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PART 1 - ALL PRODUCTS

INTRODUCTION

1 Scope

1.1

These requirements cover ballasts of the resistance, reactance, and electronic (high frequency)

types for use with fluorescent lamps involving a potential of 2500 volts or less in accordance with the
National Electrical Code, ANSI/NFPA 70.

1.2 A fluorescent-lamp ballast may be determined by investigation to be acceptable for use, in a fixture

or other devic

with electric-discharge lamps of other than the fluorescent type

1.3  Fluoresq
Ballasted Lan
this Standard

1.4 A produ
from those co
or injury to
requirements
product who
requirements
shall be propg
implementatiq

2 Glossary
2.1

2.2 BALLAS
current of a |
starting voltad

2.3 CHEES
cheesecloth i
the trade as &
the other dirg

For the purpose of this standard the following definitions apply.

nps and Lamp Adapters, UL 1993. The component ballast is evaluated to re

ct that contains features, characteristics, components, materials; or systems n
vered by the requirements in this standard, and that involves a risk of fire or of
persons shall be evaluated using appropriate additional component an
to maintain the level of safety as originally anticipated by the intent of th
be features, characteristics, components, materials, or systems conflict
or provisions of this standard does not comply with this standard. Revision o
sed and adopted in conformance with the methods employed for developmen
n of this standard.

T — A device that by means of reactance or resistance, singly or in combing
bmp to the required.value for proper operation and, where necessary, prov,
e; and in the case-Of fapid start circuits, provides for low-voltage lamp filament

FCLOTH —_Used in abnormal condition tests as an indicator of a fire haz
5 to be rurdning 14 — 15 square yards per pound (26 — 28 m?/kg), and have wh
count of 82 X 28; that is, for any square inch, 32 threads in one direction ang
ction“(for any square centimeter, 13 threads in one direction and 11 threag

direction).

ent self ballasted lamps and ballast adaptors are evaluated using the~Standard for Self-

bquirements in

ew or different
electric shock
i end-product
s standard. A
with specific
[ requirements
, revision, and

tion, limits the
des adequate
heating.

ard. Bleached
at is known to
28 threads in
s in the other

2.4 CLASS P PROTECTED BALLAST — A ballast that is integrally protected from overheating, where the
ballast and protection combination comply with the requirements in this standard.

2.5 COMPACT FLUORESCENT LAMP — A fluorescent lamp of a small compact shape (such as a folded
construction) with all contacts terminating in a single base that performs the entire mechanical support
function.

2.6 CONDITIONED LAMP — A new lamp that has been operated for a minimum of 100 hours.
2.7 CONVENTIONAL MAGNETIC BALLAST — A ballast that consists of a coil of wire wound on a core

and operates at the supply line frequency. A conventional magnetic ballast is either a transformer type or
simple reactance type. A power capacitor is able to be provided with the magnetic ballast.
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2.8 DEACTIVATED LAMP — A lamp end-of-life failure mode, that is caused by the depletion of the
filament emission material so that the lamp cannot be ionized.

2.9 ELECTRONIC BALLAST - A ballast involving high frequency switching that is controlled by active
components (transistors, thyristors, and the like), and with the lamp ballasting impedance provided by a
series capacitive or inductive reactance appropriate for the high switching frequency. The lamps and
ballasting impedance may be connected either directly or by means of an isolating transformer to the
switching transistors.

2.10 FIXED BALLAST — A ballast intended to be permanently connected electrically.

2.1
usually have 4

INSTANT-START CIRCUIT — A circuit that employs a high open-circuit voltage to start lamps that
single contact at each end.

and the other
er an instant-

212 LEAD-L
lamp in series
start or preheg

AG CIRCUIT — A two-lamp circuit that has one lamp in series with an inductor
with a capacitor to attain a high power factor. Generally, it may be part of eith
t circuit.

213 LIVE P bnnected to a
grounded (ned

ARTS — Metallic parts intended to carry voltage or currefit."A part that is ¢
tral) supply conductor is determined to be a live part.

214 MEASUREMENT INDICATION UNIT (MIU) — The outplt voltage across the meter, in millivolts
RMS, in the measurement instrument in Figure 23.2, divided-by 500 ohms. The instrument indication is

equal to the
not always a ¢
the leakage cU

2.15 POWEH
a) In sq

b) Acrg
factor g

2.16 PREHH
or automatic s
lamp. The star

217 RAPID-

iy

S value in milliamperes when the frequency\s 60 Hz (sinusoidal current). 1
irect indication of the RMS or other commen amplitude quantifier of leakage
rrent is of complex waveform or frequency-other than 50 or 60 Hz.

R CAPACITOR — A capacitor that is'éonnected:

'he reading is
current when

ries with a lamp or lamps and-provides the ballast impedance for the lamp curfent; or

ss the input leads of the-ballast or across an extension of the primary wind
orrection.

AT CIRCUIT —'Acircuit with a ballast connected in series with a lamp, and ha
tarter that functions to cause an initial heating of the lamp filaments prior t

ter, when'elosed, connects the two lamp filaments in series in the ballast circuif.

START CIRCUIT — A circuit employing continuously heated lamp filaments,

ng for power-

ing a manual
D ionizing the

along with an

open-circuit v(

Itage for the ballast to start a lamp without a starter. The lamps usually hav

B miniature or

medium bi-pin contacts or specific sockets (for example, circular lamps) for sizes smaller than 40 watts or
recessed contacts for the larger 800 and 1500 milliampere sizes. A metal reflector connected to ground is
needed near the lamps to ensure starting.

2.18 REACTANCE BALLAST — A ballast, the impedance of which is provided by:

a) Inductive reactance;

b) Capacitive reactance; or

c) Both

inductive and capacitive reactance.

219 REACTOR (SIMPLE REACTANCE) BALLAST - A reactance type ballast in which the lamp
ballasting impedance is provided by a single coil inductor — not a transformer or inductor with additional
components.


https://ulnorm.com/api/?name=UL 935 2024.pdf

FEBRUARY 23, 2024

UL 935

2.20 RESISTANCE BALLAST — A ballast in which the impedance is provided by a resistor or resistance

wire.

2.21

TWO-WINDING TRANSFORMER (ISOLATING TYPE) BALLAST — A ballast having independent,

insulated primary and secondary windings with no common connection between them, except that a
minimum resistor of 470,000 ohm may be connected between the windings to aid in lamp starting.

3 Components

3.1

Except as indicated in 3.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Appendix A for a list of standards covering components generally
used in the products covered by this standard.

3.2 A compq

a) Inv
produg

b)Iss

3.3 A comp
use.

3.4 Specific
capabilities.
temperatures

4 Units of Measurement

4.1 Values s
approximate i

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

blves a feature or characteristic not required in the application of-the com
t covered by this standard, or

Iperseded by a requirement in this standard.

components are incomplete in construction features or restricted in
Buch components are intended for use Oply under limited conditions, su
not exceeding specified limits, and shall be*used only under those specific con

tated without parentheses are the requirement. Values in parentheses are
hformation.

ponent in the

bnent shall be used in accordance with its rating established for the intended conditions of

performance
ch as certain
ditions.

explanatory or

4.2 All valugs of voltage and cusrent are true rms values unless otherwise indicated.

5 Undated References

5.1 Any undated reference to a code or standard appearing in the requirements of this stgndard shall be
interpreted aq referring to the latest edition of that code or standard.

CONSTRUCTION

6 General

6.1 A fluorescent-lamp ballast is categorized according to the use for which it is intended. A ballast in

one category is acceptable, with respect to protection against corrosion, for use as a ballast in the

category that

a)Ani

precedes it in the following list:

ndoor ballast is only intended for use indoor, dry location.

b) A Type 1 outdoor ballast is acceptable for use in:

1) Outdoor equipment;

2) A fixture intended for use in wet or damp locations; or
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3) An outdoor sign if the ballast is within an overall electrical enclosure.

c) A Type 2 outdoor ballast is intended for use in:

1) Outdoor equipment;

2) A fixture intended for use in wet or damp locations; or

3) An outdoor sign if the ballast, in addition to its own enclosure, is within an overall

enclosure.

d) A weatherproof ballast is intended for exposure to the weather without an additional enclosure.

6.2 Materialg
subjected duri

employed in a ballast shall not be adversely affected by the temperatures tg V
hg normal operation. See 11.2, 13.2.4, and 13.2.5.

7 Mechanical Assembly

7.1 A ballast
resist the abu
injury to pers|
displacement

8 Enclosure
8.1 General
8.1.1 A ballg
investigated a

requirements {

Exception: A

shall be formed and assembled so that it will have the necessary strength
bes to which it is likely to be subjected, without increasingcthe’risk of fire, ele
pns due to total or partial collapse resulting in a reduction of spacings,
bf parts, or other defects.

vhich they are

and rigidity to
ttric shock, or
loosening or

st shall be provided with an enclostre of metal or of a polymeric material that has been

hd found to be evaluated for the ‘intended use. See Polymeric Materials, S
or a polymeric material used as‘an enclosure.

reactor ballast intended(foruse within the enclosure of other equipment ma

core-and-coil pallast.

8.1.2 Aballa

a) All s

5t is determined-to-be enclosed when:

pams are overlapped, except that a total length of not more than 3 inches (76

seam meets the‘intent of this requirement when no opening in such seam is mo

square
inch (1

inch«(3:23 mm?) in area and the total area of such openings is no more than
51:29.mm?); and

ection 20, for

y be an open

2 mm) of butt
e than 0.005
0.250 square

b) The perimeter of each opening for a lead wire fits closely around the wire that it encircles. An
opening of 1/8 inch (3.2 mm) diameter or less complies with this requirement.

Exception No.

1: Laminated core sections are not required to be enclosed.

Exception No. 2: A Class P ballast without potting is not required to have lapped seams where parts of the
enclosure are joined.

8.1.3 A Class P electronic ballast is able to have openings for ventilation when:

a) The ballast is provided with an overcurrent protective device rated 5 A or less or is provided with
a foil trace that meets the requirements of this standard;
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b) Circular openings have a diameter not exceeding 3 mm (0.12 inch) and minimum spacing
between circular openings is 3 mm (0.12 inch);

¢) Rectangular (or square) openings have dimensions not exceeding 3 mm (0.12 inch) across and
30 mm (1.18 inch) in length; and

d) 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
Spacings, Section 19, when the enclosure is subjected to the Rod Pressure Loading Test, Section
41. (The pattern of openings for plastic enclosures is not specified).

A Class P electronic ballast shall be marked in accordance with 45.5.10.

8.1.4 The thickness of a cast- or sheet-metal enclosure shall be in accordance with Table’§.1.

Table 8.1
Thickness of metal enclosures
Metal Minimum thicknessj.inch (mm)
At small, flat, non-reinforced surfaces At relatively large nontreinforced flat
and at surfaces that are reinforced.by. surfaceg
curving, ribbing, or the like

Die-cast metal 3/64 (1.2) 5/64 (2.0
Cast malleable |ron 1/16 (1.6) 3/32 (2.4
Other cast metd| 3/32 (2.4) 1/8 (3.2
Uncoated sheef steel 0.026.(0:66)>° 0.026 (0.66)>°
Galvanized shekt steel 0.029 (0.74)? 0.029 (0.74)2
Nonferrous shegt metal (including 0.032 (0.81)° 0.032 (0.8])°
extruded)

NOTE - These pre minimum dimensions based-onnominal metal gauge thicknesses, for example, 22 Manufacturer's Sheet
Gauge, is 0.03( inch, nominal, 0.026 inch minimum. Because of the tolerance in metal gauge sizes, metal thickneps is to be
increased so it i never less than the spegified minimum.

2See 8.1.5.

® Uncoated shegt steel or nonferrols sheet metal with a minimum thickness of 0.020 inch (0.51 mm) meets the intent of the
requirement when:

1) The|ballast is/intended to be used indoors only or marked for Type 1 outdoor use;

2) The|overall weight is less than 8.8 pounds (4.0 kg); and

3) The tattastiscomptetety compound-fitted; or the battast compties with theCrushing Resistarceamd Resistance to

Impact tests described in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Note that the metal is uncoated when measured, however, it shall have an additional metallic or organic coating when the ballast is
marked "Type 1 outdoor use."

8.1.5 A sheet-steel enclosure of a weatherproof ballast shall not be less than 0.056 inch (1.42 mm) thick
if galvanized steel, and not less than 0.053 inch (1.35 mm) thick if uncoated steel.

8.1.6 A closure for a hole no larger than 1/2 square inch (323.0 mm?) in area in the base of a metal
enclosure complies with this requirement if:

a) The closure is not less than 0.014 inch (0.36 mm) thick;

b) The surrounding metal is reinforced by forming; and
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c) The closure is secured in place so that it cannot be removed without the use of a tool.

8.1.7 Fiber or phenolic-composition sheet material used for an end piece of the enclosure of a reactance
ballast shall not be less than 1/16 inch (1.6 mm) thick, and shall be:

a) Secured in place so that all seams are closed; and

b) Rigidly supported to prevent displacement or removal.

Exception: An end piece of insulating material of small area that serves principally as a bushing for a lead
may be not less than 1/32 inch (0.8 mm) thick if the exposed area of the piece is not more than 1/4 square
inch (161.0 mm?), and if the insulating material is supported in a complete frame or rests on the metal

enclosure arogrmd-theentire [Jc'llllllctc'l. See134:

8.1.8 Fibers
for outdoor us
covered comp

8.2 Raintightness

8.2.1 A weat
when tested in

Exception: Th

8.2.2 Means
knockout or ur

9 Means for

9.1 A ballast
otherwise arrg

9.2 A ballast

hall not be employed for any part of the enclosure or for lead bushings-of a bz
b, and fibrous material shall not be used for any internal part of an outdoor ball
etely with a material that will prevent the absorption of moisture by the fibrous

herproof or Outdoor Type 2 ballast shall be constructed so that it excludes
accordance with the Water-Spray Test, Section 37

b Water-Spray Test is not required when a ballast'is fully potted.

for drainage shall be provided in the enclosure of a weatherproof balla
threaded conduit opening.

Mounting

intended for permanent nstallation shall have at least two mounting feet or ea
hged for support at not:less than two points to reduce the likelihood of turning.

intended for permanent installation and provided with a single, threaded nip

intent of the
assembly to a
located outsid

9.3 A ballas

equirements.when the nipple is a standard trade size long enough for tw
fixture enelosure. The ballast enclosure shall be evaluated for a construction
a fixtureenclosure.

connécted in the power-supply cord, as specified in 46.3.1, shall not have s

llast intended
ast unless it is
material.

b beating rain

5t that has a

rs, or shall be

ple meets the
b locknuts for
with a ballast

crew holes or

10 Protection Against Corrosion

10.1

10.1.1

General

An enclosure constructed of iron or steel shall be protected against corrosion by plating, painting,

or the equivalent. Both inside and outside surfaces of an enclosure shall be protected against corrosion.

Exception: A protective coating need not be applied to:

a) The interior of a ballast enclosure that is completely filled with potting compound; or

b) Flat metal surfaces that are tightly clamped together.
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10.1.2 Exposed surfaces of the iron from which a core is assembled shall be protected against corrosion.

10.2 Outdoor ballasts

10.2.1

corrosion in accordance with 10.1.1 and 10.1.2.

A ferrous-metal enclosure of a ballast marked for Type 1 outdoor use shall be protected against

10.2.2 A ferrous-metal enclosure of a ballast marked for Type 2 outdoor use shall be protected against
corrosion as specified in Table 10.1.

Exception No. 1: The interior of a compound filled section of a ballast need not be so protected.

