

loosely draped over the device under test in order to servejas a flame indicator (presemce of ash, or

burnt holes) not as a blanket to trap heat,
e) Thg unit is to be energized at rated input voltage-and frequency,

f) The|supply circuit is to be connected in series with a 20 A branch circuit-rated fus
type), |of which the characteristics are such’that the fuse does not open in less tha
carrying 40 A, and

g) Thg unit is to be operated at ambient temperatures of 25°C +5°C (77°F £5°F).

e (time delay
h 12 s when

8.7.1.2 Aftef ultimate results have-been obtained for each test, the sample shall be permitied to cool to

room temperature and the dielectric-voltage withstand test of 8.6 shall be repeated.

8.7.1.3 Arrigk of fire or electri¢ shock is considered to exist with any of the following results:
a) Opéning of the ground fuse,

b) Charring of the cheesecloth or tissue paper,

¢) Emission of flame or molten material from the unit,

d) Ignition or dripping of a compound from the unit,

e) Exposure of live parts that pose a risk of electric shock under the requirements for accessibility

of 7.2, or

f) Breakdown during the subsequent dielectric voltage withstand test.

Opening of the 20A time delay fuse is acceptable provided none of the other conditions
through (f) occurs.

noted in (a)
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8.7.2 Component failure test

8.7.2.1 A unit having components such as resistors, semiconductor devices, capacitors, and the like
shall not exhibit a risk of fire or electric shock when a simulated short circuit or open circuit is imposed. In
preparation for component failure tests, the equipment, circuit diagrams, and component specifications are
examined to determine those fault conditions that might reasonably be expected to occur. Examples
include: short-circuits and open circuits of semiconductor devices and capacitors, faults causing open
circuits of resistors and internal faults in integrated circuits.

Exception No. 1: Circuits in which maximum power levels have been determined to not exceed 50 W need
not be evaluated for component failure.

Exception N¢. 2: Devices supplied by a source operating within the limits for risk of fire ahd electric shock
need not be subject to this test.

8.7.2.2 Eagh component is to be short circuited or open circuited, one at a time{(gne fault per test). Each
test shall coptinue until either the unit is no longer operable, or until conditions. are obviously stable (as
determined Ry no visual changes or detectable thermal increase) for at least 30 minutes.

Exception: Gomponents whose reliability against failure which have already been evaluategl shall not be
faulted. Examples of such components: optical isolators evaluated.fe’the Standard for Optical Isolators, UL
1577, and cgpacitors evaluated to the Standard for Standard for-Safety Requirements for Fixged Capacitors
for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for El¢ctromagnetic
Interference Suppression and Connection to the Supply Mains, UL 60384-14.

8.7.3 Output loading test
8.7.3.1 LED equipment with supply outputs (LED controllers, LED drivers, and power soutices) shall not
exhibit a risk|of fire or electric shock when subjected to the following tests.

8.7.3.2 Durng the tests of 8.7.3.4 and\8-7.3.5, a circuit protector provided as part of the unft is to remain
in the circuit,land a user replaceable fuse is to be replaced by the largest fuse the fuseholder|will accept. A
manually reset protector is to be.operated for 10 cycles and the protector contacts shall be operative upon
completion of the test. If an automatic reset protector is provided, or the input current is a value other than
zero, the tes{ is to be continued for:

a) 7 hours, or

b) 15|days if required in accordance with 7.11.2.4.

8.7.3.3 For units with more than one ouiput, the remaining oufpuis are o be open circuited or loaded to
rated conditions, whichever results in a more severe operating condition.

8.7.3.4 Each output is to be short-circuited in turn. The temperature on the enclosure shall not exceed
90°C (194°F) for through-cord or direct plug-in types and 110°C (230°F) for all other types. These limits
apply to output short-circuit test conditions which continue 30 minutes or longer.

8.7.3.5 Each output is to be overloaded in turn. Each overload condition is to be conducted with the
output loaded to a current (I, ) equal to the rated current (Ig) plus X percent of the difference between the
maximum obtainable output current (l,ox) and the rated output current (Ig). In the tests, the values of X are
to be 100, 75, 50, 25, 20, 15, 10, and 5, in that order. If a load current results in continuous operation,
further tests need not be conducted. For each test, a variable resistance load is to be adjusted to the
required value and readjusted, if necessary, one minute after application of the source of supply.
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Exception: The alternate test method of 8.7.4 may be used for units that employ a:

a) Thermal link complying with the Standard for Thermal-Links — Requirements and Application

Guide,

UL 60691, or

b) Fuse complying with the Standard for Low-Voltage Fuses — Part 14: Supplemental Fuses, UL
248-14.

8.7.4 Output loading — alternate method

8.7.4.1

With reference to the Exception to 8.7.3.5, if the output short circuit test of 8.7.3.4 results in

opening of a thermal link or fuse, the alternate method of 8.7.4.2 or 8.7.4.3 may be performed in lieu of

8.7.3.5.

8742 If s
thermocouplg
rated trip tem
unitisto be o

8.74.3 Ifsh
the maximum
delivered thro

in which:
Iecist
IFR is 1

nisa
maxin

8.7.4.4 Whe
lrc (n = c) res
of the fuse p
sample is to i

8.8 Circuit

attached to its body. The load current is to be raised slowly until a tetmperaturs
berature of the device plus 5°C (9°F) is reached. Without further readjustment of
pberated for the remainder of the specified time length (7 hours or 15 days, as ap

prt circuiting causes opening of a fuse, the unit is to be tested with a load curren
current to flow in the fused circuit without opening the fuse. The maximum
ugh the fuse is to be determined by the following formula:

Lie = L1 (I) [1 +2(0:02)]

he fuse overload current,
he fuse current rating, and

0 integer that causes the unit to run such that I is able to be maintained at it
um current (7 hours or 15 days, as applicable).

ults in continuous operation, and one load condition where Izc (n = ¢ + 1) resul
ior to thesgpecified time length (7 hours or 15 days, as applicable). Prior to €
e at roamytemperature.

power limit measurement test

hort circuiting causes opening of a thermal link, the device is to(be’ shyinted and a

equal to the
the load, the
licable).

t that causes
current to be

s continuous

n conducting this-test, at least two load conditions are to be used; one load condition where

ts in opening
ach test, the

8.8.1

This test shall be used to determine if the power available to a circuit under any loading condition,

including short circuit, measured after one minute of operation exceeds a defined limit. For the purposes of
this test, the limit (for example, 15W or 50W) is referred to as PLIMIT. This test is applied to a circuit (under
evaluation) to determine if it has a power draw of PLIMIT or less.
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Figure 8.4

Connection of wattmeter
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8.8.2 The goint in the circuit under evaluation'is to be connected to the measurement circu|t as shown in
Figure 8.4. \[Vhile the circuit is operating with the anticipated normal load, the external adjustable load
resistor is refluced gradually to the point‘where PLIMIT is being dissipated. The load shall e re-adjusted
as needed tq maintain PLIMIT for one minute. If PLIMIT cannot be attained and maintained fpr one minute
under any lo@d condition, the test. shall be discontinued.

8.8.3 For 4| circuit without*a’designated current limiting device, a circuit component that ppens in less
than 1 minute at any pewer delivery level less than PLIMIT and that precludes delivery of PL|MIT for more
than one minute is considered to effectively limit the circuit output to less than PLIMIT, if the test can be
repeated twg additional times on new samples with comparable results.

8.8.4 For aleireuit-with-a-desighated-eurrentlimiting-device—a-closed-sherting-switeh-ste-be connected
across the current limiting device and the adjustable resistance is then to be reduced to result in a power
dissipation of exactly PLIMIT as indicated by the meter. The switch across the current limiting device is
then to be opened and the time required for the device to open is to be recorded. A current limiting device
that opens the circuit in less than 1 minute is considered to effectively limit the circuit output to less than

PLIMIT.

8.8.5 If the test is disrupted by the failure of other circuit components (i.e.: capacitor, diode, coil winding,
foil trace, etc.) then that test shall be repeated two additional times, with new samples, under the same test
condition. Test disruption by opening of the same, or a different, component during these repeated tests is
acceptable.

8.8.6 If the supply to the circuit under evaluation consists of other than a single resistor, the test
described in this section shall be repeated under any single component fault conditions within the supply
circuit likely to result in greater output power availability. The fault condition shall first be applied, and then
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the variable resistance load shall be adjusted as needed. A new sample shall be used for each component
fault.

Exception: Components whose reliability against failure has been deemed acceptable by a separate
investigation shall not be faulted. Examples of such components: Optical isolators evaluated to Standard
for Optical Isolators, UL 1577; Capacitors evaluated to Standard for Safety Requirements for Fixed
Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-14; etc.

8.8.7 If there is any indication of component overheating during any of the tests described in 8.8.2 —
8.8.6 (i.e.: odor, smoke, discoloration, glowing, cracking, melting, or changes in circuit current through the
fault), the test condition shall be repeated as part of the Component Failure Testin 8 7.2

8.9 Leakagp current measurement test

8.9.1 A unit
Leakage curr

connected to a branch circuit supply voltage shall be tested in accordance witH this section.

ent shall not be more than:

a) 0.5|MIU for units connected to a supply voltage of 150 volts or less)to ground,

b) 0.7% MIU for units connected to a supply voltage of greaterthan 150 volts to ground

Exception: Tq
connection is|
to a fixed sup
with 9.3.7.