Exception Ng
comparative

conforming W
Among the fa
system are eX

. 2: A steel enclosure provided with an organic coating complies with this
fests with galvanized-sheet steel (without annealing, wiping or other sutfg
ith ASTM coating Designation G60 indicate the coating provides equivalg
ctors that are to be taken into consideration when judging the acceptability of
posure to salt spray, and moist carbon dioxide-sulphur dioxide-airmixtures.

Table 10.1
Sheet-steel coatings

requirement if
ce treatment)
bnt protection.
such a coating

Type of coating

Coating designation g
inches (m

r thickness in
m)

(A)
(B)

G60 or AG
Zinc coating other than Type (A) 0.00041 (0.0

Hot-dipped mill-galvanizedsteel

Da
04)°

@ Conforming w|
no less than 40

b Average thick

th the coating Designation G60 (galvanized)-of/A60 (alloy) in Table 1 of the ASTM Designation A6
percent of the zinc on any side, based on the\minimum single-spot-test requirement in the ASTM (

ess with a spot minus tolerance of 0.00007 inch (0.00178 mm).

b3/A653M, with
esignation.

10.2.3 Cute
likelihood of ¢

a) Mar

b) Mar
of G6(

10.24 A no

dges and punched holes.of a steel enclosure for a ballast need not be treated
prrosion if the ballastiis:

ked for Type 1 poutdoor use, and the steel enclosure is prepainted; or

or G90x-

nferrous enclosure for a ballast marked either Type 1 or Type 2 outdoo

to reduce the

ked for Type-t or Type 2 outdoor use and provided with a metallic ASTM coating Designation

use may be

employed wit

t H + 43
TOUT CUITOUSIUTT PTUTCUTIOTT.

10.3 Weatherproof ballasts

10.3.1

coating of zinc that complies with one of the following:

A ferrous metal enclosure of a weatherproof ballast shall be protected against corrosion with a

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G90 in Table 1
of the Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40 percent of the
zinc on any side, based on the minimum single-spot-test requirement in the ASTM specification.
The weight of zinc coating may be determined by any acceptable method; however, in case of
question, the weight of coating shall be established in accordance with the Standard Test Method
for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM
A90/A90M.
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b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 inch (0.015 mm) on each surface with a
minimum thickness of 0.00054 inch (0.014 mm). The thickness of the coating shall be established
by the Metallic-Coating-Thickness Test, Section 36. An annealed coating shall also comply with the

require

mentin 10.3.5.

10.3.2 Ordinary painting or ordinary baked enamel is not considered to provide the necessary degree of
protection for a cast-iron enclosure or exposed parts of a ballast core of a weatherproof ballast.

10.3.3 Hinges and other attachments of a weatherproof ballast shall be resistant to corrosion.

10.3.4 Metals shall be used in combinations that are galvanically compatible.

10.3.5 An an
the bent or fo
considered d

section is visi
considered to

11 Compou
1.1 Anencl
potting compo

Exception No,
surfaces are

spacings for a
Electrical Part.

Exception No.
with compoun

a) The

Protection Against Corrosion, Section 10; and

b) Spa
adjace

nealed zinc coating that is bent or similarly formed after annealing shalkalso
med area if the bending or forming process damages the zinc coating! The z
maged if flaking or cracking of the zinc coating at the outside radius’of the b
ble at 25 power magnification. Simple sheared or cut edges and-punched

be formed but extruded and rolled edges and holes shall comply with this requ

nd

bsed Type 1 outdoor, Type 2 outdoor, or weatherproof ballast shall be complg
und. See 10.2.2.

1: A ballast enclosure need not be completely filled with potting compound
n accordance with the requirements for Protection Against Corrosion in S¢
ny uninsulated live parts are in accordance with the requirements in Section 1

5

D.

2: An electronic-ballast enclosure need not be provided with potting or may bé
) if:

interior surfaces areprotected against corrosion in accordance with the re

Cings with orwithout a conformal coating that complies with Section 17, are 1
ht uninsulated live parts and any uninsulated live part and accessible dead met

11.2 Compo

temperature t¢_which it is likely to be subjected during normal and abnormal operation.

ndishall not soften to the extent that it does not perform its intended fuy

be painted in
inc coating is
ent or formed
holes are not
rement.

tely filled with

if the interior
betion 10 and
9, Spacing of

partially filled

quirements in

naintained for
al parts.

nction at the

q

A

ee 6.2, 14.4,

27.5, and footnote (b) of Table 25.1.

11.3 For a resistance ballast, a heat-resistant compound shall comply with the requirement in 11.2; but
another material may be used if, upon investigation, the material is found to have heat-resistant properties
intended for the application.

12 Insulating Materials

12.1 A coil shall be provided with insulation between the windings and the core and the enclosure, and
between windings that operate at a different potential or that are not electrically conductively connected to
each other. Insulation, unless inherently moisture resistant, shall be treated so as to be resistant to
moisture. Film coated wire does not require additional treatment to resist moisture absorption. See also
20.11.
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Exception: Bifilar wound coils, such as on an EMI filter, shall not be used with additional sheet insulating
materials between the coils, unless the coils are in a metal enclosure and are protected by a supply fuse of
5 amp or less.

12.2 For other than coil forms, a material used as the mounting of uninsulated live parts shall be
porcelain, phenolic, or cold-molded composition, or other thermoplastic or thermosetting material that
complies with the appropriate requirements for Polymeric Materials, Section 20.

12.3 Insulating materials of a coil device shall be rated for the temperatures involved in accordance with
the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B, as determined during
both the Normal Temperature Test, Section 25, and the Abnormal Temperature Test, Section 26 of this
standard. Also see 20.11.

12.4 A call
Temperature
insulation sys

Hevice that operates above Class 105 temperature limits as indicated-in| bgth the Normal
Test, Section 25, and the Abnormal Temperature Test, Section 26{ shall ihcorporate an
em that complies with the Standard for Systems of Insulating Materials — Gengral, UL 1446.

e insulation system is not required to comply with UL 1446 when the coil devige is located in

ballast and:

Exception: TH
an electronic

blves a potential less than 30 V rms (42.4 V peak);(and has power less [than 50 watts

ble when determined in accordance with 29.6;

a) Inv
availa
b) Is ap electromagnetic interference filter component:

1) Connected on the load side of an overcurrent protective device rated 5 A of less;
2) Incorporating a single winding; or

3) Incorporating rigid, fixed insulation between coils connected to opposite pd
a bobbin or spacer);

larity (such as

c)ls g bobbin with a

magné

winding consisting only. of film coated magnet wire wound on an insulating
tic core isolated from.ground or accessible dead metal; or

d) Dog accessible low

voltag

s not provide efegtrical isolation between primary and output or primary and
b circuits.

12.5 An ins
mm), or mica
semiconductd

Llating, pad made of silicone rubber and having a minimum thickness of 0.
and having a minimum thickness of 0.004 inch (0.10 mm) is acceptable for the

r.device to accessible dead metal provided the voltage is 120 volts (170 volts

05 inch (0.13
insulating of a
, peak) or less

between the

device's metat—part—and—its—mounting—Another—msutating—Tmateriat—can

be considered

acceptable provided the material has a Relative Temperature index as determined by the Standard for
Polymeric Materials— Long Term Property Evaluations, UL 746B exceeds the temperature found in the
Normal Temperature Test, Section 25, and the material acceptably withstands the Dielectric-Voltage
Withstand Test, Section 32.

12.6 An insulating material having a minimum thickness of 0.010 inch (0.25 mm) is acceptable for
insulation between the soldered side of a printed wiring board and the ballast enclosure provided the
material is prevented from bearing against sharp points, although random contact is acceptable. Potting
compound surrounding the liner is considered to provide adequate protection of the insulating liner. For
other applications, such as insulation between a wound coil and the ballast enclosure, a sheet insulating
material other than paper or polyester, shall have puncture resistance equal to or greater than the average
puncture force of 0.005 inch (0.13 mm) polyester.
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12.7 A Type 1 outdoor ballast that is not provided with an enclosure, such as in an open-core-and-coil
type, shall:

a) Be impregnated to reduce the risk of absorption of moisture.

Exception: A bobbin of nylon or other molded plastic meets the intent of the requirement without
further impregnation.

b) Have lead wire insulation that complies with 13.2.2.
c) Comply with the Humidity-Conditioning Test, Section 38.

d) Have rated output of 300 volts or less.

12.8 An outdoor rated ballast that is not potted into an enclosure or have conformally” dqoated printed
wiring board shall be subjected to the Humidity Conditioning Test, Section 38.

13 Supply ahd Load Connections

13.1 Terminpal and lead wire compartments
13.1.1 A terminal compartment or splice compartment for the connection of the source pf supply and
lamp lead wirgs shall provide field wiring space for the incoming wires and splices to the ballast lead wires.

Field wire sizelis expected to be 12 AWG (3.3 mm?). See 13.1.8.

Exception: A Rallast marked for use only in signs, in accordance with 45.5.1, is expected to have 14 AWG
(2.1 mm?) field wires.

13.1.2 The field wiring compartment volume shall be at least the sum of the number of th¢ specific wire
volume allowgnces from Table 13.1, multiplied by the number of specific wire sizes. Seg Section 42,
Volume Methdd of Measurement, for the procedure to determine the field wiring compartment volume.

Conductor size for determination of the -Ir-ﬁmfnl?nz terminal or splice compartment volume
Conductor volume

Yize of condiictor, AWG (mm?) in® (cd)
18 (0.82) 0.5 (8.2)
16 (1.3) 0.6 (9.8)
14 (2.1) 0.75 (12.3)
12 (3.3) 1.0 (16.4)
10 (5.3) 1.7 (27.9)

Example: An autotransformer ballast has a 120 volt input and operates two F32TB lamps in a rapid start design. All ballast wires
(2 supply and 6 lamp) are 18 AWG. There are two incoming 12 AWG supply wires and six incoming 18 AWG wires from the
lampholders.

Required Volume =14 x0.5+2x 1.0 =9in®=147.8 cm®

13.1.3 The wire count shall include:

a) Branch circuit wires entering a terminal or wire compartment (for the purposes of calculating

compartment volume, incoming supply wires are assumed to be 12 AWG (3.3 mm?) or 14 AWG

(2.1 mm?) per the exception to 13.1.1, and the lamp circuit wires are assumed to be 18 AWG (0.82
2y.

mm®<);
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b) Lamp wires entering a terminal or wire compartment;

c¢) Grounding wires provided with the ballast;

d) Ballast wires for the supply and alternate taps;

e) Ballast wires for the lamp;

f) Ballast wires for a capacitor, when the capacitor is externally connected; and

g) Any accessory control wires.

13.1.4 There shall be no openings in a terminal or splice compartment other than those provided for
drainage, and those required for mounting the ballast.

13.1.5 A hole for conduit in a weatherproof ballast, shall be threaded unless it is located wholly below the
lowest live paft of the device. Insulated wire leads are not considered to be live pafts,

13.1.6 A bughed hole for open wiring shall not be located in the top or Hack of a weatherproof ballast
unless a hood fitting is provided. If a bushed hole is located in a side above-ive parts, it shdll provide for a
downward dirgction of the wires leaving the enclosure. See 45.5.7.

13.1.7 A nipple provided with a weatherproof ballast for field conhé&ction to a splice box:
a) Shdll provide a smooth, rounded opening for the I1&€ads; and

b) Shqll be located in the bottom of the enclosure unless the leads are sealed within & nipple.
See 45.5.7.

13.1.8 The Words below, lowest, top, back;-side, above, downward, and bottom in 13.1.5-13.1.7 denote
relative positipns while the ballast is oriented as it is intended to be when mounted.

13.1.9 If threads for the connection of conduit are tapped all the way through a hole in a box wall, or if an
equivalent copstruction is employed, there shall not be less than 3-1/2 or more than 5 threads in the metal.
The constructjon of the device shall be such that a conduit bushing can be properly attached,.

13.1.10 If threads forthe connection of conduit are not tapped all the way through a holg in a box wall,
conduit hub, pr thelike, there shall not be less than five full threads in the metal. An inlget hole for the
conductors shallbe'smooth, rounded, and afford protection to the conductors equivalent tg that provided
by a standard cenduit bushing. The inlet hole shall have an internal diameter approximately equal to that
of the corresponding trade size of rigid conduit.

13.1.11 A terminal or splice compartment shall have provision for grounding when the incoming supply is
other than metallic conduit. The ground connection means shall be either a pig-tail lead wire or a wiring
terminal. A pig-tail lead wire shall be green in color, at least 6 inches (152.4 mm) in length, and equal in
gauge to the ballast primary lead wires. A wiring terminal shall comply with the requirements in 13.6. A
sheet metal screw shall not be used.

13.2 Lead wires

13.2.1 A ballast lead wire provided for the field supply connection or output connection shall be 18 AWG
(0.82 mm?) or larger and be a solid or stranded, copper conductor with or without tinning. Ballasts with a
factory-attached lampholder of a type that involves handling by the user during relamping (lamp
connector) shall employ stranded conductors in lead wires to the lampholder.
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13.2.2 The insulation on the lead wires of a ballast marked weatherproof, Type 1 outdoor, or Type 2
outdoor shall be a material resistant to moisture absorption, such as polyvinyl chloride (PVC). An outer
braid on a lead shall be treated to resist moisture absorption.

13.2.3 A rubber-insulated lead wire shall employ an outer braid.
13.2.4 Deleted December 11, 2007

13.2.5 The insulation on a lead wire shall be rated for the temperature and voltage involved. The
insulation shall be rated for a temperature of at least 90°C (194°F), or shall be rated for a temperature of
75°C (167°F) and have an outer braid. Primary lead wires and other lead wires in the primary circuit shall
have insulation rated for the maximum rated input voltage. All other lead wires, other than lead wires
connected to & low voltage Class 2 circuit, shall have insulation rated for the rated input vollage or output
voltage, whichHever is higher. Lead wires for a low voltage Class 2 circuit shall be rated. af least for the
voltage availaple in the circuit. Lead wires for a low voltage Class 1 — power limited-circuit shall have
insulation ratef for the rated input voltage or output voltage, whichever is higher.

13.2.6 Primgry lead wires are intended for connection to the supply source. Other lead wires in the
primary circuit| as described in 13.2.5, include:

a) A lead wire connected to a tap in the primary winding; or

b) A lepd wire connected to a winding intended to provide\current to heat the cathodes of a rapid-
start cifcuit if such a winding has one end common with either a primary lead wire ¢r a tap in the
primary winding.

13.2.7 A primary lead wire that is specified in Table-22.1 and is intended to be grounded:

a) Shall not be provided on a ballast haying a rated input voltage in the ranges of 20Q — 215 or 460
— 600 \olts; or

b) Shall be provided on a ballast-having a rated input voltage in the ranges of 100 — 150, 220 — 250,
265 — 280, or 340 — 350 volts, Unless the ballast operates correctly with either prinpary lead wire
connedted to the grounded.supply conductor.

13.2.8 A lead wire intended for the connection of a grounded power-supply conductor shall pe:
a) ldentified by-white or gray color;

b) Marked-with the letters "WH," "WHT," or "COM"; or

c) ldentified on an aftached wiring diagram in some manner. For example, the Tocation of the lead
wire exit on the diagram directly corresponds with the lead wire exit location in the unit itself.

13.2.9 A ballast having a rated input voltage outside the ranges specified in 13.2.7 may or may not have
a primary lead wire that is intended to be grounded, depending upon the intended supply system. See
45.2.2.

13.2.10 The surface of an insulated lead wire intended for connection of an equipment grounding-
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified. For an electronic ballast, a lead wire brought out and intended to be grounded shall be green in
color with or without one or more yellow stripes and shall be bonded directly to the accessible metal parts
of the enclosure.
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13.2.11 An electronic ballast having a lead wire brought out that is intended to be connected to an
isolated earth ground or connected to a special equipotential grounding point:

a) Shall be other than green in color with or without one or more yellow stripes;
b) Is not required to be bonded to the enclosure; and

c) Shall have an explanation on the ballast label indicating its purpose and connection.

13.2.12 The insulation on a lead wire not provided with a braid or a nylon jacket shall be at least 1/32
inch (0.8 mm) thick unless investigated and found to have properties intended for the application.

13.2.13 Thepnoplastic-insulatedwire—used—as—ateadwire—orforinternalconnestions—shall have an

insulation having a minimum thickness of:

a) 1/64 inch (0.40 mm) for a starting voltage of 600 volts peak or less;
b) 1/32 inch (0.80 mm) for a starting voltage of 2500 volts peak or less; or

¢) 3/64 inch (1.20 mm) for a starting voltage of 5000 volts peak or less.
Exception: If fated for the voltage involved wire with thinner insulation/meets the intent of the| requirement.

13.2.14 A neoprene-insulated lead wire provided on a ballast.intended for outdoor use shall employ an
outer braid unless the insulation on the lead is at least 3/64 inch (1.2 mm) thick.

13.2.15 A ballast lead wire shall be at least 6 inches (152 mm) long.
Exception: THe length of lamp lead wires for a ballast intended for use with a circline lamp is|not specified.

13.2.16 If tuping and a lampholder are, provided on ballast lead wires to a circline lamp with the intent of
complying with the applicable requirements in the Standard for Luminaires, UL 1598, the tubjing shall:

a) Be g@cceptable for at least90°C (194°F);
b) Have a wall thickness of at least 0.017 inch (0.42 mm); and

c) Cover the entire-length of the lead wire except up to a 1/2 inch (12.7 mm) maximum at each end

Exception:\When all lamp lead wires do not exit from the same opening of the ballastlenclosure, the
may—be—reduced y—the—rrRam—an y y)mmodate the

bifurcation of the wires.

13.2.17 A ballast may be provided with a connector for connection of non-integral lead wire by means of
a wiring harness with at least 6 inch (152 mm) leads for connection to the supply circuit, and a mating
connector. The connector shall be suitable for the application. The mating connector shall have a detent,
and shall be wired or keyed uniquely so as to reduce the risk of electric shock due to improper connection
of the mating parts.

13.3 Flexible cords

13.3.1  For a simple reactance ballast of a through cord or a direct plug in type, the conductor of the
incoming cord or plug blade that is intended to be grounded, shall be directly connected to the conductor
of the outgoing cord that is intended to be grounded. For the through-cord ballast, there shall be no
difference in potential between the conductors of the incoming and outgoing cords that are intended to be
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grounded when the ballast is in operation. For the direct plug in ballast, there shall be no difference in
potential between the plug blade and the outgoing cord that is intended to be grounded when the ballast is
in operation.

13.3.2 An attachment plug of a through cord or other cord connected ballast shall be provided on the
supply end of a cord, see 13.3.4 — 13.3.6. The overall length of the supply and lamp cords, and ballast
shall not be less than 6 feet (1.83 m) and the length of the supply cord between the plug and the ballast
shall be between 2 — 4 feet (0.6 — 1.22 m).

13.3.3 The insulation on a cord shall be rated for the temperature and voltage to which it is subjected
during normal operation. See 46.3.1 for cord types to be used.

13.3.4 A power-supply cord of a through-cord or other cord connected ballast, or the blades of a direct
plug-in ballast] shall terminate in a 2-pole, 3-wire, 15-ampere, 125-volt grounding attachmen{ plug or in a 2
pole, 2-wire, 16-ampere, 125-volt polarized plug. A power-supply cord shall comply with' the|requirements
of Cordsets and Power Supply Cords, UL 817. A ballast determined to have an‘output gre¢ater that 150
volts shall be provided with a grounding type plug. Also see 22.8 and 45.5.3.

13.3.5 If a 2;conductor flexible cord is provided for connection to the source of supply, the conductors
shall be conngcted to a parallel-blade attachment plug as illustrated in Eigure 13.1. If only tvo blades are
provided with|a direct plug in ballast, the blades shall be connected as shown in Figyre 13.1. The
dimensions of|the blades are to be as shown in Figure 13.2. Fapasimple reactance ballast, the smaller
blade shall copnect directly to the ballast. The larger blade shall.connect to outgoing cord ag described in
13.3.1.
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Figure 13.1

Connectors to attachment plug

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

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED
OUTER SURFACE @

CONDUCTOR NOT INTENDED . TQ BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)P

CONNECTIONS OF CORD CONDUCTORS TO POLARIZED
ATTACHMENT PLUG (FACE .QF PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TQ BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

DUNDED
AB100 (IDENTIFIED CONDUCTOR)®

2 The blade to which the green or green and yellow conductor is connected may have a U-shaped cross section instead of the

circular cross section shown.
® The conductor intended to be grounded signifies a conductor identified in one of the following ways:

1) A white or gray colored conductor insulation;

2) A light blue colored conductor insulation when the other conductors are colors other than white or gray;
3) Have a rib or ribs running the length of the cord; or
)

4) Have tinned or white metal on all strands of the conductor.
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Figure 13.2

Polarized plug dimensions

Face of plug

Hole, if used, is located as
. shown and is 3.2 mm diameter
13.8 . chamfered to 4 mm diameter

18.2/15.9 O

6.6/6.1 Viewed from the plug face
All dimensions are metric
Dimensions are max/min, if rioted

................ [ ] \
1.6/1.4
127 | ke
............... I B I I
16/1.4
Adaopted from NEMA publication
General Purpose Wiring Devices, WD—1
with english dimensions converted| to
metric ond rounded to 0.1 mm.
SM862 8.2/7.8

13.3.6 When the flexible cord includes an.equipment-grounding conductor, that conductor shall be green
in color with of without one or more yellow.stripes. The conductors of the flexible cord shall pe connected
to a parallel-blade, 3-wire grounding_attachment plug as illustrated in Figure 13.1. The grounding
conductor shall be connected to the ballast enclosure, when constructed of metal. The grounding lead is to
be crimped, of crimped and soldered, to the ballast enclosure. The dimensions of the bladep are to be as
shown in Figufe 13.2. The greunding conductor shall also connect to a conductor on the outdoing cord and
shall be green in color with, or without one or more yellow stripes. For a simple reactange ballast, the
smaller blade [shall connect directly to the ballast. When both blades are the same size, the right blade
shall connect directly to the ballast when viewed with the ground pin on top.

13.4 Bushiqgs

13.4.1 A bushing shall be provided where a lead wire or flexible cord enters the enclosure of a ballast,
and shall protect the insulation on the lead or flexible cord from damage.

13.4.2 An insulating bushing employed in a ballast intended for outdoor use shall be made of non-
absorptive material. Polymeric materials shall have a flammability resistance rating of at least V-2 and a
temperature rating exceeding the temperature found in Normal Temperature Test, Section 25.

13.4.3 A smooth metal grommet, a turned-over punched hole in a sheet-metal enclosure, an insulating
bushing securely held in place, or a smooth hole in an end piece of insulating material meets the intent of
providing a bushing where a lead enters the enclosure.

13.4.4 An insulating bushing, not less than 1/16 inch (1.6 mm) thick, shall be used where a flexible cord
or lighter service than Type SV enters an enclosure.
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13.5 Strain relief
13.5.1 Strain relief shall be provided on a lead wire or a flexible cord to resist stress on the lead wire or
cord from being transmitted to the interior wiring or connections or to the terminals of the attachment plug.

See the Strain-Relief Test, Section 39.

13.5.2 A lead wire or flexible cord that is embedded in compound inside the enclosure at the wire
entrance is considered to be provided with the necessary strain relief.

13.6 Terminals

13.6.1  Wire hinding screws or pressure-type terminals provided for field wiring terminals shall comply
with 13.6.2 — [13.6.11.

13.6.2 A terminal intended for the connection of a grounded power-supply conductor-as specified in item
(a) of Table 22.1 shall be:

a) A pressure-type wire connecting means identified by a plating substantially white{ in color (such
as nickel);

b) Of 4 metal that is substantially white in color;
c) Otherwise colored white, marked with letters "WH," "WHT," or "COM"; or

d) Ideptified on an attached wiring diagram in some manner. For example, the lpcation of the
terminpl on an attached diagram directly corresponds with the terminal location in thg unit itself.

13.6.3 A terminal intended for the connection of\the earth grounding supply conductor shall be identified
by one of the following methods:

a) ldentified by a plating substantially-green in color;
b) A machine thread screw, at least 8-32 thread, with a hexagonal head, green in col¢r;
c) Thejword "ground”, theyetters "G," "GND," or "GR", or the symbol in Figure 13.3;

d) Ideptified on an“attached wiring diagram in some manner. For example, the lpcation of the
groundling wire orferminal on the diagram directly corresponds with the grounding wire or terminal
locatign in thelunit itself; or

e) A pan-head screw colored green, when used as a pressure terminal means for grounding in
juncti i T
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Figure 13.3

Grounding

13.6.4 A wiri
by a screw.

13.6.5 A wir
equivalent to h

13.6.6 A wirg¢-binding-screw terminal or a pressure~terminal connector shall be recessed

that it will be u

Exception: Wi
the field wiring
or between liv

13.6.7 A pre
Standard for V/
a 12 AWG (3.3

13.6.8 A terminalplate having a tapped hole for a wire-binding screw shall be of metal

0.030 inch (0.}

ng terminal shall be provided with a soldering lug or pressure-wire connector,

ng terminal employing a wire-binding screw‘shall be provided with upturne
old a wire under the head of the screw.

hlikely that wires will contact live parts after installation of the device.

[e binding screws need not be-recessed or otherwise located provided the spa
terminals is at least the-dimensions given in Table 19.1 between parts of op
b parts and dead metal parts.

ssure type wire connector intended for the connection of supply leads shall cq
Vire Connectors, UL 486A-486B, be rated 600 volts, and be capable of conne
mm?) or 14AWG (2.1 mm?) supply wire.

6 mum) thick and shall have not less than two full threads in the metal.

bolted or held

d lugs or the

or located so

cing between
bosite polarity

mply with the
iction to either

not less than

13.6.9 For a binding screw having 32 or more threads per inch, a terminal plate formed from stock 0.030
inch (0.76 mm) thick may have the metal extruded at the tapped hole for the binding screw to provide two

full threads.

13.6.10 A wire-binding screw shall thread into metal.

13.6.11
per inch.

A wire-binding screw shall not be smaller than No. 6, and shall not have more than 36 threads

13.6.12 A push-in (screwless) field wiring terminal (one in which a stripped copper conductor is inserted
and automatically locked in a wire entrance hole) meets the intent of providing a current-carrying
connection if it complies with Tests on Push-In Terminals, Section 40, and the requirements specified in
45.7.3. A push-in wiring terminal for connection of supply leads shall only allow for the termination of the
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branch circuit conductor supplying the ballast, and not provide for additional connections, unless the push-

in wiring termi

nal has been evaluated to handle full branch circuit current.

13.6.13 A push-in type field wiring supply terminal shall be provided with a 3/8 inch (9.5 mm) minimum
clearance and creepage distance measured from the recessed contact to accessible dead metal.

14 Live Parts

14.1

Iron or steel, plain or plated, shall not be used for parts that are depended upon to carry current.

Exception No. 1: This requirement does not apply to current-carrying parts of a component covered by

requirements

separate from this standard See 3.1

Exception No
would not be
splice them.

14.2 A soldg¢red connection shall be mechanically secured before being soldered. The cg

be insulated U

Exception: If
without mech
that stress on

14.3 An uni
position if sud]

14.4 Live pa
are covered W

14.5 Foilso
Boards.

15 Capacitors

15.1 If capa

after the ballast is_deenergized, the capacitor shall be equipped with a positive means fg

2: Steel may be a live part if it is in a parallel path with copper or alumintum’cq
subject to corrosion — for example, a steel ring that is crimped around two

nless the spacings are in accordance with Spacing of Electrical Parts, Section

imechanical security of a soldered joint is impracti¢al) or impossible, a joint
anical security before soldering, provided both sides of the joint are secured
the connection, either during or after manufacturing process, will be unlikely.

hsulated live part shall be permanently mounted and secured to resist turnin
h motion may result in a reduction of spacing below minimum values.

rts that are mechanically secured and positioned with respect to dead metal
ith compound are considered to'be insulated.

h a printed wiring board 'shall be subjected to the requirements of Section 18,

citor is connected so that a voltage is available at any of the external leads

stored charge

within 1 minuteafter the capacitor is disconnected from the source of supply.

so.that the difference in potential between the capacitor terminals will be 5

bnductors, and
conductors to

nnection shall

19.

imay be made

in such a way

b or shifting in

parts and that

Printed Wiring

Dr connections

r draining the
D volts or less

Exception: This requirement does not apply to a capacitor:

a) Rated not more than 0.06 microfarad and charged to a potential of not more than 500 volts peak;

or

b) Charged to less than 7.5 mJ when using:

where

C=is

J =120V

the capacitance, in farads

V = s the charged voltage, in volts.
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15.2 A capacitor connected so that it does not discharge through the ballast windings shall discharge to
a potential 50 V peak or less within one minute through a bleeder resistor. The maximum resistance value
of a bleeder resistor shall be determined by this relation:

S50voits =V, * e'x¢

in which:
R is the resistance in ohms

C is the capacitance in farads

tis 60 seconds
V., is the voltage on the capacitor

e is base e

The value of the discharge resistance is able to be determined by the simplified relation:

K
k=<
in which:
R is the resistance value in megohms,
K is the resistor factor determined from Tablg“15.1, and
C is th¢ value of the capacitor in microfarads.

Table 15.1
Bleeder resistor factor (k)

Voltage

Peak rms Factor (k
0-100 0-70 85
01<110 71-78 76
11=120 79-85 70
121 -130 86 —92 63
131 -140 93-99 55
141 -150 100 - 106 54
151 -170 107 - 120 50
171 -200 121 -141 44
201 -240 142 - 169 39
241-280 170 -197 35
281-325 198 — 230 32
326 - 375 231-265 30
376 —450 266 — 318 27

Table 15.1 Continued on Next Pade
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Table 15.1 Continued

Voltage
Peak rms Factor (k)
451 -500 319-353 26
501-700 354 —495 23
701 -1000 496 — 707 19
1001 — 1400 708 — 999 18

15.3 The potential specified in 15.1 and 15.2 is the maximum voltage measured between capacitor

terminals unde

without a lam

from the Normpal-Temperature Test, Section 25.

15.4 The v(g

terminals dur

see Voltage N
capacitor tern

cycle, and for

with the requ
be used withi

155 A pOW}r’

15.6 A pres
movement of]
initiated by a
amount of cle
construction.

Exception No

Exception No
the protector

15.7 An oil-

aranyv condition—of - bhallast anaeration D_obers
—ay—6eRaror—o+o t—OpPetatton

ion, operation

........... TP opPTTT

b, and operation with a deactivated lamp or lamps — while the ballast is in a he

ltage rating of a power capacitor shall not be less than the potential develo
ng normal operation with any lamp, or combination of lamps_for-which the b
leasurement — Power Capacitors, Section 31. In addition, the potential develo
ninals shall not exceed 140 percent of the rated capacitor.voltage during the
the abnormal-operation tests.

capacitor employing a dielectric medium of wax ot of liquid other than askar
ements for protected oil-filled capacitors in thexStandard for Capacitors, UL
its rated voltage.

sure-interrupting-type capacitor as deseribed in 15.5 relieves an internal fau
the terminal end of a capacitor englosure to break the circuit internally. The
N internal pressure during a fault condition, causing expansion of the capag
arance space in a ballast, not ineluding the potting compound, is dependent o

1: A thermally protectéd capacitor does not need additional clearance space.