8.9.2 Allac
parts areto b
simultaneous
hands of a pe
that are not ¢
together and
measured be

893 Ifac

current is to be measured using a metal foil with an area of 10 by 20 cm (4 by 8 in) in cor
surface. If thg conductive surface has an area less than 10 by 20 cm (4 by 8 in), the metal fo
same size as|the surface. The metal foil is to conform to the shape of the surface but is notf
place long enpugh+to affect the temperature of the product.

address end-product standards where a measuftement is not required whe
fixed, this test can be waived when a unit is 1).intended to be connected and g
ply connection based on manufacturer installation instructions and 2) marked il

essible conductive parts are to be tested for leakage currents. Leakage curren
e measured to the earth ground as depicted in Figure 8.5 individually as well as
y accessible, and from one part-to another if they can be readily contacted by
rson at the same time. These measurements do not apply to terminals operatin
onsidered to involve a fisk of electric shock. If all accessible conductive parts

ween the grounding-conductor of the product and the grounded supply conductd

nductive part, other than metal is used for an enclosure or part of an enclos

n the supply
rounded only
) accordance

s from these
collectively if
one or both
g at voltages
are bonded

connected to the grounding conductor of the power-supply cord, the leakage clirrent can be

r.

ure, leakage
tact with the
il is to be the
to remain in

8.9.4 The measurement circuits for leakage current is illustrated in Figure 8.5. During the test the
grounding connection from the unit is left open and not connected to the grounding conductor of the

branch circuit

supply.

Note — Refer to Appendix B for additional information regarding the circuit in Figure 8.5.

8.9.4.1

The meter input network is defined in Figure 8.6. The meter that is actually used for a

measurement need only indicate the same numerical value for a particular measurement as would the
defined instrument; it need not have all the attributes of the defined instrument. Over the frequency range
20 Hz to 1 MHz with sinusoidal currents, the performance of the instrument is to be as follows:

a) The measured ratio V4/I; with sinusoidal voltages is to be as close as feasible to the ratio V,/I,
calculated with the resistance and capacitance values of the measurement instrument shown in

Figure 8.6.
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b) The measured ratio V4/l; with sinusoidal voltages is to be as close as feasible to the ratio V,/l,
calculated with the resistance and capacitance values of the measurement instrument shown in
Figure 8.6. V3 is to be measured by the meter M in the measuring instrument. The reading of meter
M in RMS volts can be converted to MIU by dividing the reading by 500 ohm and then multiplying
the quotient by 1,000. The mathematic equivalent is to simply multiply the RMS voltage reading by

2.
Figure 8.5
Circuit for leakage current test
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8.9.5 Unless the measurement instrument is being used to measure leakage current from one part of a
unit to another, it is to be connected between accessible parts and the grounded supply conductor.

8.9.6 The sample unit is to be tested for leakage current without prior energization, except as may occur
as part of the production-line testing. The supply voltage is to be adjusted to rated voltage. The test

sequence is to be as follows, with reference to the Figure 8.5 measurement circuit:

a) With switch S1 open, the unit is to be connected to the measurement circuit. Leakage current is
to be measured using both positions of switch S2, and with the unit switching devices in all their
normal operating positions.

b) Switch S1 is then to be closed, energizing the unit. Within 5 seconds, the leakage ¢y
measuyred using both positions of switch S2 and with the unit switching devices in“al
operafing positions.

c) Legkage current is to be monitored until thermal stabilization. Both positions of swi
be usgd in determining this measurement. Thermal stabilization is to.be obtained by of
the normal temperature test.

8.9.7 Usingla commercially available meter having the network shéwn in Figure 8.6 or built

rrent is to be
their normal

fch S2 are to
beration as in

o conform to

the Standard [for Leakage Current for Appliances, ANSI C101, megts the intent of these requifements. The
meter is to be| set to “reaction” curve.

8.10 Cord gtrain and pushback relief test

8.10.1 A supply cord shall be subject to a pullingsforce of 156 N (35 Ibf) applied for 1 min |n a direction

perpendicula

8.10.2 Follo
emerges fron
it is to be rem
out by holdin
until the cord

8.10.3 Afie

a) For|
unit, W

to the plane of entrance into the unit:

wing the test of 8.10.1, the supply cord is to be gripped 25.4 mm (1 in) from the

the product. When a remievable bushing that extends further than 25.4 mm (1 i
bved prior to the test. When the bushing is an integral part of the cord, the test is
h the bushing. The cord'is to be pushed back into the product in 25.4-mm (1-in
buckles, or the force applied exceeds 26.7 N (6 Ibf).

d wiring lead-wire shall be subject to an applied force as follows:

a unit\with leads extending from the enclosure — 89 N (20 Ibf) or four times the
hichever is less but not less than 22 N (5 Ibf), for a period of 1 minute.

boint where it
n) is present,
to be carried
) increments

weight of the

b) Fo

a unit with teads focatedwithima wiring compartment — 445 N (10 1bfjor f

ur times the

weight of the unit, whichever is less but not less than 22 N (5 Ibf) (per lead) for a period of 1 minute.

8.10.4 The results of 8.10.1 — 8.10.3 shall exhibit no:

a) Movement of the flexible cord more than 1.6 mm (0.063 in),

b) Movement of a lead wire that indicates stress was applied to internal connections,

c) Damage to conductors, connectors, or other components, or loosening of connections inside the
enclosure of the unit, or

d) Exposure of the supply cord or lead wire to temperatures higher than for what they are rated.
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8.11 Security of output terminals

8.11.1 A wire-binding screw terminal having fewer threads or lesser thickness than required by 7.4.2.3.5,
or that relies upon a lockwasher to prevent turning per 7.4.2.3.7, shall be subject to 100 cycles of
conductor connection and disconnection as described in 8.11.2.

8.11.2 The appropriate wires are to be inserted, and the tightening torque specified in Table 8.4 is to be
applied for 10 seconds to the terminals. The screw terminals are then to be loosened fully. Following 100
cycles, the screw terminals shall not turn or exhibit any signs of damage.

Table 8.4
Tightening torque for wire-binding screws
Size of terminal screw Wire sizes to be tested Tightening torgue
mm No. AWG (mm?) N-m (Ibf-in)
3.5 6 16-22 (1.3-0.32)° 04 (12)
14 (2.1)°
4.0 8 1.8 (16)
16 -22 (1.3-0.32y°
10— 14 (5.3-2.1)°
5.0 10 23 (20)
16-22 (1.3-0.32)
@ Stranded
® Solid wire

8.12 Insulgtion-piercing connection thermal cycling test

8.12.1 Six Winits shall be assembled to conductors of the size and type for which they are |ntended. The
temperature |of the insulation-piercing terminal connections shall be monitored continuously for seven
hours while ¢arrying the maximum rated-load. The units shall then be subject to 180 cyclds at a rate of
3-1/2 hours gn and 1/2 hour off (the off-eycle time may be extended for the convenience of measurement),
while continding to monitor the temperatures of the insulation-piercing terminal connections | After the last
cycle, the units shall be energized\for a period of seven hours, while still monitoring temperaturres.

8.12.2 Temperatures of the-insulation-piercing terminal connections on each LED unit at the end of the
test shall not|be more than:30°C (54°F) higher than the temperatures measured on the same unit after the
initial seven |hours of<Bperation. At no point during the testing shall the temperature of apy insulation-
piercing ternfinal connéection exceed 90°C (194°F).

8.13 Adhesive supporttest

8.13.1 An adhesive relied upon to secure a part to another part shall have sufficient strength to withstand
a pulling force equal to five times the weight of the supported part after the conditioning described in
8.13.2.

8.13.2 The adhesive secured parts shall be conditioned at 23°C (73.4°F) for 48 hours. They shall then be
placed in an air-circulating oven at the temperature and for the time specified by Table 8.5. The adhesive
rating temperature shall be based on results from the temperature test of 8.3; the associated conditioning
time shall be by mutual agreement of the parties.
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Table 8.5
Adhesive support oven temperature and time
Oven temperature, °C
Adhesive rating, °C 300 h (12.5 d) 720 h (30 d) 1000 h (42 d) 1440 h (60 d)
60 125 115 110 100
75 145 135 125 10
90 160 150 140 130
105 180 170 160 145
130 200 190 180 170
155 220 215 205 195
180 245 235 230 22D
200 280 265 255 24p
290 295 285 275 26p
240 N/A 300 290 28p
8.13.3 After] conditioning, the sample is to be removed from the oven‘and allowed to ¢ool to room
temperature. |A separating force shall then be evenly applied for one minute, perpendicular tp the primary

axis of the ad

8.14 Envirgnmental tests

8.14.1 Humidity exposure

8.14.1.1
having a relat
the dielectric

8.14.1.2 AU

8.14.2 Water exposure

8.14.21
accordance W

8.14.2.2 Aft

shall be repeated. There shall be no breakdown as a result of the dielectric voltage withstand

A Uinit intended for use in damp or wet locations shall be exposed for 168 hourg

A Unit intended for use in wet locations shall be subjected to a simulated rain

hesive joint. The parts shall remain secured together.

ive humidity of 88 +2 percent at a temperature of 32.0 +2.0°C (89.6 +3.6°F) to b
Voltage withstand test of 8.6.

nit intended for wet locations is to be tested for water exposure in accordance w

ith 8.14.2.4 +8.14.2.6.

br the exposure, outer surfaces shall be dried and the dielectric voltage withsta

to moist air
e followed by

th 8.14.2.

produced in

hd test of 8.6
est.

8.14.2.3 After the dielectric voltage withstand test of 8.6, the unit shall be carefully opened to determine if
water entered. There shall be no water in contact with electrical parts, except for components suitable for

the condition.

8.14.2.4 During the test the unit is to be oriented in the position that is most likely to result in the wetting
of live parts, or in accordance with orientation markings specifically provided for the purpose.

8.14.2.5 The rain test apparatus shall consist of three spray heads mounted in a water supply pipe rack
as shown in Figure 8.7. Spray heads are to be constructed in accordance with the details shown in Figure
8.8. The assembly is to be positioned in the focal area of the spray heads so that the greatest quantity of
water is likely to enter the component. The water pressure is to be maintained at 34.5 kPa (5 psi) at each

spray head.
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Figure 8.7
Spray head piping
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Figure 8.8
Spray head assembly
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31.00 (1.219) M 2.38 (0.094)
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L 6.35 (0.250)
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8.14.2.6 The assembly shall be subjected to the water spray for a total of 4 hours. During the 4 hours the

assembly is to be energized and de-energized in the following sequence:

Test duration, h Test period, h Operational Water
0-1.0 1.0 On Off
1.0-15 0.5 Off On
1.5-3.5 2.0 On On
3.5-4.0 0.5 Off On

8.15 Mechanical strength tests for metal enclosures

8.15.1 An ¢
withstand thq

a) Wi
in 7.8

b) Wi
Class

c¢) Without development of openings that expose parts that involve a risk of electric s

Any ¢
7.2.