2: Clearance space in the potting compound need not be provided, if an inves
bperation of a\capacitor is not adversely affected.

illed power capacitor shall be rated not less than the maximum available fault

to which it maly be subjected, as follows:
a)lf CLWWWMW

ated condition

ped across its
allast is rated,
bed across the

lamp-starting

bl shall comply
810, and shall

It condition by

movement is
itor body. The
n the capacitor

tigation shows

current (AFC)

b) The maximum current available to the capacitor under capacitor short-circuit conditions or under
ballast operation, whichever is greater, as determined by an investigation. The ballast operating
conditions are to include:

1) Normal operation with the lamp or lamps for which it is marked; and

2) Abnormal operation without the lamps.

In lieu of determining the maximum current by test when the capacitor is in series with the lamp, a
fault current rating of three times the normal lamp current may be used.

Exception: A capacitor need not have an AFC rating provided it is:

a) Intended for EMI filtering rather than power factor correction;
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b) Rated 1.0 uF or less; and

c¢) Located inside a metal ballast enclosure.

15.8 A power capacitor employing a dry-metallized film construction and located outside the ballast
enclosure shall comply with the construction requirements for capacitors as described in the Standard for
Capacitors, UL 810, and shall be used within its rated voltage.

15.9 A dry-metallized-film capacitor operating at a voltage of 330 volts or less need not have a maximum
available fault current rating. A capacitor operating at a voltage of more than 330 volts may be subject to a

special investi

15.10 Acros{
Fixed Capacit
Electromagne

Exception: Th
a) Enc
b) Enc

c)Ont

!

gation to determine the need for a fault current rating.

brs for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
ic Interference Suppression and Connection to the Supply Mains, UL 60384-1

b capacitor is not required to comply when it is:
sed in potting compound;
sed in a metal enclosure; or

he load side of a fuse or foil trace rated 5 A or less.

16 ProtectiVie Devices Provided in Class P Protected Ballasts

16.1 Other t
opens the pow

nan as noted in 16.2, a Class P protected ballast shall be provided with a
er-supply circuit to the ballast beforedhe ballast temperature exceeds the limi

Section 27, Fault-Condition Test — Conventional Magnetic Ballasts — Class P Protection an

Increased-Am

16.2 A Clas
protector nor
Section 28 wh
Class P Prote

16.3 The prg
input-current r|

a) Autd

bient Temperature Test — Class R Protection.

5 P protected electroniC ballast is not required to be provided with a dis
be subjected to the,Increased-Ambient Temperature Test — Class P Prote
en the ballast complies with the, Section 29, Fault-Condition Test — Electro
tion without the-pretector functioning (when provided).

tector shallhave a voltage rating and a current rating not less than the input-v
htings Of the ballast, respectively. The protector shall be either:

matieally resetting (thermostatic) type acceptable for the control of a fluoresd

A Tn tha QiAo rd £y T arad nd—R

B

the line capacitors less than 1 pF shall comply with the applicable requirs

bments in the
Capacitors for
1.

protector that
ts specified in
d Section 28,

crete thermal
cted Ballasts,
nic Ballasts —

bltage and the

ent ballast as

specifi

walndicatina o a
O i aiC—otarraara— 1ot rorperatareTmacatTyg— ariG— T\C

nt, UL 873.

Compliance with the Standard for Automatic Electrical Controls for Household and Similar Use,
Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL
60730 series fulfills these requirements; or

b) Nonrenewable, nonresetting (a thermal fuse or thermal cutout) as specified in the Standard for
Thermal-Links — Requirements and Application Guide, UL 60691.

Exception: A protective mechanism other than as specified in this Section may comply with this
requirement if investigated and found to provide equivalent thermal protection.

16.4 When a ballast has a supply lead wire or terminal intended to be grounded, the protector shall open
the side of the line not intended to be grounded. See 13.2.7, 13.3.5, 13.6.2, and Table 22.1.

16.5 The protector or protectors shall be located within the ballast so that they are:


https://ulnorm.com/api/?name=UL 935 2024.pdf

FEBRUARY 23, 2024 UL 935 29

a) Protected against mechanical damage; and

b) Difficult to remove or tamper with without damaging the ballast.

A protector located under the final wrap of insulation provided on an open core-and-coil simple reactance
ballast is considered to be an inaccessible location.

16.6 A simple reactance ballast that:
a) Has an integral starter; or

b) Is intended for other than with a straight tubular lamp

shall be provided with a thermal protector that opens the power supply circuit to the-ballast before the
ballast tempdrature exceeds the limits specified in Fault-Condition Test — Class P{Rrotected Ballasts,
Section 27 and Increased-Ambient Temperature Test— Class P Protected Ballasts,; Section 28. The ballast
shall be marked in accordance with the requirements specified in 45.6.1. This’ is also| applicable to
through-cord and direct plug-in ballasts.

16.7 A Clas P ballast marked "Type HL" for use in a Class |, Division'2 hazardous (clasgified) location
fixture shall have:

a) A thermal protector fully submerged in potting compound;
b) A he¢rmetically sealed protector;
c) A protector immersed in oil; or

d) No protector.
See 45.7.6.

16.8 A foil trace on a printed wiring beard designed so it opens in the event of a short circuit shall be:
a) Potfed or conformally-coated,;
b) In a|location determined inaccessible to deter defeat;
c) Subjected tothe Limited Short Circuit Test, Section 34, for foil traces;

d) Subjectedto the Foil Trace Calibration Test, Section 35; and

e) Subjected to periodic, randomly specified, retesting as described in Appendix B.
17 Protective Devices Provided in Other Than Class P Protected Ballasts

17.1 A fuse or other thermally actuated element that is provided in a ballast other than a Class P ballast
that, without such element, would exceed any of the limits specified for the normal- and abnormal-
temperature tests described in Normal-Temperature Test, Section 25 and Abnormal-Temperature Test,
Section 26 shall be:

a) Non-automatically reclosing;
b) Intended for the application; and

c) Located so that it cannot be replaced or readily serviced.
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17.2 The thermally actuated element shall be located in the same manner as described in 16.5.
17.3 The addition of a fuse or other thermally actuated element to a ballast shall not result in
temperatures higher than those that would otherwise exist and shall not cause ignition of insulation or

compound under any condition of normal or abnormal operation, including capacitor short circuit.

18 Printed Wiring Boards

18.1 A printed wiring board shall be intended for the application. The criteria shall include:
a) The bonding of the foil to the substrate for the minimum conductor width and maximum
unpierced area as required by the Standard for Printed Wiring Boards, UL 796;
Excepffon: Printed wiring boards that are completely encased in potting compound or conformal
coating are not required to additionally comply with UL 796.
b) Theg temperatures measured in the Temperature Test, Section 25, ‘shall be less than the
temperature rating of the substrate as required by the Standard for Rolymeric Maferials — Long
Term Property Evaluations, UL 746B; and
¢) Thelflammability of the printed wiring board substrate shall he'no less than V-1 in accordance
with the Standard for tests for Flammability of Plastic Materials for Parts and Appliances, UL 94.
19 Spacing pf Electrical Parts
19.1 General
19.1.1 Spacihgs for clearances (through air) and creepage distances (over surface|of insulating
material), inclyding the point of field wiring, shall.be at least as described in 19.1.2 and 19.11.3 and Table
19.1 for:
a) Uninsulated live parts of opposite-polarity; and
b) An Uninsulated live part and.a dead metal part that is able to be grounded, a metal part exposed
to contact by persons, or-aimetal surface on which the ballast is mounted as intended
19.1.2 A dead metal partjsuch as the head of a screw or rivet, is determined not to be exposed to
contact when {t is recessed to clear the surface by at least 3/16 inch (4.8 mm) in a hole not more than 9/32
inch (7.1 mm)n diameter.
19.1.3 When measuring a spacing, an isolated dead metal part located between uninsulatgd live parts of

opposite polarity, or befween an uninsulated Tive part and a dead metal part, is determined to reduce the
spacing by an amount equal to the dimension of the isolated dead metal part in the direction of the
measurement.

19.1.4 For an uncoated printed-wiring board, the minimum spacing between adjacent foil traces shall be
at least as specified in Table 19.1. For printed wiring boards that are covered with potting compound or a
conformal coating, the minimum spacing between the adjacent foil traces prior to coating shall be as
specified in the first row of Table 19.1.

Exception No. 1: When the power available between two insulated parts is less than 50 watts when
determined in accordance with 29.6, the spacing is not required to comply with this requirement.

Exception No. 2: The minimum spacing is determined by the dielectric voltage withstand test described in
32.10.
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19.1.5 Where a conformal coating is used as described in 19.1.4, the conformal coating shall comply
with the requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C.

19.1.6 For components mounted along the edge of a printed wiring board, clearances between parts
described in 19.1.1 are to take into consideration the possible movement of the component and the printed
wiring board itself. When applying the limits in Table 19.1, the printed wiring board is positioned, when
movement is possible, in the direction that yields the smallest clearance between the parts in question.

19.2 Alternate method

19.2.1 The dimensional requirements described in 19.1 are a summary of requirements from the
Standard for| Insulation Coordination Including Clearances and Creepage Distances| for Electrical
Equipment, UL 840. Additional clearance and creepage distances between conductive [parts that are
rigidly held in|place and reliably spaced in production are determined using UL 8407)Parts that are rigidly

held in place
requirements
Creepage dis

19.2.2 Whe
Clearances 4
ballast is iden

19.2.3 Whe
Clearances
pollution, it is
construction 4§
apply:

A

g

a)ADb

degreg 3.

b)Ab
2.

c) The
that ¢
Equip

d) Add

And reliably spaced in production include conductors on a printed wiring boar
in UL 840 shall not be used for field wiring terminals or spacingsto-a dead m
ances shall not be less than clearances.

W using the requirements specified in the Standard for(Insulation Coordina
nd Creepage Distances for Electrical Equipment, UJI 840, to determine ¢
lified as operating on supply circuits having an overvoltage category of Il.

W using the requirements specified in the Standard for Insulation Coording
nd Creepage Distances for Electrical Equipment, UL 840, to determine
possible that the ballast be evaluated with’ different environmental pollution g
ffects to what extent environmental pollution enters the enclosure. The follow

bllast marked for weatherproof or outdoor type 2 use is exposed to environm

bllast marked for indgor.or outdoor type 1 use is exposed to environmental p

portion of aprinted wiring board covered with a potting compound or a con
mplies withithe requirements in the Standard for Polymeric Materials — Us
ent Evaluation, UL 746C, is exposed to environmental pollution degree 1.

itiohal applications are determined as a result of a special investigation.

. The spacing

etal enclosure.

tion Including
earances, the

tion Including
environmental
egrees so the
ing conditions

ental pollution

llution degree

formal coating
e in Electrical

19.2.4 Printed wiring boards constructed of Types XXXP, XXXPC, G 10, FR 2, FR 3, FR 4, FR 5, CEM 1,
CEM 3, GPO 2, or GPO 3 industrial laminates in accordance with the Standard for Polymeric Materials —
Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring
Boards, UL 746E, are identified to have a minimum comparative tracking index (CTI) of 100 [PLC=4]
without further investigation.
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Table 19.1

Spacings for indoor and outdoor locations

Maximum voltage between parts, Vrms (Vpeak=1.4 Vrms) [clearance/creepage

distance]

Locations / dimensions in millimeters

50

150

300

450

600

750

900

1050 1200

Parts potted or subsequently coated

-/0.18%

-/0.3?

-/0.7

-/0.8

-/0.8

-/3.2 -14.2

mounting®

For Indoor & Outdoor, Type 1: Live
parts reliably positioned AND insulator
CTI 2600 (PLC=0); example: lead
wires of a transistor or diode to its

0.2/0.6

0.5/0.8

1.5/1.5

-[2.25

3.0/3.0

-13.75

-14.5

-/5.8 -16.0

CTI <600 (PLCH|
adjacent foils on

or lead wires of g
its mounting®

For Indoor & Outgoor, Typettive
parts reliably poditioned AND insulator

B or 4); examples:
brinted wiring board
transistor or diode to

U.ZI'T.Z

U.O/'1.0

1.975.U

=I4.0

0.U/0. 1

=Ir.o

=I9.U

710.5

-112.0

For Outdoor, Typ
Live parts reliabl
insulator CTI =26
lead wires of a trg
mounting®

E 2 & Weatherproof:
positioned AND

0 (PLC=0); example:
nsistor or diode to its

0.2/1.5

0.5/2.0

1.5/3.7

-/5.6

3.0/7.5

-(9.5

-M11.4

-113.3

-1156.2

For Outdoor, Typ
Live parts reliably
insulator CTI <6
examples: adjac
wiring board or Ig
transistor or diod

e 2 & Weatherproof:
positioned AND

0 (PLC=3 or 4);

bnt foils on printed
ad wires of a

b to its mounting'

0.2/1.9

0.5/2.7

1.5/4.7

7.1

3:0/9.5

-111.9

-14.3

-116.7

-[19.0

Parts on printed
soldered in place]
production prior t}
parts or parts on
to enclosure whej
deflect.9

iring boards that are
but can move in
b soldering to fixed
brinted wiring board
Fe enclosure can

3.0/-

3:9/-

4.71-

5.6/-

6.5/-

7.4/-

B.2/-

Live parts and d¢

construction whe|
vary due to randd
coil assembly plg
production.

ad metal parts in a

conventional magnetic ballast

Fe the coil size can
m wind OR where
cement can vary.n

3.2/6.4

3.2/6.4

6.4/9.5

6.4/9.5

9.5/9.5

9.5/9.5

9.5/9.5

9.

b/12.7

12.79.5[12.7

Field wiring termi
and fixed live or ¢

hals to eachyother
ead metalparts

Not
defined

6.4/6.4

6.4/6.4

6.4/6.4

6.4/6.4

Not
defined

Not
defined

d

Not
tfined

Not
defined

2 Or as determing

d fromthe investigation of the Conformal Coating, whichever is greater.

® When the insul

in which D is distance and V is volts.
9 Other dimensions of creepage distance calculated by the following for voltages less than or equal to 160 V:

D =0.004V+0.976

and the following formula for voltages greater than 160 V:

in which D is distance and V is volts.
¢ Other dimensions of creepage distance calculated by the following formula for voltage less than or equal to 160 V:

minimum required creepage distance is 9.5 mm.

D=0.002F+0.5

and the following formula for voltages greater than 160 V:

D =0.005V+0.007

D=001V+0

¢ Other dimensions of creepage distance calculated by the following for voltage less than or equal to 160 V:

" PR i ! s " tal L : — ! Lo £ }alalorsral
tmMgaterarmvoiveu IS ot readty - CaroomZet— 10T eXampre; porceianT or urea-rormaraenyaepor

elain — the

Table 19.1 Continued on Next Page
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Table 19.1 Continued

Maximum voltage between parts, Vrms (Vpeak=1.4 Vrms) [clearance/creepage
distance]

in which D is distance and V is volts.

D=0.005V+1.26

and the following formula for voltages greater than 160 V:

D=0.126V+0

D =10.0057V+1.61

and the following formula for voltages greater than 160 V:

D=0.016V+0

T Other dimensions of creepage distance calculated by the following formula for voltage less than or equal to 160 V:

in which D is disfance and V'is volts.

in which D is disjance and V is volts.

D =0.0059V + 2.09

9 Other dimensigns of clearance calculated by the following formula for voltages between 150 and 1050 volts;

20 Polymerjic Materials

20.1

shall comply

regarding usd of a material as an enclosure.