8.15.2 The
means ofa s

8.15.3 The
means of a s

nclosure part that is required by other parts of this standard to comply with this
two tests, in sequence, described in 8.15.2 and 8.15.3:

hout permanent distortion to the extent that spacings are reduced below the va

hout transient distortion that results in contact with live parts.other than those c
2 or LVLE circuit, and

penings resulting from the test are to be judged under the requirements for al

enclosure part is to be subjected to a 111N (25 Ibf) for 1 minute. The force is to
feel hemisphere 12.7 mm (1/2 in) in diameter.

enclosure part is to be subjected-to an impact of 6.8 J (5 ft-Ib). The impact is to
mooth, solid, steel sphere 50.8 mm (2 in) in diameter and having 535 g (1.18

section shall

ues specified

pnnected in a

hock or injury.
ccessibility of

be applied by

be applied by
b) mass. The

sphere is to fall freely from rest through.a‘vertical distance of 1.29 m (51 in).
8.16 Determination of low-voltage, limited-energy circuit status

8.16.1 LVLE circuits shall belimited in available current and voltage values as noted below, when tested
according to pther requirements of 8.16:

a) 8 amps forf.avoltage up to 42.4 V peak ac or 30 V dc, or

b) 150/\V'amps for a voltage between 30 — 60 V dc.

8.16.2 The input to the source under evaluation shall be connected as intended in the end product. The
output to the circuit under evaluation shall be connected to a variable resistance load. If the source under
evaluation has multiple outputs, all other outputs shall be open-circuited. The output voltage to the circuit
under evaluation shall first be measured under open circuit conditions. The variable resistance load on the
output under test shall then be adjusted from open circuit to short circuit until an available current of 8 A
can be obtained and sustained for one minute of operation. If 8 A cannot be sustained for one minute
under any condition of load, the test shall be discontinued.

8.16.3 When a secondary fuse or similar device is used to limit the output current to the circuit under
evaluation, it shall be rated as indicated in Table 8.6. Any value may be used for a primary fuse; however,
the maximum available output current levels shall be maintained. A fuse replacement marking (voltage
and current rating) shall be provided adjacent to any fuse relied upon to limit the output current level, per
9.3.2.
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Table 8.6
Output limiting secondary fuse

Open circuit potential, V., or DC

Maximum fuse rating, amps

0-20 5.0

>20-60 100 / Vipeqye OF DC

8.16.4 When a fixed impedance or regulating network is used to limit the voltage and/or current, it shall
limit the voltage and current accordingly under any single component fault condition.

8.17 Knock

out secureness test

8.17.1 A fon
diameter mar
direction perp

8.17.2 The
shallbe nom

8.18 Abnori
8.18.1 Two
a) The
switch
b) The
8.18.2 The
requirements
7.9.3 using r

endurance te

ce of 44 N (10 Ibf) shall be applied to a knockout for 1 min by means of a'6,4
drel with a flat end. The force shall be applied to the exterior surface 6f the k
endicular to the plane of the knockout, and at the point most likely to result in mg

knockout shall remain in place, and the clearance between the ‘khockout and
bre than 1.6 mm (0.063 in) when measured after the force has'‘been removed.

mal switching test

est samples are prepared and connected as follows:

ing.

general abnormal test procedures described in 8.7.1.1 are followed as applicab

brepared test samples shall be‘operated in accordance with the applicable en
in the Standard for Industrial,;Control Equipment, UL 508, based on the load ty
andom switching. The testvsamples shall be operated until either the requirg
5t cycles is achieved or until ultimate results are demonstrated for 1 hour stabiliz

8.18.3 Imm

voltage withsfand test of 86.

8.18.4 The ¢ontrol shall either operate as intended in accordance with the endurance test r|
or demonstrate an<end-of-life fail safe condition with no evidence of an imminent electrical
injury to persons:Fhere shall be:

diately after each-abnormal switching test, each control shall be subjected to

mm (0.25 in)
nockout, in a
vement.

the opening

trigger circuit of the electromechanical relay, is to be removed or modified to allow random

le.

durance test
pes noted in
d number of
ed duration.

the dielectric

equirements,
shock, fire or

a) No opening of the ground arc detection fuse.

b) No emission of the flame or molten metal, or ignition of the cheesecloth.

¢) No opening of the branch circuit protection device.

d) No breakdown during the post-dielectric withstand testing.

8.19 Metal enclosure for conduit connection - rigidity

8.19.1
to the wood p

anel. The panel dimensions shall extend beyond the junction box.

8.19.2 All enclosure covers shall be removed.

The enclosure shall be secured on a 12.7-mm (0.5-in) thick wood panel so that it is rigidly affixed
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8.19.3 The weight specified in Table 8.7 shall be attached to a conduit fitting that has been installed to
the enclosure so the force is applied from inside the enclosure at the point most likely to result in
deformation. The weight is attached by a wire or cord so that it does not contact any surface of the
enclosure.

8.19.4 After 2 min, the weight shall be removed and any permanent deformation from the original shall
be measured.

Table 8.7
Deformation forces
FOTTE (ID)
Number of cohductors in or out 12 AWG 14 ANG
1or2 15 14
More than 2 30 16

8.19.5 Permanent deformation of the enclosure, its hardware, or its attachment to the lumifaire shall not
exceed 3.2 nim (0.125 in).

8.20 Metallenclosure for conduit connection — snap-in or tab-mounted parts pull test

8.20.1 A length of rigid conduit shall be connected to the opening in the enclosure part to hje tested. The
total length of exposed conduit shall be 305 mm (12 in).

8.20.2 Whgn the enclosure is intended for conduit connection, a 133-N (30-Ib) force shall b¢ applied for 1
min at the end of the conduit in a direction perpendicular to the plane of the enclosure part bejng tested.

8.20.3 A 45-N (10-lb) force shall be applied.for 1 min at the end of the conduit in a direction |parallel to the
plane of the ¢nclosure part being tested and-in the direction most likely to dislodge the enclosure part.

8.20.4 Befqre and after each test, the enclosure shall comply with the bonding circuit impgdance test of
8.21.

8.20.5 Afte[ each test, (the“enclosure part shall remain attached to the enclosure, arld permanent
deformation pf the enclesure or its parts shall not exceed 3.2 mm (0.125 in).

8.21 Bonding circuit impedance test

8.21.1 Thetestapparatus—stat-beanmohmmeterorsimitarindicating-instromentcapabte of measuring
0.10 Q. The measured resistance between the point of connection of the branch circuit equipment
grounding conductor and any non-current carrying metal parts of the enclosure shall not exceed 0.10 Q.

8.21.2 If the resistance measured in 8.21.1 exceeds 0.10 Q, the test of 8.21.3 shall be conducted.

8.21.3 The test apparatus shall consist of an indicating instrument and an ac or dc power supply of
approximately 12 V providing a current of 30 A through the bonding means being evaluated. The
measured voltage between the point of connection of the branch circuit equipment grounding conductor
and any non-current carrying metal parts of the enclosure shall comply with 8.21.4.

8.21.4 The test of impedance shall be performed by passing a 30 A current from a part to be grounded to
the grounding terminal means for a period of 2 min and measuring the potential drop between them at the
end of the period.
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8.21.5 When tested in accordance with 8.21.4:
a) The resulting voltage drop shall not exceed 4.0V,
b) There shall be no melting of any conductor or metal in the bonding circuit, and

c) There shall be no heating or burning that is likely to create a fire hazard.
8.22 Ground-screw assembly strength test

8.22.1 A 12 AWG (3.31 mm?) solid-copper, insulated conductor shall be stripped to a length of 2.5 cm (1
in) minimum. The wire shaII be wrapped around the screw under the screw head SO that it makes a
minimum 18(Q ' . i ] npies provided to
align the condluctor with the matlng surface. The ground screw shall be tlghtened with accalitrated torque
screwdriver t¢ 1.6 N-m (14 Ib-in).

8.22.2 Wheh tested as described in this section, there shall not be:

a) Damage to the head of the ground screw which would prevent the 1.6 N-m (14 Ib-in) of
tightening torque to be achieved, or

b) Stripping of the ground screw assembly.
8.23 Bonding conductor tests

8.23.1 The bonding conductor path described in 7.2A.2.7 shall be subjected to the following [tests.

a) A test current of 40 amperes for 2 minutestResults are acceptable if the bonding cpnductor can
carry this current for this duration. Also se€\8.23.5 for additional acceptable results criteria; and

b) A limited-short-circuit test accordingto 8.23.2 — 8.23.4. Results are acceptable iff the bonding
condugtor can carry the current @ntil the fuse described in 8.23.3 opens. Also sge 8.23.5 for
additignal acceptable results cfiteria.

Separate samples are to be used:for each test, unless use of the same sample is acceptablel to all parties
involved.

8.23.2 The ynit shall be-prepared per 8.7.1.1 items (b) to (d) and (g).

8.23.3 The bonding conductor path shall be subjected to this test using the test current tabulated in Table
8.8 while conpected in series with a 20A fuse as described in 8.7.1.1(f).

8.23.4 The test circuit is to have a power factor of 0.9 — 1.0 and a closed-circuit-test voltage equal to the
maximum rated input voltage of the unit. The open-circuit voltage is to be 100 — 105 percent of the closed-
circuit voltage.

8.23.5 During and following the test, the test shall not result in:
a) Emission of flame, molten metal, glowing or flaming particles through any openings;
b) Charring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth;
c) Ignition of the enclosure;

d) Creation of any openings in the enclosure that results in accessibility of live parts;
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e) Evidence of degradation or separation of the trace from the printed-wiring board (when
provided); or

f) Opening of the bonding conductor path or its solder connection.

Table 8.8
Circuit capacity for bonding conductor limited short-circuit test
Rating of unit, volt-amperes Volts Capacity of test circuit, amperes
0-1176 0-250 200
0-1176 251-600 1000
1177 — 1920 0-600 1000
9 Markings
9.1 Generdl
9.1.1 A unif intended to be used in an application identified by one of the-standards specifi¢d in 1.3 shall
comply with|the marking requirements of that standard. If an end-Use application is nof specified or
identified, or|if a construction or performance related marking of th€ unit is not covered by|the identified

standard, thq

912 Ama
following me

unit shall comply with the marking requirements of this section.

hods:

a) Letftering on a pressure-sensitive label,

b) Pa
c) Ink|
d) Ink
e) Ind

f) Die

nt stenciled lettering,
-stamped machine lettering,
-hand-stamped lettering,
elibly printed lettering,

stamped lettering,

g) Embossed, molded, or cast lettering, raised or recessed a minimum of 0.010 in

depth

h) Etd

rking shall be legible, with minimum 1.6 mm (0:062 in) lettering and use one g@

r more of the

(0.25 mm) in

had lattaring
Rec1etweHAg;

i) Ink-jet lettering,

j) Las

er engraving, or

k) Silk screening and transfer printing.

Exception: Identification and ratings markings in 9.2 are not subject to the minimum letter height

requirement.

9.1.3 Pressure-sensitive labels and nameplates of the permanent type that are secured by adhesive
shall comply with the Standard for Marking and Labeling Systems, UL 969, and be suitable for the
mounting surface material and temperature involved, and the environment to which it will be subjected.
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9.1.4 Markings in this section are to be applied on the product, unless the specific clause provides other
options (e.g. markings in an instruction sheet, or smallest unit container in which the product is packaged).

9.1.5 Markings permitted to be in an instruction sheet may be alternatively (or additionally) provided via a
publicly accessible web site, if the equipment is marked as follows; See (specific URL or QR code inserted
here) for additional supporting information for this product.

9.1.6 Markings that are provided in an instruction sheet (or a website), shall be sized in proportion to the
other text presented in the same area.

9.1.7 When the product is evaluated per a Supplement in this standard, markings in this section apply
a|ong with additicnal mgrl{inge intho Qllpplnmnnf

Exception: This requirement does not apply to Supplement SD — LED packages.

9.1.8 When|the product is evaluated per a Supplement in this standard, the required product markings
from the Supplement are not subject to the minimum letter height requiremeénts in 9.1.2 @xcept where
otherwise noted.

9.2 Identifigation and ratings

9.2.1 All units shall bear the following markings:
a) Corhpany name,
b) Model designation,

c) Fagtory identification or code, for any:cemponent produced or assembled at more than one
factory, and

d) Date of manufacture.

| 9.2.2 LED qontrollers shall be provided with markings (a) through (e). LED drivers and power sources
shall be provifled with markings_(a)through (d):

a) Enyironmental suitability (dry, damp, or wet location),

b) Inplit supply-limitations (e.g., Class 2 input only), if applicable,

c) Inppt supply ratings: Voltage (V), Nature of supply (AC or DC; Constant Currenf or Constant
Voltage), Frequency (if applicable), Current (A), and Power (W),

Note 1: For LED drivers with a feedthrough receptacle, input supply ratings shall include the current/ power draw from the
feedthrough output.

d) Output ratings: Voltage (V), Nature of supply (AC or DC; Constant Current or Constant Voltage),
Frequency (if applicable), Current (A). and Power (W), and

Note 2: Feedthrough receptacles are treated as an output of the LED driver in this standard.

Note 3: When the output can be programmed, ratings ranges for each parameter shall be provided on the product.

e) Output load type(s) for LED controllers.

| Exception No. 1: For built-in products, this information may be provided in an instruction sheet.
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Exception No. 2: When the device is marked for a specific load (i.e. by manufacturer’s name and model
number), items (d) and (e) are omitted.

Exception No. 3: When the device includes a light source (i.e. light engine) and has no supply output,
items (d) and (e) are omitted.

9.2.3 Each output of a power source or controller intended to supply a Class 2 circuit shall comply with
7.12 and be marked “Class 2.”

| 924 Deleted

TN

| 025 AnLE

a) En
b) Inp

c) Inp

Exception: F

9.2A Instry

9.2A.1 LEC
function, ele

hardware, wi
and lighting 9

B-array-tmodute)-shattbe-marked-with-the-fottowing:
vironmental suitability (dry, damp, or wet location),

ut limitations (i.e., Class 2 input only), if applicable, and
ut supply ratings:

1) For constant voltage: voltage, nature of supply (AC, DC), power (W), and
applicable).

2) For constant current: current, nature of supply)(AC, DC), power (W), and
applicable).

Dr built-in products, this information may be-provided in an instruction sheet.

ction sheet

equipment shall be provided ‘with an instruction sheet to describe the follow
trical and environmental logation ratings, recommended installation method(s)
ring diagrams and any other information necessary for proper integration into L
ystems.

9.2A.2 Wh

technical detgils to identify, the relationship between the programmed output parameters sha
in the instrugtion sheety(e:g. a curve or table that clarifies how output voltage will vary bas
current setting).

9.3 Construction-related markings

n the output of-a_LED controller, LED driver, or a power source can be prog

frequency (if

frequency (if

ing; intended
and mounting
ED luminaires

rammed, the
Il be provided
sed on output

9.3.1

following information:

a) For releasing the wire from the terminal connection,

b) The intended wire size(s),

¢) Whether the terminal is intended for both solid and stranded or just solid wire,

d) The length to strip the insulation from conductors, and

e) The terminal relationship to the internal circuitry.

The instruction sheet for a unit that employs push-in terminals shall additionally include the
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9.3.2 Where required, a fuse replacement marking shall be provided on or adjacent to the fuseholder,
and shall identify the appropriate fuse type and ampere rating.

9.3.3 When the temperature on any surface within a terminal compartment or splice compartment
exceeds 60°C (140°F) during the temperature test of 8.3, a unit shall be marked with the following
statement or the equivalent, located so that it is readily visible when connections are made: “For
Connections Use Wire Rated for at Least ,” in which the temperature is to be either 75°C (167°F) or
90°C (194°F) as determined by the temperature test.

9.3.4 Deleted

9.3.5 Deletgd

9.3.6 A mefal enclosure for conduit connection that is not intended for pulling céndlcjors shall be
marked "FOR CABLE USE ONLY — NOT FOR PULLING WIRES" or equivalent.

9.3.7 When|the Exception to 8.9.1 has been applied, the unit shall be marked\"For use in|permanently

connected (fi

Exception: Fq

9.3.8 LED (
marked:

a) “Ma3
units f|

b) “M4

9.3.9 Thein
in a receptac
output rating
supplied from
etc.).

ed) equipment only" or the equivalent.

r built-in products, this information may be provided in thelinstruction sheet.

rivers with a feedthrough receptacle (or a supply‘cord terminating in a receptg

x ‘X’ model Y’ units”, where the ‘X’ identifie¢s the maximum permitted numbs
'om the same manufacturer, and ‘Y’ identifies the model number, and/or

x ‘X" amps” or “Max ‘X’ watts”, wherevX” identifies the maximum permitted elect

struction sheet for a LED driver with a feedthrough receptacle (or a supply cor
e) shall include the manufacturer's recommendations for its proper use (e.g. i
5 and maximum electrical load (current, power), acceptable number of units
the same supply sdurce, considerations for load distribution, cumulative leak

cle) shall be

r of identical

ical load.

d terminating
htended use,
that can be
hge currents,
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SUPPLEMENT SA - REQUIREMENTS FOR SAFETY-RELATED ELECTRONIC CIRCUITS
SA1 Scope

SA1.1 These requirements apply to safety-related electronic circuits. Bold text in Section SA3 identifies
defined terms from Section SA2.

SA1.2 These requirements are not intended to serve as the sole basis for evaluating risk. End-product
requirements may amend or supersede these requirements, as appropriate.

SA2 Definitions

SA2.1 CRIj
component 1
cause the dd
standard. An
circuit fault d
product stan

[ICAL CONTROL FUNCTION - A function performed by a discrete com
etwork whose primary purpose is normal operation of the product, but whosg
vice to exceed the electrical or thermal limits for normal operation as defined|in its product
example would be a dimming function that operates by controlling output current, where a
auses the device to exceed the maximum acceptable temperaturg ‘limits defingd in the end-
lard (e.g.: normal temperature test).

ponent or a
failure could

SA2.2 CRITICAL FAILURE (MODE) — A software or hardware fault which.can result in a risk.

SA2.3 PRQDUCT - The device into which the safety-related electronic circuit is integrated.

SA2.4 PR(Q
the design cz
which one ¢

discrete con
instructions i

GRAMMABLE COMPONENT — Any microelectronic hardware that can be programmed in
nter, the factory, or in the field. Here the term‘programmable” is taken to be “gny manner in
n alter the software wherein the behavior ©f the component can be altered.” [This includes
nponents (e.g.: microcontrollers, memory storage ICs) that store or exegute software
n response to thermal or electrical conditions.

SA2.5 PRQTECTIVE COMPONENT — A discrete component or component network that has been
separately ejaluated to reliably perform_a ‘protective function. Examples of such compohents include
thermal protectors evaluated to the Standard for Automatic Electrical Controls for Household and Similar

Use, Part 2
evaluated to

SA2.6 PRC

network relig|

a) Li

the Standards for Low-Voltage Fuses, UL 248, series of standards.

TECTIVE FUNCTION — A function performed by a discrete component g
d upon to reduceisk during abnormal operating conditions. Examples include fu

it or reddce power in response to elevated ambient conditions or discret

9: Particular Requiremgnts for Temperature Sensing Controls, UL 60730-2¢

9 and fuses

r component
nctions that:

e component

failures, analoegous to the function of a thermal protector in recessed luminaires,

b) Di ccess panel,

hot surface or

connect power in response to the openlng of a service compartment 3

high voltage cwcwt durlng malntenance

c¢) Limit or reduce available voltage or current at accessible terminals during routine maintenance,
such as at the pins of a lamp or lamp holder during lamp replacement, and

d) Maintain electrical outputs within limits defined as non-hazardous during abnormal operation,
such as those defined for Class 2 or low-voltage limited-energy (LVLE) power sources.