Table 20:1

Summarized enclosure requirements

requiremen

A polymeric material, thermoplastic or thermosetting, used to prévide all or part of the¢ enclosure for
electrical parts as specified in 8.1.1 or used to provide structural support of live parts as sp
with the requirements of this section. Table 204 summarizes the specific

ecified in 12.2

ts

Ballasts with fixed
mounting and
potted or'no live
parts\within 0.8

Ballasts with fixed
mounting and
having live parts
within 0.8 mm of

Cord connected
or direct plug-in
type ballasts and
potted or no live

Cprd connected
direct plug-in
type ballasts and
gving live parts

o

=2

mm of the the enclosure parts within 0.8 within 0.8 mm of
enclosure mm of the the enclosure
enclosure
Relative Tempefature Index (RTI) see 20.3 see 20.3 see 20.3 seg¢ 20.3
Impact — 5 ft-Ib 4t room temperature yes yes no no
Impact — 3 ft drqp at room.temperature | no no yes yeq
Impact — 5 ft-Ib gonditiening with minus | yes, when outdoor | yes, when outdoor no no
17.8°C (0°F) forf outdoor type 1 and rated rated
minus 35°C (mihas 31°F) for outdoor
type 2 and weatherproof
Molded stress relief distortion yes yes yes yes
UV stability yes yes no no
Flame resistance 5VA 5VA V1 or better V1 or better
Comparative Tracking Index (CTI) Not applicable PLC =4 or less Not applicable PLC =4 or less
(more resistant) (more resistant)
Hot Wire Ignition (HWI) Not applicable PLC =3 or less Not applicable PLC =3 or less
(more resistant) (more resistant)
High Ampere Ignition (HAI) Not applicable PLC =2orless Not applicable PLC =2orless

(more resistant)

(more resistant)

Note — This table is a summary of requirements contained in the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C, and therefore shall not be identified as complete. Additional considerations are specified in UL 746C.
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20.2 In applying the requirements of UL 746C, a ballast is to be considered permanently connected
equipment, a ballast with a cord or a direct-plug in ballast is to be evaluated as a portable, non-attended
equipment.

20.3 Regarding the Relative Thermal Endurance (RTI) in accordance with the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C, the polymeric material rating depends on

the type of ballast and shall:

a) For a ballast intended for fixed mounting;

1) Have a mechanical temperature index, determined with respect to impact and long-term

aging, of at least 90°C (194°F); and

b) For @ cord connected or direct plug-in ballast;

Exception: A 1
the temperatu
upon past fiel
Term Property

20.4 The iny
Equipment EV
rated ballasts
Outdoor Type
test. The test 1
application, th
plywood is to

conditioning chamber and then secured to the plywood.

Exception: Th

2) Have an electrical temperature index, determined with respect to long-ter
least 90°C (194°F) when the part is involved in the direct or indirect support.of

1) Have a mechanical temperature index, determined with respect to impact
aging, of at least the measured temperature; and

2) Have an electrical temperature index, determined with“respect to long-ter
least the measured temperature when the part is involyed in the direct or indir
a live part.

haterial without an RTI rating complies with this requirement when it has beel
‘e as a generic material class in accordance*with the table for relative thermal
)-test performance and chemical structure in the Standard for Polymeric Ma
Evaluations, UL 746B.

estigation in accordance with the Standard for Polymeric Materials — Useé

shall be subjected to theyminus 35°C (minus 31°F) conditioning prior to th
1 rated ballasts shall.be.subjected to the minus 17.8°C (0°F) conditioning prio

b test sample shall’be mounted to a 3/4—inch thick plywood panel, 24 inche
be placed onta concrete floor. The test sample is able to be removed from th

b drop-test shall be conducted when the fluorescent lamp ballast (such as cord

M aging, of at
a live part.

and long-term

m aging, of at
ect support of

) accepted for
indices based
ferials — Long

in Electrical

aluations, UL 746C, shall:include the ball impact test. Weatherproof and Oditdoor Type 2

b impact test.
to the impact

hethod in UL 746 specifies the test sample is to be mounted in the intended manner. For this

5 square. The
e temperature

connected or

direct plug-in

ype)'is not provided with a mounting means.

20.5 The mold stress-relief distortion testing specified in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C, shall be conducted only by the air-oven method, not by the
test cell method.

20.6 The severe conditions and abnormal operation testing in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C, are not to be conducted.

20.7 A push-in field wiring terminal at the point of exit from the enclosure shall have a flame resistance
rating of at least V-2, even when the terminal closes an opening in the ballast enclosure.

20.8 When a ballast or accessory has a polymeric enclosure and is potted with epoxy, the polymeric
enclosure shall have a flame resistance level of V-2 or better. The end-use qualifying flame test shall be
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conducted, in accordance with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C, and shall be applied to the outside of V-2 material.

20.9 A material used for the direct support of live parts, or within .03 inches (0.8 mm) of a live part, as
defined in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, shall
comply with the requirements in the table for mechanical/electrical property considerations for maximum
temperature limit of polymeric material based upon its functional end use product in UL 746C.

Exception: A material is not required to comply with Table 20.1 when it has been tested in the application
in accordance with UL 746C.

20.10 The enclosure material shall comply with ultra violet light (UV) Stability described in the Standard
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: Cqrd connected or direct plug-in ballasts do not require the UV Stability.

20.11 Polya
filled, are app|
temperatures
better. Nylon
the Standard
Use in Electri

for these matgrials.

20.12 A ball
National Elec
not exceeding
for Surface B
and Visible S
UL 2043. Se€d

PERFORMANCE

21 General

211 To def
input/output

abnormal temperature, and dielectric voltage withstand, representative samples of the b

subjected to t

mide thermoplastic coil forms (Type 6, 11, 12, 66, 6/0, or 6/2 nylen), either u
ropriate for use in insulation systems which operate at or below.Class 105 (Cl
Polymide thermoplastic coil forms shall have a flame resistance calssificg
pr similarly classed polyamides are not required to meet'direct support criteri
for Polymeric Materials — Coil Forms, UL 1692, and-the Standard for Polyme
cal Equipment Evaluations, UL 746C. The volumelresistivity is not required tg

ast with a polymeric enclosure and intended-for use in air handling spaces as
rical Code, ANSI/NFPA 70, shall employ a polymeric material having a Flame

25 and a Smoke Developed rating not exceeding 50 when tested to the Sta
urning Characteristics of Building Materials, UL 723, or the Standard for Fire

also 45.5.9.

ermine whether a ballast complies with the applicable performance reg
heasurements, leakage current, risk of electric shock measurements, norma

ne tests described in Sections 22 — 26 and 32 and to other performance tests,

nfilled or glass
ass A) hotspot
ation of HB or
a described in
ric Materials —

be measured

defined in the
Spread rating
ndard for Test
Test for Heat

moke Release for Discrete Products and their Accessories Installed in Air-Handling Spaces,

uirements for
| temperature,
allast shall be
hs applicable.

Exception No. 1: Separate samples are to be subjected to the Limited Short-Circuit Test, Section 34, when
applicable.

Exception No. 2: When agreeable to those concerned, separate samples are able to be used for the tests
described in 27.6 and for the Increased-Ambient Temperature Test — Class P Protected Ballasts, Section
28.

21.2 A Class P protected ballast shall be subjected to the conditioning described in 21.3, prior to
conducting tests in Fault-Condition Test — Class P Protected Ballasts, Section 27, and Increased-Ambient
Temperature Test — Class P Protected Ballasts, Section 28.

21.3 All samples of Class P protected ballasts to be used in the Fault Condition Test — Class P Protected
Ballasts, Section 27, and in the Increased Ambient Temperature Test — Class P Protected Ballasts,
Section 28, are to be subjected to the following conditioning: Class P protected ballasts are to be
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conditioned for 12 — 72 hours in an oven in which the temperature is maintained at 3.0°C (5.4°F) less than
the rated opening temperature of the protector when a thermostatic protector is used, and at 5.0°C (9.0°F)
less than the rated opening temperature when a thermal fuse protector is used. A sample in which the
protector opens during this conditioning is not to be used for tests.

Exception: Samples that are to be subjected to the Limited Short Circuit Test, Section 34, are not required
to be subjected to the conditioning.

21.4 A reactor ballast for use on direct current is to be tested using a resistor as specified by the
manufacturer.

21.5 When testing a resistor-type ballast intended for use in conjunction with a reactance ballast, the
circuit is to be pstablished as specified by the manufacturer of the reactance ballast.

21.6 Other than as noted in 21.9, all tests are to be conducted with the ballast connectgd to a supply
circuit of rated|frequency. The voltage of the supply circuit is to be:

a) 120 polts for a product rated less than 120 volts;
b) 240 polts for a product rated from 220 volts up to and including-240 volts;

¢) 120 polts or 277 volts, as described in 21.7, for an electrénic ballast capable of opgrating from a
nomingl 120 volts to a nominal 277 volts (also known as.universal input); or

d) The|maximum rated voltage of the ballast, for a ballast rated other than as mentioped in (a) and
(b). Seg Table 22.1.

Exception: Reparding (b), the voltage of the supply.Circuit is to be the maximum rated voltage of the ballast
when:

a) The |ballast is rated in the range 0f220 — 240 volts and intended to comply with the|requirements
in 13.2]7 and 45.2.2;

b) The pallast is rated in the\range 220 — 240 volts and 50 hertz; or

c¢) The pallast is rated for-220 volts, 60 hertz, and marked "for export only."

21.7 For ballasts having-the ability to accept a range of input voltages that are either selegted manually
by wiring the Hallast during installation or by automatic, self-adjusting circuitry, the following fests are to be
conducted as smmended:

a) The mput/Output-Testof Sectionm 22 s to beusedto confirmtheappropriateness of marked
ratings. The current and wattage is to be measured at the low range of the input voltage, and in
turn, the high range, with the supply conductor grounded as intended.

b) The Leakage-Current Test of Section 23 is to be used to determine the amount of electrical
leakage current from the enclosure. Internal ballast circuitry which includes capacitors from line to
ground greatly influences the amount of leakage current. The leakage current is to be measured at
the highest range of the input voltage with a single side grounded supply, and in turn, the highest
range of input voltage with a balanced to ground supply.

c) The Temperature Tests of Sections 25 and 26 are to be used to determine the maximum
temperature of insulating materials and ballast mounting surfaces. Temperatures are to be
measured at the low range of the input voltage, and in turn, the high range, with either a single side
grounded or balanced to ground supply as is the convention for the voltage involved.
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d) The Fault-Condition Tests of Sections 27 and 29 are to be used to determine the consequence
of a single component failure (open or shorted). The test is to be conducted with the sample
connected to the low range of the input voltage, with either a single side grounded or balanced to
ground supply as is customary.

e) The Dielectric Voltage-Withstand Test of Section 32 is to be used to determine the adequacy of
the dielectric property of insulating materials. The computed test potential is to be determined by
using the high range of input voltage.

21.8 For ballasts with the ability to accept a family of lamps in a range of lamp wattages or shapes, the
following tests are to be conducted as amended:

e) The
of insy
or sho
aresu

21.9 Anballg
more severe

21.10 In ger

lamp measurement. For the foil around the lamp test, the current to ground
lamp that resulted in a ballast condition of the greatest voltage to ground at

ing materials and ballasts mounting surfaces. Temperatures are to be meas
nat resulted in the greatest input\current or wattage in the Input Test.

>ss of marked
ange of lamp

ctrical leakage
be considered
esulted in the

en affected by
e used for the
vill be greatest
bne end of the

emperature of
ired using the

Abnormal-Temperature/Test of Section 26 is used to determine the maximuin temperature

lating materials and ballast mounting surfaces during an abnormal of either de
ted starter. Measuretemperatures using the lamp that resulted in input curren
t of the preheat.or deactivated lamp condition.

5t rated 50+—~.60 hertz need only be tested at 60 hertz unless testing at 50 hert
onditiop.

eralythe voltage in other than the primary supply circuit is to be measured usi

activated lamp
or wattage as

Z represents a

ng a voltmeter

or voltmeter-r

a aof nat lacae than 40 NAN Ao A

Ay Anpab ot A oy iy o raciotona
TOTapPCT COTToTmT atuoTT ravitilyg- o 1o3rstanTcC—OT Ut 1TSS tart 1O, 000 OIS I

r volt. Meters

having higher input impedances are to be employed whenever it is warranted by the impedance of the
circuit under test.

2111

When determining values of voltage, a true rms indicating meter having a frequency response at

least three times the frequencies involved and having an adequate crest factor (ratio of peak to rms)
should be used. If applicable, consideration should be given to the d-c component of the waveshape. If a
referee rms-voltage measurement is necessary, a meter with an input impedance of 10 megohms shunted
by 30 picofarads of capacitance is to be used.

21.12

megohms minimum) input probe is to be used.

If it is necessary to determine peak-voltage values, an oscilloscope with a high-impedance (10
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21.13 Prior to making the measurements in Sections 22 — 24, it may be necessary to make a preliminary
review using an oscilloscope to determine the nature of the available currents. An a-c/d-c meter is to be
employed for the recording of d-c with or without a-c.

21.14 To determine compliance with the marking requirements in 45.3.1 — 45.3.3, the power factor is to
be calculated by determining the ratio of the active power to the apparent power. The active power is to be
measured with a wattmeter capable of indicating the true rms power in watts. The apparent power is to be

the product of the input voltage and the true rms current.

22

22.1

Input/Output Measurements

The current input, the measured output voltage, and the measured voltage to ground shall not be

more than 11
number and
frequency in

until thermal efuilibrium is reached.

22.2 Any commercial lamp for which the ballast is marked may be employed when ¢

current-input

more than 11
which the mg
percent. If the
test are to be ¢

22.3 When't
started with a

22.4 Theou
terminals or |
operation, op
include measy
of:

a) Atw

b) An ¢

225 Thevol
ballast and a {

a
Eation without a lamp, and-gperation with a deactivated lamp or lamps —

percent of their respective marked ratings when the ballast is controlling
ize for which it is marked, and when the ballast is energized at the-inpu
cordance with 21.6. For the measurements, the ballast and lamps are to be

lamps of any
I voltage and
operated first

bnducting the

easurement mentioned in 22.1. If the input to the ballast 'exceeds the marked rating by

percent when such a lamp is used, the ballast may be retested with a sel
asured lamp wattage, at rated lamp-operating voltage, equals rated lam
results of the input test with the selected lamp arg€)acceptable, the results of]
isregarded.

ne current input for a ballast connected as-a“preheat circuit is measured, the
manual-starter switch or equivalent starterthat does not continually draw curre

ut voltage mentioned in 22.1 refers.to the maximum voltage measured betwe
d wires of a ballast under any condition of ballast operation — including

rements between primary\terminals, or lead wires, and secondary terminals,

b-winding transformer (isolating-type) ballast; or

lectronic ballast with an isolating output transformer.

age to.ground mentioned in 22.1 refers to the voltage between any terminal or|
oint at ground potential in a conventional branch circuit to which the ballast or

bcted lamp of
b wattage +2
the first input

lamp is to be
nt.

en any pair of
normal lamp
but does not
or lead wires,

lead wire of a
dinarily would

be connected

under the conditions of operation described in 22.4, but does not include neasurements

from the primary terminals or lead wires, nor does it include measurements from the secondary terminals
or lead wires of a two-winding transformer (isolating-type) ballast. The voltage to ground may or may not
exist as a voltage between lead wires.

22.6 Output voltage and voltage to ground are to be measured only to those terminals or lead wires that
will normally be provided on a ballast and are not to be measured to those terminals or lead wires provided
only for measurements as described in 25.4.