SA2.7 RISK — The unacceptable potential for fire, electric shock, or injury to persons as defined by the
product standard of the device being evaluated.

SA2.8 SAFETY-RELATED SOFTWARE — Computer programs, procedures, and data resident on the
hardware or remotely interactive with the hardware pertaining to the operation of a programmable
component that provides safety-related elementary functionality as follows:
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SA2.9

control or prptective functions. These circuits may incorporate any combination ofract
programmablg, and protective components or semiconductors.

a) Exercises direct control over the state of microelectronic or product hardware. When not
performed, performed out of sequence, or performed incorrectly, such programs, procedures, and
data are capable of resulting in a risk.

b) Monitors the state of microelectronic or product hardware. When not performed, performed out
of sequence, or performed incorrectly, such programs, procedures, and data provide data that is
capable of resulting in a risk.

c) Exercises direct control over the state of the microelectronic or product hardware. When not
performed, performed out of sequence, or performed incorrectly, such programs, procedures, and
data are capable of, in conjunction with other human actions, product hardware or environmental
failure, resulting in a risk.

SAFETY-RELCATED ECECTRONIC CIRCUIT — An electronic circuit that implemenis|one or more

ve, passive,

SA3 Gener

SA3.1 To e
circuits (SRE

Exception: SRECs that comply with SA3.2 and SA3.3 are exempt from this requirement.

SA3.2 Ade

a) All
or intg
circuit

b) All ¢
the cr|

applie

functipn to work properly. Thissassessment does not require an analysis of the sq

rather
(comp

SA3.3 If thg
shall be cong
applied, in tun

C) shall be subject to the reliability evaluation in SA4.

5ign review of the SREC shall be conducted to determine if all the conditions bel
critical failure modes that can occur in theSREC hardware due to any discret

grated circuit fault can be identified, simulated and applied via a suitable FN
analysis methods (complexity of the cireuit);

tical control function or protective function of the SREC can be identified, s
H to determine if the softwareé-is relied upon for a critical control function g

this is an analysis of\all critical failure modes of the SREC due to so
lexity of the circuit and software);

design review in"SA3.2 indicates that all of the conditions are true, then all

n, in the manner likely to result in the most adverse operating condition for each

hsure an acceptable level of circuit redundancy or supervision; safety-related electronic

bW are true.

e component
\EA or other

critical failure modes that can occur’in the SREC due to a software fault or defgct that affect

mulated and
r protective
ftware itself;
ftware faults

broduct tests

ucted using‘special samples with each of the critical failure modes identiffed in SA3.2

test.

(e.g.

a) Th
eitherE

singlescomponent faults or simulated software faults (critical failure mod

mperatures above permissible limits; voltage, current or power levels abov

es) applied to
critical control function or protective function shall not lead to unacceptabfe test results

permissible

limits at a Class 2 output; etc.) or create a risk during any applicable test outlined in UL 8750 or the
end-product standard. See (b) — (d) below for additional details.

b) When the product test is an abnormal condition test, this SREC fault is in addition to the
component faults or abnormal conditions required by the test.

¢) The product under test need not function normally during these tests provided there is no risk.

d) Testing will require consideration for several critical failure modes and the fault type may differ
from test to test. To manage the total number of test conditions, based on the design review, tests
that will represent the most onerous conditions can be selected.
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SA4 Reliability Evaluation

SA4.1 Safety-related electronic circuits shall be evaluated to the requirements of the Standard for
Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; including Annex H:
Requirements for Electronic Controls. Safety-related electronic circuits that do not rely on safety-related
software need not comply with Clause H.11.12.

SA4.2 When a product contains a safety-related electronic circuit intended to provide the function of
thermal protection in recessed luminaires, it shall additionally comply with the Automatic Electrical
Controls for Household and Similar Use, Part 2-9: Particular Requirements for Temperature Sensing

Controls, UL

60730-2-9.

SA4.3 In referenceto—SA4t—andtuntess opcuiﬂua“y stperseded by aretevantPart—2-standard, the
following parpmeters apply from Annex H in the Standard for Automatic Electrical Contrels for Household
and Similar Use, Part 1: General Requirements, UL 60730-1:
a) Safety-related software shall be evaluated as Software Class B.
b) The Thermal Cycling test shall be performed using the ambient operating tempegrature range
desighated by the manufacturer or the temperature parameters below, whichever are more severe:
1) The lower parameter shall be -35°C (-31°F) for wet\location products, 0°C (32°F) for
damp location products, and 10°C (50°F) for all otherproducts; and
2) The upper parameter shall be 40°C (104°F).
¢) WHen evaluating for compliance with the EMC Requirements — Immunity:
1) Protective circuits are considered Type 2 Protective Controls; and
2) Critical control circuits are considered Type 2 Operating Controls.
d) The Test of Influence of Voltage Unbalance is not applicable.
e) For the Ring Wave test, use Overvoltage Category .
f) The Test of Influence of Supply Frequency Variations is not applicable if the pafety-related
electrpnic circuit does notrely on the power line frequency for timing or control.
g) THe Power Frequency Magnetic Field Immunity test is not applicable if the pafety-related
electrpnic circuit.dees not rely on Hall-effect devices, such as current-sensing transformers.
SA4.4 Withregardito the Evaluation of Compliance in Annex H:
a) THe\requirements in the product standard applicable to creepage, clearance and dielectric

voltage withstand shall be used when they are more severe; and

b) As a result of each test, the product incorporating the safety-related electronic circuit shall not
exhibit a risk and either:

1) Continue to function as intended with no degradation to the critical control or protective

functions (i.e.: normal performance with no loss of protective functions);

2) Cease to function, with normal function restored by an automatic, user-resettable or user-

replaceable protective component or function such as an automatic or

manual-reset

protector, a fuse replacement, or cycling the power to the product (i.e.: loss of protective

function with safety shut down); or

3) Cease to function permanently.
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SUPPLEMENT SB - REQUIREMENTS FOR TYPE HL LED DRIVERS
SB1 Scope

SB1.1 This Supplement has explosion protection by encapsulation requirements for LED drivers that are
intended for use in a Class I, Division 2 hazardous (classified) location luminaires. LED drivers which meet
the requirements in this supplement are identified as Type HL.

Note: These requirements provide only one option for evaluation of LED drivers that are intended for use in hazardous (Classified)
location luminaires. LED drivers that do not comply with the requirements of this Supplement can be evaluated for hazardous
(classified) location applications per alternate requirements in the Standard for Nonincendive Electrical Equipment for Use in Class |
and I, Division 2 and Class lll, Divisions 1 and 2 Hazardous (Classified) Locations, ANSI/ISA-12.12.01. These alternate

requirements provide options for compliance that cannot be addressed by this Supplement.

SB2 Cons]ruction

SB2.1 ATy

SB2.2 Dele
SB2A Exp

SB2A.1 A1
parts are full
this Supplen
the flammab

SB2A.2 Pa
capacitors, p
wiring board
reason, incld
potting comp
such an ante
for Nonincen
Hazardous (

SB2A.3 Pa
following:

a) Co

pe HL LED driver shall comply with all applicable construction requirements of th
ted
osion Protection by Encapsulation Construction

['ype HL LED driver provides a Class |, Division 2 means for explosion proteq

encapsulated by being fully submerged in potting.¢ompound, unless otherwise
ent. Such fully potted constructions provide a seal for the potential sources o
e atmosphere.

otentiometers, relays/switches, transfoermers, inductors, coils, resistors, diodeg
5. Such parts shall not be visible or“accessible external to the potting comp
ding adjustments. Potentiometers shall not be permitted to be accessible e
ound. Exposed integral functioning antennae shall not be permitted to be marke
nnae presents a risk of explosion and requires an evaluation in accordance with
dive Electrical Equipment for Use in Class | and Il, Division 2 and Class lll, Divi
Classified) Locations, UL 121201, for Class I, Division 2.

rts that may be-visible and accessible external to the potting compound are

rds, cables,feads and their terminals for input or output power,

b) Te
c) T

termint.

minals for wired control and antenna interconnection, and

is standard.

tion when all
permitted by
ignition from

[ts that shall be fully submerged in potting compound include the body ang leads of all

, and printed
ound for any
kternal to the
H Type HL, as
the Standard
sions 1 and 2

limited to the

| (b) may be

For cords, cables and leads for input or output power that enter directly into the potting compound, it is not
necessary to remove any outer jacket from around the cords, cables or leads at the point of entry into the
potting compound.

SB2A.4 Batteries and battery packs are not permitted in this Supplement. LED drivers with batteries and
battery packs for Class |, Division 2 applications are covered under the Standard for Nonincendive
Electrical Equipment for Use in Class | and IlI, Division 2 and Class lll, Divisions 1 and 2 Hazardous
(Classified) Locations, UL 121201.

SB2A.5 Compliance with this Supplement is determined by visual examination, in particular that all parts
in accordance with SB2A.2 are fully submerged in potting compound, with no visible gaps or breaks.
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SB3 Performance
SB3.1 AType HL LED driver shall comply with all applicable performance requirements of this standard.
SB4 Marking

| sB4.1 Deleted

SB4.2 An LED driver may be marked “Type HL” if it complies with the requirements of this supplement.
The marking may be provided on the LED driver, the smallest shipping container, or in the instruction
sheet.
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SUPPLEMENT SC — REQUIREMENTS FOR TEMPERATURE LIMITED (TYPE TL) LED DRIVERS

SC1 Scope

SC1.1

These requirements apply to Temperature Limited (Type TL) LED drivers.

SC2 Definitions

SC2.1

CALCULATED T,¢f max — The calculated temperature limit for the LED driver at T¢ under normal

operating conditions.

SC2.2 MEASURED T,.— The measured temperature at T~ under normal operating conditi

ns.