22.7 Table 22.1 specifies the power-supply system to be employed in measuring voltage to ground. See
13.2.7-13.2.9,13.3.5, 13.6.2, and 45.2.2.
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Table 22.1
Primary power supply for output-voltage test
One primary lead intended to be Power-supply system to which
Primary voltage rating of ballast, volts grounded? primary leads are to be connected
100 - 150 Yes bore
200-215 No c
220 -250 Yes b
220 -250 No d
265 -280 Yes bore
340 - 350 Yes e
140 — 500 No c
600 — 600 No dor’c

@ When the ball
described in 13]

® Two-wire, sing

¢ Four-wire, 3-p

¢ Four-wire, 3-p|

4 Three-wire, silgle-phase, with neutral grounded. Ballast leads connected to ungrounded conductors.

hst has a lead or terminal that is intended to be connected to the grounded power-supply cohducto)
6.2 or 13.2.8 or terminal is to be connected to such conductor.

le-phase, with one wire grounded.

hase, Y-connected, with grounded neutral. Ballast leads connected to two ungrounded conductors

hase, Y-connected, with grounded neutral. Ballast leads connected.tofphase conductor and neutrg

I, identified as

22.8 For an

any output teqminal or lead and any input terminal or lead shall not be more than 150 volts,

circuit open
frequency in
open. If a high
ohm resistor.

22.9 A reacfor ballast with a primary voltage rating of less than 150 volts complies with th
in 24.2.6, and|need not be tested.

23 Leakage-Current Test

23.1 A ballapt shall be tested in accordance with 23.2 — 23.10; the leakage current shall no
that specified|in Table 23.1:

Exception: Th

isolating transformer-type ballast intended for.use in a portable lamp, the vo

br under normal operating conditions and“the ballast energized at an inpy
accordance with 21.6. A nonelectronie\ballast need only be tested with the
-impedance voltmeter is used for thelmeasurement, the input is to be shunted
See 45.5.3.

e leakage current for a simple reactance ballast is not required to be measureq

Itage between
with the output
t voltage and
output circuit
with a 10,000-

e requirement

t be more than

Table 23.1
Leakage current

Type of ballast

Maximum measured voltage®

Maximum leakage current, Meter
Indication Units (MIU)®

AC
AC

150 volts or less

greater than 150 volts

0.5MIU
0.75 MU,

b See 2.14.
®See 45.5.4.

@ See 22.4 for description of input/output voltage measurement.



https://ulnorm.com/api/?name=UL 935 2024.pdf

40 UL 935 FEBRUARY 23, 2024

23.2 Leakage current refers to all currents, including capacitively coupled currents, that are conveyed
between exposed conductive surfaces of a ballast and ground during any condition of ballast operation,
including normal lamp operation, open circuit operation, and operation with a deactivated lamp or lamps. It
does not measure the current for all modes of ballast operation when it is determined that one mode, for
example no lamps, results in the most severe current.

23.3 During the leakage-current measurement, the core and the metallic case of a power capacitor that
could be in random contact with the ballast enclosure are to be conductively connected to the ballast
enclosure unless the construction, such as an interposing sheet insulation, specifically precludes such
contact.

23.4 The leakage current from the enclosure is to be measured to the grounding supply conductor of the

measurement
tested using a|
as an electrod

circuit test transformer, see Figure 23.1. A ballast having a nonmetallic encl
metal foil with an area of 10 by 20 centimeters in contact with the surface) of
e for the test probe.

bsure is to be
the enclosure

23.5 Typical [measurement circuits for leakage current with the ground connection open arg illustrated in
Figure 23.1. The meter input network is defined in Figure 23.2. The meter that is actually used for a

measurement

defined instrument; it is not required to have all the attributes of the defined instrument. §

Over the frequ
be as follows:

a) The
with th
instrum

b) The
with th
instrun
reading
multipl
voltags

is to indicate the same numerical value for a particular measurement as is in

ency range 20 Hz to 1 MHz with sinusoidal currents, the performance of the in

measured ratio V,/l; with sinusoidal voltages.is)to be as close to the ratio V
b resistance and capacitance values of the meter input network shown in Figu
ent is able to measure.

measured ratio Va/l; with sinusoidal®oltages is to be as close to the ratio V
b resistance and capacitance values of the meter input circuit shown in Figul
ent is able to measure. V; is to'be measured by the meter M in the defined in
of meter M in RMS volts is converted to MIU by dividing the reading by 500 o
ing the quotient by 1000:"The mathematic equivalent is found by multiply
reading (in volts) by 2:

Figure 23.1

Circuit for leakage-current test

Hicated by the
ee also 21.6.
strument is to

/l; calculated
re 23.2 as the

b/1, calculated
e 23.2 as the
strument. The
hms and then
ing the RMS

g AUTOTRANSFORMER
ST
1
: |
1 _,_7
! —T 1
SUPPLY! | ]
st i 0 J__ A S218B : I BALLAST
' 1
| 1 — l
T | I Y
~— [INSULATING TABLE]
53988 ISOLATION TRANSFORMER BALLAST CONNECTION

£ 1 L
TNETWORKI _IMETER

EARTH GROUND =
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23.6 The test circuit is to employ an isolating transformer. The grounded test conductor is to be
connected to a reliable ground. Switch S2 is to have an intermediate off position.

23.7 A sample of the ballast is to be tested for leakage current in an ambient temperature of 25 +5°C (77
1+9°F). The supply voltage, V in Figure 23.1 is to be adjusted to the voltage and frequency specified in
21.6. The use of any commercial lamp to measure leakage-current meets the intent of this requirement.
However, when the leakage current exceeds the value specified in Table 23.1, the ballast is able to be
retested using only lamps of which the measured lamp wattage at the rated voltage of the lamps equals
rated lamp wattage +2 percent. The results of the first leakage-current test are to be disregarded when it is
determined that the results of the retest using the specified lamps comply with this requirement. In the
following section, the MIU value is to be calculated either from the meter reading when the meter indicates
millivolts or read directly from the meter when the meter indicates MIU. The test sequence with reference
to Figure 23.11S 10 be as follows:

a) With switch S1 in the off position and switch S2 in the intermediate off posijtion,’thg line switch is
to be dlosed and the input voltage is to be adjusted to the maximum rated voltage of the ballast.

b) With switch S1 in the off position, switch S2 is to be transferred to ‘position A arjd the leakage
currenf is to be measured. Switch S2 is then to be transferred to position B and the Igakage current
is to b¢ measured.

¢) Swifch S2 is to be returned to the intermediate off positionand switch S1 is to be|closed, switch
S2 is fo be transferred to position A and the leakage curfent is to be measured within 5 seconds.
Switch S2 is then to be transferred to position B and the\leakage current is to be megsured within 5
secongs after the transfer.

d) With switch S2 in the intermediate off position, the ballast is to be operated|until constant
tempefatures are obtained. Switch S2 is to be‘transferred to position A and the leakage current is
to be measured. Switch S2 is then to be fransferred to position B and the leakage qurrent is to be
measyred.

e) Switch S2 is to be returned tothe intermediate off position and switch S1 is to|be turned off.
Switch S2 is to be transferred to position A and the leakage current is to be measurefl. Switch S2 is
then tg be transferred to position B and the leakage current is to be measured.
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Figure 23.2

Meter input network

TO BALLAST ENCLOSURE

| J MEASUREMENT CIRCUIT

: FOR REACTION

|

| 1500Q —~0.22 uF

|

L % 70 [RMS
v 10KQ VOUTMETER

| ; VV : >

|

I (i\ L (’L\

| 5000 \IZ/ 0.022 wkF“Y_— \\/Iz}

|

| | |
<! | | >
S3989 _?_

23.8 For the|measurements involving an electronic ballast, the lamps and ballast are to be|arranged in a
test fixture as ghown in Figure 24.1 while:the ballast supply is connected as shown in Figure 23.1.

23.9 A sample is normally subjected to the entire leakage-current test, as specified in|23.7, without
interruption fof other tests. Whenrequired, the leakage-current test is able to be interrupted to conduct
other nondestifuctive tests.

23.10 Usingfa commetrcially available meter having the network shown in Figure 23.2 or byilt to conform
to the figure r¢lated t0.-the Measurement Instrument for Reaction in the Standard for Safety for Leakage
Current for Utilization Equipment, UL 101, meets the intent of these requirements.

24 Risk of Electric Shock Measurements
241 General

24.1.1 In order to reduce the risk of electric shock, during relamping, a ballast shall comply with the
applicable requirements in 24.2 and 24.3.

24.1.2 With reference to the test conditions specified in 24.2.4 and 24.3.2, if agreeable to those
concerned, a ballast may be located outside of the fixture wireway as illustrated in Figure 24.1.

24.2 Ballast lead and lamp pin measurements

24.2.1 A ballast shall be tested as described in 24.2.3, 24.2.4, or 24.2.6, without exceeding the specified
voltage or current limits, as applicable.



https://ulnorm.com/api/?name=UL 935 2024.pdf

FEBRUARY 23, 2024 UL 935 43

Exception: The test is not required to be conducted when the ballast is a simple reactance type and is
operated as a preheat circuit, or is marked in accordance with 45.4.4.

24.2.2 For the tests described in 24.2.3, 24.2.4, and 24.2.6, the ballast is to be energized with the input
voltage and frequency in accordance with 21.6.

24.2.3 For a two winding (isolated) transformer ballast, the lamp of a single lamp ballast is to be removed
from the lampholders. For a multilamp ballast, each lamp, in succession, is to be removed from its
lampholders and then replaced. The current from each lead (or lampholder terminal) to ground is to be
measured. For the current measurement, a noninductive 500 ohm resistor or the meter input network in
Figure 24.2 is to be connected between ground and each lead (or lampholder terminal), in turn, and the
current through the resistor is to be measured. The measured values of current shall not exceed the
values specified in 24.2.7, Table 24.1, or Table 24.3.

Figure 24.1

Test setup for leakage-current and shock-current measurements

Ppsition of lamp for through—Ilamp Use Fig.
measurements.@ 22.2.1 or
500 ohm

resistor

p—

Measuring pojnt
for metal foil P

Hixture |

ireway L 12" o 5/8"
€127 to 15.9 mm)
z
Ballast
under test
Network d —— Earth ground
Network ©
L If metallic, ballast case is to be conductively connected
to fixture wireway and to earth ground for lamp measurements.
S2608E

@See24.2.4.
b See 24.3.2.
¢ See 23.5.

4 See Figure 24.3.
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Figure 24.2

Alternative circuit — through lamp

To Lamp

15000% —~ 0.22 uF
% 10KQ)

To |Meter
VIV >
20KQ
5000 —— 0.0091uF
0.0062 uF
>

S390%A =
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Note 1: The currg
a lamp and contg
reaction to currer

Note 2: To deter|
frequencies is sh

Figure 24.3

Reaction current network

TO METAL FOIL
AROUND LAMP

(@,
R1 C1
2006Q T 200pF
Vin
AAAA o
R3
CURRENT oK Q C,
<0.2mA Ry —— 0.022uF Vout JEER
AT 60Hz 2000 v
o O,
S3249A

t and frequency are related.

bwn in Table 24.2.

mine response of an actual network, a signal genérator and a voltmeter can be used. The res

nt network consists of two portions. Ry-C4-R, represent a badysimpedance compensation for a single hand grasping
cting a grounded surface with a knuckle. R3-C, representafrequency sensitive compensation (o

weighting) where

bonse at selected

Table 24.1
Shock=current measurements
Maximum peak M.I.U.® when using the Maximum current when using a 500 ohm
network in Figure 24.2 resistor as (dnﬁﬁﬁerlir%?)% ;2 s; %%)or 24.2.4
Frequepcy (hertz) Pin
60 prless 7.07 7.07
80 7.07 8.17
500 7.07 8.64
1000 7.07 10.76
2500 7.07 15.71
5000 7.07 23.02
10,000 or more 7.07 43.45°%¢

@ Straight-line interpolation between adjacent values in the table is to be used to determine the maximum current values

corresponding to frequencies not shown.

® To be calculated by determining the peak voltage across a noninductive 500 ohm resistor when using an oscilloscope.

¢ Impulses greater than 43.45 milliamperes peak at the lamp pin are in compliance after further investigation as indicated in note d
has been conducted. However, for a rapid determination, a wide-band true rms indicating meter is to be used to determine when a
complex waveshape is below 30.7 milliamperes (rms) at the lamp pin. When a spectrum analyzer and a 1000X attenuator probe
are used, the analyzer displays the rms voltage of the various component frequencies. For frequencies of 10 Khz and above the

maximum values of voltage across the 500-ohm resistor is 15.3 millivolts (-36.3 dBV) at the lamp pin.

Table 24.1 Continued on Next Page
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Table 24.1 Continued

Frequency (hertz)

Maximum peak M.1.U.® when using the
network in Figure 24.2

Maximum current when using a 500 ohm

resistor ag described in 24.2.3 or 24.2.4
22 (milliamperes peak)

Pin

4 Impulse peaks greater than 43.45 milliamperes peak at the lamp pin, including dynamic modes of operation such as starting, are
in compliance when after further oscilloscope evaluation, the waveform has been determined to meet the intent of the
requirement. Consideration is to include pulse width, height, repetition and rms equivalent, minimum off time such as in a starting
sequence and method of body contact for the particular shock-current measurement.

¢ M.1.U. stands for meter indicating units and is the millivolt peak from the meter divided by 500. It is the peak value of a 60 Hz

sinusoidal current in mA. It is not a direct indication of the peak leakage current when the frequency is other than 60 Hz. In making
the calculation for M.1.U., the meter reading in millivolts is always divided by 500 regardless of frequency.

Table 24.2
Reaction current network attenuation
Attenuation?®

Frequency (Hz) Ratio (Vin/Vout) (dBV)
60 1000 60.0

100 1010 60.1

500 1207 61.6

700 1365 62.4

1000 1656 64.4

2000 2629 68.4

5000 4353 72.8
10000 5129 74.2
20000 5403 74.7
50000 5489 74.8
100000 5503 74.8

@V, = 1 volt and|dBV = 20 log, (Vout/Vin).\See Figure 24.3.

24.2.4 A lamp of a single lamp ballast, and each lamp of a multilamp ballast in turn is to be femoved from
the lampholder at one end: The meter network shown in Figure 24.1 is to be connected bgtween one of
the accessiblg lamp pins"and ground (see Figure 24.1). The measured values of current shall not exceed
that specified |in 24327, Table 24.1, or Table 24.3 with a noninductive resistor of 500 ohms across the

meter input tefminals or that specified in Table 24.1 with the meter and network described in Figure 24.2.

Unless a certain ialllp conditiomisknowntobemostsevere 'uy buillg theeasiesttostart, measurements
are to be made under the following possible conditions:

a) Operation within a fixture, or equivalent, see 24.1.2 and Figure 24.1;

b) With the ballast controlling:

1) A standard lamp or lamps; and

2) An energy saving lamp or lamps, when the ballast is marked for use with such lamps;

¢) With the ballast controlling:

1) A new lamp or lamps; and

2) A conditioned lamp or lamps;
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d) With a lamp or lamps that are:
1) At room temperature; and

2) Heated from normal operation — the measurements are to be made
possible.

e) With a lamp or lamps that are deactivated, for a multilamp ballast.

24.2.5

as quickly as

If the 500 ohm resistor described in 24.2.4 causes a "shut-down" mode of operation of an

electronic ballast, the value of resistance may be increased, but not more than 2000 ohms, total.

2426 Forg 0 ore-40-wa
rated 34/35 to be removed from the lamp
multilamp ballast, each lamp is to be removed, in turn. In addition, all lamps may be remove
potential to gfound from each lead (or lampholder terminal) is to be measured for|each
measured values shall not exceed 175 volts rms and 300 volts peak at any).of the ba
lampholder tgrminals). For a two or three lamp ballast where the lamps are ‘eonnected in
lead circuit, tHe measured values shall not exceed 175 volts rms and 325 volts/peak during t
one lamp operating.

24.2.7 For gulsed waveforms, an oscilloscope shall be used todetermine the maximum
the pulse while taken over the interval of the pulse. To be a pulsed waveform, the pulse mus
time of at leagt one second. Compliance of the pulse output is.t0 be determined using the tin
limits describgd in Table 24.3.

Table24.3
Time and.current limits

apid-start lamps

olders. For a
d. The voltage
condition. The
last leads (or
a series-start
he condition of

RMS value for
t have an "off"
he and current

hm resistor as

Plulse time duration, seconds (T) Current limit (rms), mA when using a 500 o}
described in 24.2.3 or 24.2.4
0.000 001 to 0.004 1=6.3T-07
0.004 to 0.021 1=300
0.021 to 0.55 1=20T-07

greater than-0.55

1=20T%7 or Table 24.1 whichever gives the gre

hter limit

asurement (electronic ballasts)

24.3 Foilm
24.3.1 Forjw electronic ballast, the ballast is to be connected as illustrated in Figure 24.1,

and energized

at an input voltage and frequency in accordance with 21.6. A piece of metal foil 2 inches (51 mm) wide is
to be wrapped around the entire circumference of the lamp, and the foil is to be moved along the

longitudinal axis of the lamp as illustrated in Figure 24.1. A lead from the foil is to be attache

reaction current network shown in Figure 24.3. The measured current shall not exceed 0
through the 200 ohm resistor if the frequency is 60 hertz. When using an rms indicating

d to the lamp
.2 milliampere
voltmeter, the

voltage at the network output shall not exceed 40 millivolts (minus 28 dBV), regardless of the frequency.

Exception No. 1: For a quad-type compact lamp, the foil need not fit into the crevice between bulb tubes.

Exception No. 2: The test need not be conducted if the ballast is marked for use only with compact lamps

rated less than 20 watts.

24.3.2 The measurements using metal foil as described in 24.3.1 are to be made unde
conditions:

r the following
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a) Oper

ation within a fixture, or equivalent, see 24.1.2 and Figure 24.1;

b) Normal operation;

¢) With

the ballast controlling:

1) A standard lamp or lamps; and

2) An energy-saving lamp or lamps, if the ballast is marked for use with such lamps; and

d) For a multilamp ballast, the other lamp or lamps are to be:

1) Removed from the circuit, in turn; and

25 Normal-1

25.1 A ballag
accordance w
when correcte

Exception: A
12.0°C (77.0 4

25.2 The ten
(77°F) shall ng

25.3 Regard
known as the
average temp|
average limit i

the thermocol
exceeded pro

254 It may
the temperatu
be identified t
capacitors ma

2) Deactivated.

emperature Test

th 25.4 — 25.20. The maximum temperature shall not exceed\those specified
H to 40°C (104°F), if necessary.

hrough-cord or a direct plug-in ballast is to be tested in an ambient tempe
3.6°F).

perature on any surface inside a terminal ©Or splice compartment when corr

erature of the entire coil fram_ihternal hot spots to the cooler, outer surfag
5 lower than the internal hot-spot, or system limit. The thermocouple measure
gives the temperature of the cooler, outér surface, hence the limit is lower than the averag

t shall be tested within an oven operating at a temperature of 40.0'+5.0°C (10

t be more than 60°C (140°F) unless the ballast is marked in accordance with 4

ng coil insulation systems values.in~Table 25.1, the insulation system tempe
internal hot spot temperature. The change of resistance measurement met

ples measurement method is primarily for convenience. The thermocouple
ided the average-coil'temperature by the change of resistance method is not &

4.0 £9.0°F) in

in Table 25.1

rature of 25.0

bcted to 25°C
5.7.1.

rature is also
hod gives the
e, hence the
ment method
b limit. Use of
limit may be
xceeded.

e necessary to‘test a modified sample, with additional lead wires that are extended, so that

e of eachicoil of a ballast may be measured by the resistance method. The leg

d wires are to

o facilifate making measurements. Thermocouples for determination of temperatures on
y be mounted during assembly of the ballast.

Table 25.1
Maximum acceptable temperatures

2
3. Fuses
4

Coil insulation systems

Class 105 Insulation systems:

Materials and components °C °F
A. COMPONENTS
1. Capacitor (other than oil filled) 2 @
Capacitor (oil filled) 70 158

Table 25.1 Continued on Next Page
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Table 25.1 Continued

Materials and components °C °F
Thermocouple method 90 194
Resistance method (fully potted) 105 221
Resistance method (open core and coil) 95 203

Class 130 insulation systems:

Thermocouple method 110 230

Resistance method 120 248
5. Potting compound b b
6. Printed-wirngboards a a
7. Internpl wiring a a
8. Soldefed joint of a resistance ballast 150 302

B. ELECTRIGAL INSULATION

ized fiber employed as electrical insulation for other than coil systems 90° 194

-
>
%)
c

ce upon which the ballast is placed or mounted in service 90 194

2. An exposed surface of a resistance ballast 150 302
3. On thg case of an enclosed ballast and on the outer surface of an apen-core-and-coil ballast 90 194
4. Asurface of a direct plug-in or through-cord ballast 75 167
5. Interigr surface of field splice compartment See See

25.3 25.2

@ There are noImperatureS specified; the rated temperature gf’the material or component is to be used.
b Unless the material is thermo-setting, the maximum potting"compound temperature, when corrected to a 40°C (104°F) ambient
temperature, shall be:

1) Atlgast 15°C (27°F) less than the softening point of the compound as determined by the Standard Test Methods for
Softenjng Point of Resins Derived from Pine Chemicals and Hydrocarbons, Ring-and-Ball Apparatus, A§TM E28;

2) At Igast 15°C less than the softening point of the compound as determined by the Standard Test Meth¢d for Softening
Point qf Bitumen, (Ring-and¢Ball*Apparatus), ASTM D36/D36M; or

3) At lgast 25 °C less than.the softening point of the compound as determined by the Standard Test Methpd for Vicat
Softenjng Temperature of Plastics, ASTM D1525.

®Vulcanized fibgr that has been investigated and found acceptable for use at a higher temperature may be used af that higher
temperature.

25.5 During the test the ballast is to be supported as described in 25.9 and as illustrated in Figure 25.1.
The floor between the heaters and the ballast under test is to be of a thermal insulating material. The test
compartment of the enclosure is to have internal dimensions of 24 by 24 inches (610 by 610 mm). The
floor of the test compartment is to be 22 by 22 inches (559 by 559 mm), permitting an air space of 1 inch
(25.4 mm) all around the floor for circulation of the heated air. A 3-inch (76.2-mm) deep heater
compartment is to be provided below 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
remainder of the enclosure. One of the sides is to have a 6-inch (152-mm) square opening located
centrally at the bottom edge of the test compartment, and the enclosure is to be constructed so that the
only possibility of air circulation will be through this opening. The opening is to be covered by an aluminum
shield positioned so that it extends 1/2 inch (12.7 mm) beyond the perimeter of the opening. Also see 25.8.

25.6 The heat source used for the test enclosure described in 25.5 is to consist of four 300-watt, 230-
volt, strip heaters having heating surface dimensions of approximately 1-1/2 by 12 inches. The elements
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are to be connected in parallel to a 120-volt supply source. The elements are to be mounted in the 3-inch
(76.2 mm) 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 2-1/2 inches (63.5 mm)
from the adjacent inside wall of the compartment. The elements are to be controlled by a thermostat.

25.7 In lieu of the oven construction described in 25.5 and 25.6, the oven may be a commercially
manufactured oven having still-air convection heating. The heaters are to be located below the floor of the
oven compartment, and 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
ballast enclosure. The volume of the oven compartment is to be between 5-1/2 ft> (0.156 m®) and 8 ft°

(0.226 m®).

25.8 Prior tolthe test, the ballast — not energized — is to be placed in the test enclosure

reach the tem

25.9 The bal
the test enclog
the enclosure
square openirn
opening is not

25.10 During
21.6.

25.11
to conduct m
combinations

25.12 The cu

25.13 |If the
possible to rai

25.14 Thea
test enclosure
sensing portio|
from the nearq

The ballast is to supply the number and size of lamps for which it is marked. It may

erature of the heated air therein.

ast is to be in its normal operating position, supported 3 inches (76.2‘mm) abg
ure by two 3-inch wooden cleats, and is to be centrally located with’ respect {

g specified in 25.5. During the test, the enclosure is to be located so that
exposed to drafts or rapid air currents.

the test, the ballast is to be energized at an input ¥oltage and frequency in ac

ore than one temperature test in order to determine temperatures usin
or which the ballast is marked.

rrent input shall not be less than'90 percent of rated current input.

current input to a ballast™being tested is less than 90 percent of its rated va
be the input current to the Tequired test value by blanketing the lamps.

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

Thermocouples as described in 25.15— 25.18 are to be located so that the)
hs are 3 inches (76.2 mm) from the floor of the test enclosure, and not less
st wall.

until all parts

ve the floor of
o the sides of

Electrical connections may be brought out of the enclosure:through the 6-ipch (152-mm)

the shielded

cordance with

be necessary

j other lamp

ue, it may be

ure within the
temperature-
than 3 inches
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Figure 25.1

Test enclosure (see 25.5)
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25.15 Temperatures on capacitors and on the case are to be measured by thermocouples. The
thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than 30 AWG
(0.05 mm?). The thermocouples and related instruments are to be accurate and calibrated. The
thermocouple wire is to comply with the requirements specified in the Tolerances on Initial Values of EMF
versus Temperature tables in the Standard Specification for Temperature-Electromotive Force (emf)
Tables for Standardized Thermocouples, ASTM E230/E230M.

25.16 A thermocouple junction and the adjacent thermocouple lead wire are to be securely held in
thermal contact with the surface of the material of which the temperature is being measured. In most
cases, adequate thermal contact will result from securely taping or cementing the thermocouple in place;
but, if a metal surface is involved, brazing or soldering the thermocouple to the metal may be necessary.

25.17 Whenithermocouples are used to determine temperatures, it is common to employ thermocouples

consisting of 3
instrument an
thermocouples
(Type T) wires
heating of iron|

25.18 The te
change-of-res
with its resista

25.19 The t6
constant if:

a) The

b) Thrg

and arg still not rising.

2520 Thete

in which:

Tc is

0 AWG (0.05 mm?) iron and constantan (Type J) wires. A potentiometer<or e
d such equipment is to be used whenever a referee temperature-meg
is necessary. Thermocouples consisting of chromel-alumel (Type K/ or copp
may be used if it is determined that high frequency ballast operation results i
and constantan thermocouples.

mperature on a coil may be measured by the thermocouple method or dete
stance method (comparing the resistance of the windifg at the temperature to
hce at a known temperature) using the formula specified in 25.20.

st is to continue until constant temperatures’are obtained. A temperature

test has been running for at least 3 houts; and

e successive readings, taken at-15 'minute intervals, are within 1 degree C g

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

Ty =R (ke 7)) -k + (40 -T,)
Re

he.room temperature of the coil in degrees C at the beginning of the tes

lectronic-type
surement by
er-constantan
eddy current

'mined by the
be measured

is considered

f one another

t when R; is

measu

red;

Ty is the temperature of the coil in degrees C at the end of the test;

Ry is the resistance of the coil at the end of the test;

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

To is the temperature of the oven in degrees C at the end of the test when Ry, is measured; and

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

25.21

As it is generally necessary to de-energize the winding before measuring Ry, the value of Ry at

the end of the test may be determined by taking several resistance measurements at short intervals,
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beginning as quickly as possible after the instant of shutdown. A curve of the resistive values and time
may be plotted and extrapolated to give the value of Ry at the end of the test.

26 Abnormal-Temperature Test

26.1

A ballast shall be tested in accordance with 26.6 — 26.9; the maximum temperature:

a) Of a coil of a reactance ballast shall not be more than 135°C (275°F) when it incorporates a
Class 105 insulation system and 160°C (320°F) when it incorporates a Class 130 insulation
system, as measured by the resistance method.

b) On a capacitor shall not be more than 10°C (18°F) over the manufacturer's rating, except as

noted

c) Of ¢
specifi
of fire

Exception: TH
than they are

26.2 Regarg
coil and shall
and 150°C (3

26.3 A therm
in Class P Prq

264 The m
capacitor. Any
it is subjected

26.5 During
ballast.

26.6 Forar
on any materi

o0 4
ImM£O.5.

component of an electronic ballast, other than as noted in (a), shall nat\exc:
ed in Table 25.1 nor shall the temperature at any other point be so high.as to
pr adversely affect any material used in the ballast.

e abnormal-temperature test may be waived if it is obvious_that temperature
for normal operation.

ing 26.1(a), a thermocouple measurement is to be{made on the outer surfa
not be more than 130°C (266°F) when the coil incarporates a Class 105 insy
D2°F) when it incorporates a Class 130 insulation system.

hal protective device provided with a ballast that complies with Protective De

Bximum temperature for a capaecitor specified in 26.1 and Table 25.1 appli
other capacitor is to be judged on the basis of its performance at the tempers
during the normal- and abnérmal-temperature tests.

the test described in.26.6 — 26.9, no compound or other material shall be en

psistance ballast operated under the conditions described in 26.7 and 26.9, th
Al used in‘the ballast shall not exceed the temperature limit for that material.

either a singlg lamp ballast or a multilamp ballast. For a preheat-circuit ballast, the test is tg

pid- or instant-start-circuit ballast, the test is to be conducted with a deacti

ced the values
result in a risk

s will be lower

ce of a ballast
lation system,

ices Provided

tected Ballast, Section 16, is to remainfunctional during the abnormal temperature test.

bs to a power
tures to which

hitted from the

e temperature

ated lamp for

be conducted

26.7 For a
with either:
a) The
b)Ala

starter short-circuited; or

mp deactivated, so that maximum heating will result.

26.8 For the requirements in this standard, a deactivated lamp is to be simulated by using two lamps with
a lampholder connected to one end of each lamp; for an instant start circuit utilizing a circuit interrupting
lampholder, the lamp is to be removed and the lampholder contacts are to be shorted together.

26.9

component shall be separately shorted.

If a semiconductor component can be shorted but the ballast would appear to operate normally, the

26.10 Other than as noted in 26.11, all other conditions of the test, including the location of the ballast in
the test chamber, dimensions of the chamber, and the like, are to be as described in the Normal-
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Temperature Test, Section 25. If the heat from the ballast causes the air in the test enclosure to exceed the
maximum specified ambient value, the test is to be continued at whatever temperature is reached; but the
results are to be corrected to the applicable ambient temperature for the ballast under test.

26.11 Aballast is to be tested as specified in 26.10 at an ambient temperature of 40 +5°C (104 £9°F).
Exception: A reactor (simple reactance) ballast that is not provided with thermal protection and marked to

operate only straight, tubular lamps is to be tested as specified in 26.10 in an ambient temperature of 25°C
(77°F).