SC2.3 TEM
assigned by

SC2.4 T
assigned by

SC3 Construction

SC3.1
and the follo
this Supplem

a)Th
with i

b) Th
non-i

standprd;

c) The driver shall be provided-with both an integral fire and electrical enclosure in ac
the applicable requirements described in Section 6;

Exception No. 1: A driverwith wiring leads, terminals, or push-in terminals.

Exception No. 2: A driver that is intended for installation on or over an outlet box, i
the outlet box will’serve to complete the enclosure of the equipment under test.

d T

methds-described in 7.4.2 (i.e., conduit connection, wiring leads, terminals, or push
The driver shall be provided with load connections that comply with 7.4.1 and 7.4.4; a

he manufacturer on the LED driver case (exterior surface).

L ax — The temperature limit for the LED driver at T, under normal operating

A Tylpe TL LED driver shall comply with all applicable censtruction requirements of
ving criteria to facilitate parity amongst LED drivers{that meet thermal profile re
ent:

b driver shall not rely upon external overcurrent or over temperature protection f
bquirements of this standard;

e driver shall not rely upon external:héat management methods such as forced

PERATURE MEASUREMENT POINT, T¢ — A specific temperature measurement location

tonditions, as
he manufacturer.

this standard
quirements of

br compliance

air cooling or
tegral heat-sinking or external temperature sensors for compliance with requirgments of this

cordance with

areas where

d one of the
Hn terminals).
nd

driver-shall be provided with supply connections that comply with 7.4.1 a

e) Drivers that are not otherwise restricted by requirements in 6.4 may have openings as follows:

1) Circular openings have a diameter not exceeding 3 mm (0.12 in) and minimum spacing
between circular openings is 3 mm (0.12 in);

2) Rectangular (or square) openings have dimensions not exceeding 3 mm (0.12 in) across
and 30 mm (1.18 in) in length; and

3) The pattern of openings for metal enclosures is such that the through air spacings
(clearance) between live parts and the dead metal enclosure is not reduced below the
values specified in Electrical Spacings, 7.8, when the enclosure is subjected to the
Mechanical Strength Tests for Metal Enclosures, 8.15. The pattern of openings for
polymeric enclosures is not specified.
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SC4 Performance

SC4.1 AType TL LED driver shall comply with all applicable performance requirements of this standard
and the requirements in this section (SC4.2 — SC4.5, temperature testing, SC4.6 — SC4.8, abnormal
testing, and SC4.9, leakage current measurement testing).

SC4.2 During the Temperature Test per Section 8.3, temperatures at T and other exterior surface test
points are monitored. Testing is performed at ambient temperatures noted in Table 8.2. The Measured T

and the Calculated T ¢ max Value is determined as follows:

a) The temperature measured at T is normalized per 8.3.4 as necessary. The result is designated
as the Measured T,;. When the driver is subject to multiple temperature tests based on the

requir

ements of this standard, the highest Measured T value is designated

b) The

difference between the maximum permitted temperature (per Table 8.1 and S

04.4) and the

measyred temperature is calculated for each component (T and other exterior surfa

AT,. .
design
of thig
lowes

¢) This

. AT,). The values are normalized per 8.3.4 as necessary. Thecsmallest
ated AT. When the driver is subject to multiple temperature tests based on the
standard, the Calculated AT values shall be determined for each test AT,;.
value for all tests is AT.

d) The Measured T, and the Calculated T, nax Values<are to be rounded to the

(1.8°F).

SC4.3 The

[ e max Value shall not exceed the Calculated T s max Value.

ce test points
difference is
requirements
. . ATy, The

AT is added to the Measured T, at Tc. The result is desighated as the Calculaied T ¢t max-

nearest 1°C

SC4.4 The maximum permitted temperature for Measured T,o; and Tgf max is 90°C (194°F).

SC4.5 The maximum permitted temperature for the exterior surface plus the AT calculated in SC4.2 is
90°C (194°F)

SC4.6 Abngrmal Tests shall be performed at any ambient-air temperature within £5°C (£9°F)) of the value

noted in Tablg 8.2. The variation from the value noted in Table 8.2 shall be added to or subtra

observed ter
performed at

SC4.7 Durin
(230°F). Thes

a) Cor

hperature readings.\When tests terminate in less than 30 minutes, the tg
ambient temperatures of 25 +5°C (77 £5°F).

g the Abnarmal Tests, Section 8.7, exterior surface temperatures shall not e
e limits apply to:

hponent failure tests which continue 30 minutes or longer, and

cted from the
bsts may be

xceed 110°C

b) Outpm Inading test conditions which cantinue 30 minutes or Inngpr

SC4.8 The exceptions to 8.7.2.1 (component failure test) do not apply for a Type TL LED driver.

SC4.9 The exception to 8.9.1 (leakage current test) does not apply for a Type TL LED driver.

SC5 Marking
| sc5.1 Deleted

| SC5.2 An LED driver that complies with the requirements of this supplement shall be marked with a
specified T¢ point location.

SC5.3 An LED driver that complies with the requirements of this supplement may be marked “Type TL.”
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SC5.4 When an LED driver is marked “Type TL,” the T,¢ max @and Measured T,; values shall be marked
on the LED driver in one of the following formats:

“Te XX/YY °C,” or
“Type TL XX/YY °C,”

Where XX is the T, max temperature value, and YY is the Measured T, temperature value in °C.

SC5.5 A driver with wiring leads, terminals, or push-in terminals shall be marked "Use only within an
enclosure" or equivalent. The marking may alternatively be provided in the instruction sheet.

Exception: Adriverthatis-intendedforinstallation-on-oroveran-outletbox
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SUPPLEMENT SD - REQUIREMENTS FOR LIGHT EMITTING DIODE (LED) PACKAGES
SD1 Scope

SD1.1 These requirements apply to light emitting diode packages. These requirements are intended for
the evaluation of LED packages as components. Additional considerations may be necessary as LED
packages are integrated into end devices. Figure SD1.1 (single emitter) and Figure SD1.2 (multiple
emitters) depict typical LED package constructions. Different designs will vary in that:

a) Not all elements may be present, and

b) The elements may not be positioned as shown.

Figure SD1.1
Typical LED package construction — single emitter
LED Lens LED Chip
Anode &/ Cathode
P [
4! 1] L LA |
Insulating Materials Thermal Pad
su1923a
Figure SD1.2
Typical LED package construction — multiple emitters
LED lens
LED Chip Wire Bond Anode
Cathode

Metal Base, substrate or board Insulating Materials

su1924
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SD2 Definitions
SD2.1 ENCLOSURE - Refers to parts of a Component LED package that are intended to form part of

the final fire or electrical enclosure for the end device.

SD2.2

INSULATING MATERIALS — Any material providing electrical insulation between the LED

package supply contacts (anode and cathode) and the following parts of an LED package based on the
construction presented:

a) The

b) Metal base, and

rmal pad,

¢) LEL

SD2.3 IsSOU
contacts (and
presented:

a) The

b) Mefal base, and

c) LEQ

The default I
current, as sp

SD2.4 LED
SD2A Ratin

SD2A.1
ratings as des

a) Eny

b) Inpuit supply (non-isolated, isolated, Class 2),

c) Ele
d) Sui

Construction, performance and marking criteria in this Supplement are based on

package parts designated by the manufacturer as suitable to form part of an ef

ATION VOLTAGE — The maximum voltage (RMS) between the (RED pag
de and cathode) and the following parts of an LED package based on the

rmal pad,

package parts designated by the manufacturer as.suitable to form part of an en

ecified by the manufacturer. The manufactuter may designate a higher value.

LENS — An integral part of an LED package through which light is emitted.

gs

ignated by the manufacturer:

ironmental (dry, damp, or wet location),

ttrical and thermal (e.g. Maximum Forward Voltage, Junction Temperature),

ability to form part of an enclosure, and

e) Spe

ctral Power Distribution Characteristics (as graph or data-set).

closure.

kage supply
construction

closure.

bolation Voltage is the forward voltage when_the LED package is operated at fated forward

the following

Exception: Item (e) is not required when the LED package operates in the visible light spectrum only.

SD2B Reference Publications

SD2B.1
a)IEC

62471:2006, Photobiological safety of lamps and lamp systems;

In addition to those in the main body of this standard, the following normative references apply:

b) IEC/TR 62471-2:2009, Photobiological Safety of Lamps and Lamp Systems — Part 2: Guidance

on Ma

nufacturing Requirements Relating to Non-Laser Optical Radiation Safety


https://ulnorm.com/api/?name=UL 8750 2022.pdf

DECEMBER 7, 2022 UL 8750 87

SD3 Environmental Considerations

SD3.1 Humidity conditioning
SD3.1.1 LED packages designated by the manufacturer for the characteristics tabulated below shall be

exposed for 168 hours to moist air having a relative humidity of 88 +2 percent at a temperature of 32.0
+2.0°C (89.6 £3.6°F) followed by the dielectric voltage withstand test in Dielectric Voltage Withstand Test,

Section SD6:
a) Sui

table for damp or wet locations, and

b) Suitable for operation from other than Class 2 circuits.

SD3.2 Dry

SD3.2.1 LA
subjected to

a)Su
b) Su
c)Su
Exception: L

solvent cem|
without test.

SD3.3 Damp locations

SD3.3.1 LH
subjected to
Test, Section
a)Su
b) Su

c) Su
SD3.4 Wet

SD3.4.1 LE

locations

D packages designated by the manufacturer for the characteristics tabulated b
the Steady Force Test, Section SD7:

table for dry locations,
table for operation from other than Class 2 circuits, and

table to form part of an enclosure.

ED lens securement using integrally-molded .compounds or fusion techniq
enting, ultrasonic welding, electromagnetic induction, and thermal welding

D packages designated by the manufacturer for the characteristics tabulated b
cold conditioning for 24 hours,at0.0 £1.0°C (32.0 +1.8°F) to be followed by the
SD7:

table for damp locations,

table for operationfrom other than Class 2 circuits (dry and damp location limits

table to formpart of an enclosure.
locations

D _packages designated by the manufacturer for the characteristics tabulated b

elow shall be

les, such as
hre permitted

elow shall be
Steady Force

, and

elow shall be

subjected to

I el £ o4 4 : QAE N oo Qo N .o co oL £
CUOIU COMATiornmyg 101 25 TIOUrs dt ITHMUS 09.U T2 U {ITNMUS 0£.U To.0 T7) WU UE 1

Steady Force Test, Section SD7:

a) Suitable for wet locations,

b) Suitable for operation from other than Class 2 circuits (wet location limits), and

c) Sui

table to form part of an enclosure.

SD4 Construction

SD4.1

SD4.1.1

Spacings

llowed by the

LED packages designated by the manufacturer as suitable for operation from other than Class 2

circuits shall be evaluated for spacings (distances between current-carrying parts) using the Dielectric
Voltage Withstand Test, Section SD6.
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SD4.2 Printed Wiring Boards (PWBs)

SD4.2.1 PWBs of LED packages that are designated by the manufacturer as suitable for operation from
other than Class 2 circuits shall comply with the Standard for Printed Wiring Boards, UL 796, with
maximum operating temperature (MOT) and flame ratings as noted in SD4.3.1 and SD4.4.1, respectively.

Exception No. 1:
requirement.

Ceramic substrates with patterned metal electrical vias are not subject to this

Exception No. 2: PWBs meeting both exceptions in SD4.3.1 and SD4.4.1 need not comply with the

Standard for Printed Wiring Boards, UL 796.

SD4.3 Poly

SD4.3.1 Po
thermal index
junction temp
or exceed the

Exception Noj

Exception No
requirement.

SD4.4 Poly

SD4.41 Po

the manufacfurer as suitable for operation from;ather than Class 2 circuits shall have

flammability
Electrical EqU

Exception: If

(0.15 in®) or

following mat
a) Me
b) Mic
c) Cer

d) Pol

meric and other insulating materials — Relative Thermal Index (RT1)

ymeric and other insulating materials shall have relative thermal index«(RTI) g
ratings which are equal to or exceed the manufacturer-designated LED ‘packa
erature. PWBs shall have maximum operating temperature (MOT) ratings which
manufacturer-designated LED package maximum junction temperature.

1: Ceramic substrates are not subject to this requirement,

2: LED packages that comply with Thermal Aging, Section SD8, need not cor

meric and other insulating materials — Flameé rating

ymeric and other insulating materials and-PWBs of an LED package that is d

ating of V1 or VTM-1 in accordance’ with the Standard for Polymeric Materi
ipment Evaluations, UL 746C.

he total volume of polymeric.and other insulating materials in an LED package
ess, the requirement does not apply. In calculating the total volume, contribut
brials can be subtracted as applicable:

al bases of PWBS,
a:

amic, and!

meric materials that are flame rated V-1, VTM-1, or better.

r the generic
ge maximum
are equal to

nply with this

esignated by
a minimum
als — Use in

is 2500 mm?®
ons from the

SD5 Perfor|

SD51

mance

SD6 Dielectric Voltage Withstand Test

SD6.1

Tests in Sections SD6 — SD9 apply when specified by requirements in Sections SD3 and SD4.

The insulating materials of an LED package that is designated by the manufacturer as suitable for

operation from other than Class 2 circuits shall withstand for one minute, without breakdown, the AC test
potential specified in Table SD6.1, where V is the Isolation Voltage. The test may be conducted using a DC
test potential at 1.414 times the AC test potential denoted in Table SD6.1.
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Table SD6.1
Dielectric voltage withstand potential

Test potential, VAC

Designated by the manufacturer as suitable for operation from

2V +1000 Non-isolated input circuits where V is greater than 70 V peak
2V + 500 Isolated circuits where V is greater than 70 V peak
500 Non-isolated and isolated circuits where Vis 70 V peak or less

derived from th

@ Non-isolated input circuits are connected to the branch circuit.
® Isolated circuits are separated from the branch circuit using magnetic, capacitive, or optical isolation. A low voltage circuit

e branch circuit by a dropping element (galvanic connection to the primary) resistor is not isolated.

SD6.2 The
and have a

potential is tq
and is to be K

Exception: A
voltmeter to

SD6.3 The
recommends
connection 1

dielectric tesjer test leads can be properly connected to these points.

SD6.4 The
dielectric tes

a) LE
when

b) Th

SD6.5 For
package par
be conducte
edges round

SD6.6 Test
surface of th
6.4-mm (1/4

diefectric withstand test equipment shail employ a transformer of 500-VA or_1g
ariable output voltage that is essentially sinusoidal or continuous direct curren
be increased from zero at a substantially uniform rate until the required test'lev
eld at that level for 1 minute.

500-VA or larger capacity transformer is not required if the transformer is pr
measure directly the applied output potential.

LED package is to be mounted by the manufacturer, on-a~PWB assembly to
d mounting and solder methods. The PWB assembly shall include appropr
neans to the LED package anode, cathode, thermal pad or metal base, or

test shall be conducted with the anode and cathode connected together f
er test leads. This test shall be performedbetween this connection and the follo

D package parts designated by the gnanufacturer as suitable to form part of
applicable, and

brmal pad (or LED package metal base, or both), when applicable.

est conditions involving\LED package lens [see SD6.4(a)] or any other non-co
that is designated by the manufacturer as suitable to form part of an enclosure]

bd to a 0.8-mm (1432-in) radius. The electrode is to weigh 50 +2 g (1.8 £0.7 0z).

is to be conducted by placing LED package directly under the probe with t
b LED package part being evaluated in direct contact with the bottom of the flat
in) dianteter probe described above. Care should be taken to assure that full

probe is sup;rorted by the surface being evaluated.

rger capacity
. The applied
el is reached,

pvided with a

represent the
ate electrical
both, so the

o one of the
ving:

AN enclosure,

nductive LED
, the test is to

] using a moveabléteylindrical brass or stainless steel rod 6.4 mm (1/4 in) in diameter, with

he accessible
surface of the
weight of the

SD7 Stead

y Force Test—30 N

SD7.1 The test shall be conducted on three samples.

SD7.2 Using the test finger shown in Figure SD7.1, the LED lens on the package shall be subjected to
the test described in SD7.4.

SD7.3 Prior to the test in SD7.4, the LED package is to be mounted by the manufacturer, on a PWB
assembly to represent the recommended mounting and solder methods. The PWB assembly is to be
placed on a hard, flat surface and restrain it from moving during the test.

SD7.4 The test probe is placed at 45 degrees from horizontal and in contact with the LED lens as
follows:
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For LED packages with domed or raised lenses with tip of the test probe in contact with lens and
longitudinal axis of the test probe running through the center of the LED package, see Figure
SD7.3.

For LED packages with flat lens the tip of the probe shall contact center of the lens surface being
evaluated, see Figure SD7.4.

A steady force of 30 +3N for a period of 5 seconds is applied along the longitudinal axis of the
finger probe.

During the test the finger probe is to be restrained from moving in any direction other than along its
longitudinal axis.

SD7.5 Test fesUIs are considered acceptabie i
a) A visual inspection does not show damage or displacement of the LED lens, and

b) A suibsequent dielectric test, performed per SD6, achieves acceptable resuls.
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Figure SD7.1
Finger probe

"

@50 (2)

I
|
1012+
(0.5)
|
|

-

su1717
Notes:
a) Thig
Verificd

test fingerds test probe 11 of Figure 7 in the Protection of Persons and Equipment by Enclosures — Probes for
tion, IEC'61032. Dimensions are in millimeters (inches).

b) See

Figure SD7.2 for probe tip dimensional requirements that are not specified in this figure.
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Figure SD7.2
Jointed test finger
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E 1P3i alpz iP1j”‘
| | g
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| ! o <
' T [v's
|

————

—

su1168

Key

1 insulating ma
2 section AA
3 section BB

4 handle

5 stop plate

erial

6 spherical

7 detail x (example)

8 side view

9 chamfer all edges

Tolerances on dimensions-without specific tolerance:

Dimensions in millimetres

on angles: "o

on IiniEr dimensions:

up to 26-mm:= 0 6p5-00M
over 25 mm: +0,2 mm

Material of finger:

Both joints of this finger may be bent through an angle of (90

heat-treated steel, etc.
+10

0)°, but in one plane only.

Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°. For this reason,
dimensions and tolerances of these details are not given in the drawing. The actual design shall ensure a (90 *'%)° bending angle.

Note: This test finger is the same as test probe B of IEC 61032, Figure 2.

Note: The jointed test figure is only referenced in note b of Figure SD7.1. Figure SD7.2 is being included as it contains probe tip
dimensional requirements that are not specified in Figure SD7.1.
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Figure SD7.3
LED packages with domed or raised lens

TEST PROBE

®)
<1§{ED Package Lens Under Test
R

| &
HARD SURFACE §\®
su1925 <O
O
o

.
-
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\ TEST PROBE

Figure SD7.4
LED packages with flat lens

30N FORCE

45.( LED &(AGE LENS UN
[ N =
/ &d

HARD SURFACE N\

su1926 : Q)\$
A\
o
&
&
OO®
&
O
D

DER TEST
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SD8 Thermal Aging Test
SD8.1 The test shall be conducted on three samples.

SD8.2 LED packages are aged in a full-draft oven at a temperature and time chosen from the graph in
Figure SD8.1 using the index line that corresponds to the maximum junction temperature as specified by
the manufacturer. Interpolation is permitted for maximum junction temperatures that fall between the index
lines in the graph. All samples shall be conditioned for 1000 hours unless otherwise agreed by all
concerned. LED packages shall not be subjected to conditioning less than 300 hours.

Figure SD8.1
Oven conglitiomming time versus oven temperature for temperature-imdex forimsutatinyg materials
100,000 T
240'C_220°C_ 200°C  180°C 155°C 130°C 105°C 90°C 75C 60°C
/
} LLLLATLA LA | L
%) 7 r s 4 ' 2
o
] l l v 4
Q 'imm r & & i v
T i 10K
Lj 10,000 J : 4 £ £ 7
= i 7 EF——F 7
= H ] i =
o f /-
=z y 4
Q y 4
< 4 J y 4 v
z £
3 4
o JE f /
EESs F /
RECOMMENDED ' 's F i ' ‘f nf v ™
TIME 1000
: f FEEES F=—7
w y f y A
¥y 4 y A
¥y v g
2 /
MINIMUM
100 100
10 10
300 280 260 240 220 200 180 160 140 120 100 80 60 40

OVEN TEMPERATURE — DEG.C (1/°K Scale)
SB1631A


https://ulnorm.com/api/?name=UL 8750 2022.pdf

96 UL 8750 DECEMBER 7, 2022

SD8.3 The air oven is to be essentially as indicated in the Standard Specification for Forced-Convection
Laboratory Ovens for Evaluation of Electrical Insulation, ASTM D 5423 (Type Il ovens), and the Standard
Test Methods for Forced-Convection Laboratory Ovens for Evaluation of Electrical Insulation, ASTM D
5374. A portion of the air may be recirculated, but a substantial amount of air is to be admitted
continuously to maintain an essentially normal air content surrounding the representative LED package.

The oven is to be adjusted to achieve 100 — 200 complete fresh-air changes per hour.

SD8.4 Test results are considered acceptable if:

a)Avi

sual inspection does not show:

1) Damage or displacement of the LED lens,

b) For|
than G

SD8A Phot

SD8A.1 Th{
distribution ch

Note: Evaluation

SD8A.2 LEI
with the requ
if any, within
providing 1.7
62471 foran

Z) Deformation of the LED package substrate/PVWB, or
3) Deformation or lifting of traces of the LED package substrate/PWB.

an LED package that is designated by the manufacturer as suitable-foroperati
lass 2 circuits, a subsequent dielectric test, performed per SD6, achieves accep

pbiological Safety Assessment

requirements in this section apply to Special-use/LED packages with sp
aracteristics outside of the visible light spectrum (400 %700 nm).

per Section SD8A, may be performed for other LED package'types based on manufacturer request.

D packages shall be investigated to determine their risk group classification in

the following spectral bands. The. measurement shall be performed with a s
mrad field of view (FOV) with a measurement distance of 200 mm as recomm
bn-GLS (general lighting services)light source.

bn from other
table results.

ectral power

accordance

rements in IEC 62471. The assessmentis‘to determine the level of optical radiation emitted,

top aperture
bnded in IEC

a) Ultrpviolet hazard — 200 nm t0:400 nm;

b) Retjnal blue light hazard —-300 nm to 400 nm;

c) Corpeallens infraredhazard — 780 nm to 3000 nm; and

d) Retjnal thermal, Weak visual stimulus hazard — 780 nm to 1400 nm.
SD8A.3 Thg LED package is to be mounted by the manufacturer on a PWB assembly to tepresent the
recommendefl mounting (heat dissipation) and solder methods. The PWB assembly shall include

appropriate e

ectrical connection means to the LED package (anode and cathode) so the sup

Dly test leads

can be prope

I s B $aal
Iy CUTITTTCULCU.

SD8A.4 The LED package shall be powered by a supply according to manufacturer recommendations
for the rated forward current(s).

SD9 Markings

SD9.1
packaged:

a) Company name,

b) Model designation, and

The following markings shall be provided on the smallest unit container in which the product is

c) Factory identification or code, for any component produced or assembled at more than one
factory.
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| SD9.2 When the LED package is evaluated per Section SD8A, the instruction sheet shall include the
intended application as well as markings noted in SD9.3 — SD9.6 as applicable. This is to identify potential
photobiological hazards that must be considered as part of integration of the LED package into end
equipment.

Exception: The markings in SD9.3 — SD9.5 are not required for LED packages that are classified as both:
a) Risk Group 1 or 0 for both Retinal Blue Light spectral bands; and

b) Risk Group 0 for the remaining spectral bands. However, the manufacturer may optionally
provide the marking described in SD9.5.

| SD9.3 See Appendix C Table 1 for text of applicable markings based on Hazard and Risk Group.

SD9.4 The|markings shall be presented in bold block print within a black-bordered two-segtion box on a
| yellow background, as follows. See Figure SD9.1.

| a) The risk group classification is to be identified in the upper box. Whenithe LED patkage exceed
Risk Group 0 in more than one spectral band, the most severe risk group classification shall be
used.

b) The required labeling, information and guidance text is to beincluded in the lowger box. When
more|than one hazard is noted, the text shall be printed 4h order of descending geverity, each
sepafated by a blank line.
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Figure SD9.1
Marking Format

RISK GROUP X

INSERT THE RISK GROUP LABELING TEXT,
OLLOWED BY THE RISK GROUP INFORMATION
AND GUIDANCE TEXT. SEE APPENDIX C TABLE1.

su3fi27a

Example

RISK GROUP: 1

NOTICE - UV EMITTED FROM THIS PRODUCT.
MINIMIZE EXPOSURE TO.EYES AND SKIN. USE
APPROPRIATESSHIELDING.

su3427b

NOTE: ©IEC. THis material is reproduced from@EC/TR 62471-2 Ed. 1.0 en:2009 with permission of the American National Standards
Institute (ANSI) dn behalf of the International Standardization Organization. All rights reserved.

SD9.5 The following markingsshall be provided verbatim:

“‘CAUTION —|RISK OF:PERSONAL INJURY. THIS LED PACKAGE IS NOT INTENDED FOR GENERAL
ILLUMINATIQN AND\MAY REQUIRE THE USE OF SPECIAL SAFEGUARDS. INSTALL AND USE ONLY
IN STRICT ACCORDANCE WITH THE PRODUCT AND PACKAGING MARKINGS.”

SD9.6 When the apparent source size (of the LED package) is smaller than the FOV, the following
marking or equivalent shall be included in the specification sheet.

“Integration of this LED package into LED light sources (arrays, lamps or luminaries) or addition of
reflective or magnifying optics may change the expected photobiological safety characteristics of such
devices. The assigned risk group classification of this LED package may not necessarily indicate the risk
group classification of the LED light source.”
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SUPPLEMENT SE — REQUIREMENTS FOR CLASS P LED DRIVERS

SE1

SE1.1

SE1.2

Scope

These requirements apply to Class P LED drivers.

In this supplement, the term “driver” refers to a Class P LED driver unless otherwise

SE2 Definitions

noted.

dard and the
ments of this

br compliance

quirements of

cordance with

SE2.1 CLASS P LED DRIVER — A LED driver that is inherently or integrally protected from overheating
under the specified conditions of this standard.
SE3 Consfruction
SE3.1 A dtiver shall comply with all applicable construction requirements of:this stan
following criteria to facilitate parity amongst LED drivers that meet thermal profile require
supplement:
a) The driver shall not rely upon external overcurrent or over tempeérature protection f
with the requirements of this standard;
b) The driver shall not rely upon external thermal management methods such as forced air cooling,
non-iptegral heat-sinking, or external temperature sensofrs for compliance with the re
this sfandard;
c) The driver shall be provided with both an integral fire and electrical enclosure in ac
the applicable requirements described in Section 6;

Exception No. 1: A driver with field-wiring wiring leads, field-wiring terminals, or push-

Exception No. 2: A driver that is intended for installation on or over an outlet box, ir
the ouitlet box will serve to complete-the enclosure of the equipment under test.

d) With regard to (c), polymeric materials serving as fire or electrical enclosures
relatiye thermal index (RT)\with impact of at least 90°C (194°F);

in terminals.

areas where

shall have a

d one of the
terminals, or
vith 7.4.1 and

bs follows:

f) Driyers‘that are not otherwise restricted by requirements in 6.4 may have openings

1) Circular openings have a diameter not exceeding 3 mm (0.12 in) and mini
between circular openings is 3 mm (0.12 in),

2) Rectangular (or square) openings have dimensions not exceeding 3 mm (0
and 30 mm (1.18 in) in length,

3) The pattern of openings for metal enclosures is such that the through

mum spacing

.12 in) across

air spacings

(clearance) between live parts and the dead metal enclosure is not reduced below the

values specified in Electrical Spacings, Section 7.8, when the enclosure is su

bjected to the

Mechanical Strength Tests for Metal Enclosures, Section 8.15. The pattern of openings for

polymeric enclosures is not specified.

SE3.2 Drivers with field-wiring leads, field-wiring terminals, or push-in terminals shall be rated Dry or
Damp based on compliance with related construction and performance requirements of this standard.
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Exception: Drivers with power supply cords that are surface marked “W” or “Water Resistant” are
permitted to be rated Wet based on compliance with related construction and performance requirements
of this standard.

SE4 Performance
SE4.1 General

SE4.1.1 A driver shall comply with all applicable performance requirements of this standard and the
additional criteria in this section.

SE4.1.2 During these tests a driver shall be operated in its worst-case electrical and thermal operating
condition, as flefined by its markings and electrical rafings.

SE4.2 Temperature test

SE4.2.1 In @ddition to the criteria in 8.3, the temperature on any point on the”exterior surface shall not
exceed 90°C[(194°F) when tested in the ambient environment in Table 8.2.

SE4.3 Clasg P abnormal tests
SE4.3.1 Test criteria
SE4.3.1.1 These requirements supplement the criteria in 8.72:1-

SE4.3.1.2 DQuring any Class P abnormal test:
a) Theg driver shall not exhibit a risk of fire or-electric shock as defined in 8.7.1.3;
b) Thg temperatures on any point on the,driver enclosure shall not exceed 150°C (302[F); and

c) If any point on the driver enclosure exceeds 110°C (230°F), the driver's operating fime shall not
exceefl the applicable time limitspecified in Table SE4.1.

Table SE4.1
Temperature-versus-time criteria
Highest measured temperature Time limit 3
°C (°F) Minutes
150 (302) 5.3
145 {203} v
140 (284) 10
135 (275) 14
130 (266) 20
125 (257) 31
120 (248) 53
115 (239) 120
@ Apply the time limit that corresponds to the highest measured temperature. Operating time is measured between the instant the
enclosure temperature exceeds 110°C (230°F) and either:
a) The temperature drops below 110°C; or
b) The driver input drops to 10% or less of its rated input current, whichever comes first.
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