27 Fault Condition Test — Conventional Magnetic Ballast — Class P Protection

criteria while
| protector is

27.1 A ballagt provided with an automatic reset thermal protector shall meet the following
the ballast is|subjected to any of the conditions of 27.6. When more than one thermg
employed, the|protectors shall be electrically connected in series.

ctronic ballast
nd coil ballast

a) The ftemperatures on any point on the case of an enclosed ballast (including an ele
withou{ an automatic reset thermal protector) or the outer surface ofan open core a
shall ngt exceed 150°C (302°F);

b) The e versus time

criteria

locations in (a) that exceed 110°C (230°F) shall comply with the temperatur
specified in Table 27.1;

c) The
exceeq

locations in (a) that exceed 110°C (230°F) when the protector opens the ci
85°C (185°F) when the protector cools and-tecloses the circuit. The locations

rcuit shall not
in (a) that do

not ex¢eed 110°C (230°F) when the protector opens the circuit shall not exceed 100°C (212°F)
when the protector cools and recloses the circulit;
d) A ppwer capacitor provided as part ofi such a ballast shall not exceed 90°C ({|94°F) or the
capacifor manufacturer's assigned rating; whichever is higher; and
e) For a simple reactance ballastof-a through-cord or a direct plug-in type, the temperature on any
point of the enclosure shall not exceed 90°C (194°F).
Table 27.1
Case- or.open coil surface-temperature versus time relations
Maximum temperature Timg?, minutes
More than Not more than

°C (°F) °C (°F)

145 (293) 150 (302) 5.3

140 (284) 145 (293) 7.1

135 (275) 140 (284) 10

130 (266) 135 (275) 14

125 (257) 130 (266) 20

120 (248) 125 (257) 31

15 (239) 120 (248) 53

10 (230) 15 (239) 120

@ The time is to be measured between the instant the case or outer surface of an open core and coil ballast temperature exceeds
110°C (230°F) and the protector opens or the maximum temperature is reached, whichever is longer.
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27.2 The temperatures of a ballast provided with a thermal cutoff type (one shot) thermal protector shall
meet the requirements in 27.1(a), 27.1(b), and 27.1(d) while being subjected to any of the conditions of
27.6.

27.3 If the temperature of the enclosure of an enclosed ballast, or outer surface of an open core and caoill
ballast, exceeds 110°C (230°F) for a specific fault condition in 27.6, the protector shall open the circuit or
the current shall be limited for an inherently protected electronic ballast.

Exception: The protector need not open if the fuse described in 27.7 does not open, and if the temperature
of the case of an enclosed ballast or the outer surface of an open core and coil ballast does not exceed
110°C (230°F).

Liter surface of
bmains at that
fter the 110°C

27.4  With rg
an open core

ference to the requirement in 27.3, if the case of an enclosed ballast or the.o
and coil ballast attains a temperature of 110°C (230°F) or less and either r

temperature (¢
(230°F) temps

27.5 During
a) Igni
b) Drig

c) Emi

r starts to decrease, the test may be discontinued after 1 hour of operation &
brature is first reached.

the test described in 27.6, there shall be no:
ion of a compound;
ping of a compound from the enclosure; or

5sion of flames or molten metal from the ballast enclosure.

27.6 To determine whether a Class P protected ballast‘complies with the requirements in 27.1 or 27.2,

whichever ap
21.6, and is tq
the Normal Tg
and not neces

a) For

randomn wound ballast are shortCircuited.

b) For

random wound ballast are short circuited.

c) Any
primar

plies, the ballast is to be energized atvan input voltage and frequency in ag
be operated at thermal equilibrium-under normal conditions as described in 2
mperature Test, Section 25. The following fault conditions are to be introduced
sarily in the order indicated, and-are to be applied throughout each complete t

a primary winding, two outer layers of a layer wound ballast or 20 percent of

a secondary winding, two outer layers of a layer wound ballast or 20 percent g

power_capacitor short circuited, when such condition does not short cirg
y winding/

d) Th

abnormal conditions described in 26.8, except that this test is not requ
tempeTaTure‘dUemrrexveerrﬁO“?mﬁ“F) duringthetest:

cordance with
2.1-22.3 and
,one at a time
pst:

the turns of a

f the turns of a

uit the ballast

red when the

e) For a simple reactance ballast or a single coil device that provides ballast impedance for a lamp
—two outer layers of winding or 20 percent of the turns short circuited.

27.7 During the test described in 27.6, the supply circuit is to be connected in series with a 20-ampere
fuse (time-delay type), of which the characteristics are such that the fuse will not open in less than 12
seconds when carrying 40 amperes.

27.8 Opening of the 20 ampere supply circuit fuse is determined to be the equivalent of opening of the
protector under the test condition described in 27.6(a) and the fuse shall not open under any other test
condition.
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27.9 |If a ballast is marked for use with several different lamps, the lamps causing the highest wattage
during the input test are to be used for the tests in this section. If a lamp becomes inoperative during any
test, the lamp is to be replaced and the test continued for the specified duration.

Figure 27.1

Connection of wattmeter

===
|
| EXTERNAL
1/LOAD
RESISTOR
|
i
|
|
|
|
|
|
|
| I
\COIL REVERSING SWTCH SET TO
MAXIMIZE WATTMETER READING
O——— supPLY O
TO CIRCUIT suPPLY | CIRCUIT | LOAD
UNDER SIDE UNDER | siDE
EVALUATION EVALUATION
o— ———o0
SB1747 POINTS OF MEASUREMENT
27.10 Tempgratures of the case ‘of an enclosed ballast or the outer surface of an open|core and coil
ballast are to pe measured, during a sufficient number of cycles to determine whether a ballast complies
with the requirement in 27:2."Normally for this purpose, measurement of temperatures during 3 to 5 cycles
of the thermal protectorWill be necessary.
27.11 If necgssary/to cause the protector to reclose the circuit, the temperature of the test gnclosure may
be reduced belowthe minimum value specified in 25.1

27.12 Temperatures are to be measured by thermocouples on the ballast and on the power-capacitor
case.

27.13 Temperatures on the case of an enclosed ballast or the coil of an open core and coil ballast are
continued to be measured after the protector opens.

Exception: If the protector — reclosing temperature in 27.1(c) is not being determined, the test may be
discontinued when temperatures start to decrease following the opening of the protector.

28 Increased-Ambient Temperature Test for Ballasts — Class P Protection

28.1 When tested under the method described in 28.2, the protector of a Class P ballast shall operate, or
the circuit of an inherently limited Class P electronic ballast shall open to limit the current, before the
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temperature of the enclosure of an enclosed ballast, or the outer surface of an open core and coil
transformer, exceeds 110°C (230°F) or within 2 hours after the ballast exceeds 110°C (230°F).

Exception: This test is not required to be conducted when 16.2 applies.

28.2 The ballast is to be energized at an input voltage and frequency in accordance with 21.6, and is to
be operated until thermal equilibrium is reached under normal conditions as described in the Normal
Temperature Test, Section 25, except that the 6-inch (152-mm) square opening in the test enclosure may
be closed and the test-enclosure ambient is to be 60.0 £1.0°C (140.0 +1.8°F). The temperature in the test
enclosure is then to be raised as rapidly as is convenient by a value 2.0°C (3.6°F) more then the difference
between 110°C (230°F) and the maximum temperature that the case of an enclosed ballast or the outer
surface of an open core and coil ballast reached when the test-enclosure temperature was 60°C (140°F),
and is to be maintained at this temperature.

28.3 If the protector has not opened and the temperature of the case of an enclosed ballgst or the outer

surface of an
circuit has nd
28.2, the tes
difference be
increase in te

28.4 |If aba
during the ing
test, the lamp

29 Fault-Co

29.1 An ele
described in 4

a) The
withou
shall n

b) The
criterig

c) For
not ex

open core and coil ballast has not reached 110°C (230°F) within 4vhours or
t operated so that the temperatures have not stabilized under the’condition
t-enclosure ambient is to be increased again by a value. 2.0°C (3.6°F) n
fween 110°C (230°F) and the maximum ballast temperature 4 hours follg
st-enclosure temperature.

last is marked for use with several different lamps) the lamps causing the h

is to be replaced and the test continued for thespecified duration.
ndition Test — Electronic Ballasts — Class P Protection

ctronic ballast shall meet the following criteria while the ballast is subjecte
9.2 —29.7:

t an automatic reset thermal protector) or the outer surface of an open core 3
ot exceed 150°C (302°F).

locations in (&) that exceed 110°C (230°F) shall comply with the temperatu
specified in Table 27.1.

a through-cord or a direct plug-in type, the temperature on any point of the g
Ceed90°C (194°F).

if the inherent
5 described in
hore than the
wing the first

ghest wattage

ut test are to be used for the test in this section: If a lamp becomes inoperative during the

d to the tests

temperatures on any pointion the case of an enclosed ballast (including an electronic ballast

nd coil ballast

re versus time

nclosure shall

29.2 Aninc
no:

ase i ariskof fireexists whermrany one of the fottowingconditions devetops:

a) Ignition of a compound;

b) Dripping of a compound from the enclosure; or

c) Emission of flames or molten metal from the ballast enclosure.

There shall be

29.3 The sample shall not be used for an additional fault condition unless the sample is operable after a
fault condition and possible replacement of a fuse.

29.4 The ballast is to be energized at an input voltage and frequency in accordance with 21.6. The
supply circuit is to be connected in series with a 20 ampere fuse (time delay type), of which the
characteristics are such that the fuse does not open in less than 12 seconds when carrying 40 amperes. A
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thermocouple (or thermocouples) such as the type used in the Temperature Test, is to be attached to the
ballast enclosure in order to monitor the progress of the test. The ballast is to be tested as described in
29.5. Unless already conducted for Fault Condition Tests, Section 27, the following fault conditions are to
be introduced, one at a time and not necessarily in the order indicated, and are to be applied throughout

each complete test:

a) For a transformer primary winding, two outer layers of a layer wound ballast or 20 percent of the
turns of a random wound ballast are short circuited.

b) For a transformer secondary winding, two outer layers of a layer wound ballast or 20 percent of
the turns of a random wound ballast are short circuited.

c) The_abnormal conditions described in 26.8, except that this test is not required when the

temper

d) Any
watts o
is to be

29.5 Regard
requirement is
until:

a) ltis
operab)

b) For
capacit

c) For
capacit
be plag
test is
exceed

29.6 When i
an adjustable
maximum pow
is made, and

gradually to th
a protective dé

ature does not exceed 110°C (230°F) during the test.

electrolytic capacitor or semiconductor junction located in a circuit capable of
r more of power to an external resistor for 1 minute, as determined if-accorda
short circuited or open circuited.

met when the test condition operates in an ambient temperature of 25°C +5°

obvious within 30 minutes that a component:has opened and the ballast
e; or

b period of 30 minutes or less and when itis determined that the ballast enclo
or temperatures are no longer rising and\the ballast operation is stable; or

a period of 30 minutes and when it is determined that the ballast enclog

ed in a ambient temperaturesoven as described in 25.1 — 25.3, and the test
o continue in the elevated.ambient temperature until the ultimate result is kn
ing 7 hours.

is not obvious what the power available is at various points in the circuit, a v
external load resistor are to be arranged as illustrated in Figure 27.1 to
er transfer. The external load resistor is set for its maximum resistance. After t
vhen therg.is no protective device in the ballast, the adjustable resistance is

delivering 50
nce with 29.6,

ng the ambient temperature of the ballast under test as deseribed in 29.4, th¢ intent of this

C (77°F +5°F)

is no longer

sure or power

ure or power

or temperatures are continuing:toe-rise. In this case, the test is to be stopped, the ballast is to

estarted. The
own, and not

vattmeter and
letermine the
he connection
o be reduced
When there is

e point:of'maximum wattage as indicated by a peak reading on the wattmeter.
viee in the ballast, a closed shorting switch is to be connected across the pro

resistor is ther

ctor, and the

to-be adjusted to result in a power dissipation of exactly 50 watts as indicated by the meter.

The switch across the protective device is then to be opened and the time required for the protective
device to open is to be recorded. When the protective device opens the circuit in less than 60 seconds, the
point is not capable of delivering 50 watts for 1 minute. Similarly, when a circuit component opens in less
than 1 minute effectively limiting the available power to less than 50 watts or when the current is inherently
limited by the circuit, the point is not capable of delivering 50 watts for 1 minute.

29.7 Opening of the 20 ampere supply circuit fuse as a result of the particular component fault condition
signifies compliance.

30 Arcing Test

30.1 An electronic ballast marked “Type CC” shall comply with the requirements in Type CC Ballasts,
Supplement SD.
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30.2 Deleted

30.3 Deleted

30.4 Deleted

Figure 30.1

Arcing test set-up
Figure deleted

31 Voltage
311 Thevo

31.2 The tes

Measurement — Power Capacitors
tage across a power capacitor shall not exceed its rating in accordance with 1!

t is to be conducted with the ballast energized at the input voltage/and frequen

21.6. It may e necessary to make more than one measurement in ordertorascertain the

using various

31.3 ltis nof

lamps for which the ballast is marked.

necessary to measure the voltage across a starting€apacitor.

32 Dielectric Voltage-Withstand Test

32.1 While

autotransforn
between all li
ballast is not
surface on wh

a) For
ballast

b) For
1000
is high

32.2 Whilei
shall withstan

n a heated condition from normal operation, a resistance ballast, a reactor
er ballast shall withstand for 1 minute, without breakdown, the application of
e parts and all dead metal parts that’are exposed or are likely to become g
enclosed in metal, the test potential shall be applied between all live part
ich the ballast is mounted as intended. The value of the test potential shall be:

a resistance ballast and a‘reactor ballast, 1000 volts plus twice the rated
; or

an autotransformer)(non-isolating type) ballast, 1000 volts plus twice the rateg
olts plus twice'the voltage to ground, or 1000 volts plus twice the output voltg
est.

h a heated condition from normal operation, a two winding transformer (isolatir
d for, 1'minute, without breakdown, the application of the test potentials describ

b.2— 15.4.
cy specified in
voltage while

ballast, or an
h test potential
ounded. If the
5 and a metal

\voltage of the

input voltage,
ge, whichever

g type ballast)
ed below:

a) 1000 volts plus twice the rated input voltage, applied between live parts of the primary winding
and dead metal parts that are exposed or are likely to become grounded;

b) 1000 volts plus twice the output voltage, applied between live parts of the secondary winding
and dead metal parts that are exposed or are likely to become grounded; and

c) 1000 volts plus twice the rated input voltage or 1000 volts plus twice the output voltage,
whichever is higher, applied between live parts of the primary winding and live parts of the
secondary winding.

32.3 A two winding transformer (isolating type) ballast will usually have a resistor for starting purposes
between the primary and secondary windings. For the test in 32.2, (a) and (b) can be combined. For the

testin 32.2(c)

a special sample without the resistor may be needed.
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32.4 The output voltage mentioned in 32.2 (b) and (c) is the rated output voltage, if the ballast is so rated
in accordance with 32.2. Otherwise, it is the largest of the output-voltage values measured in accordance

with 22.4.

32.5 An electronic ballast shall be subjected in turn to a 1-minute application of a 60-hertz essentially
sinusoidal potential:

a) Between all live parts and the enclosure;

b) Between all live parts and exposed dead metal parts in the case of an unenclosed ballast; and

c) Between live parts of an output transformer primary and secondary circuits that operate at a

differe

t potential or at different frequencies

The test poten
circuit operatir

value determiped by the higher voltage of the different circuits. The results areraceeptable

dielectric brea

32.6 To conpply with the requirement in 32.5(c), it may be necessary to disconne

components i

32.7 For any
1.414 times th

32.8 A ballas
which can be
reached, and

substantially diniform rate and as rapidly as_consistent with its value being correctly in

voltmeter. Son
indicate a bre
indicate break

329 A capa
application of

enclosed in metal, it shallvalso withstand the same test potential between its terminals

enclosure. In
capacitor is
operation with

g

g

tial shall be 500 volts for a circuit operating at 50 volts or less, and 1000 volts

plus twice the

g voltage for a circuit operating at more than 50 volts. In (c), the test potential shall be the

down.

terconnecting the two circuits.

of the alternating current values described in 32.1'to 32.5 a direct current and
e specified alternating current value may be used.

if there is no

ct solid-state

a potential of

t is to be tested by means of a 500 volt-ampere or larger transformer, the oufput voltage of

varied. The applied potential is to beincreased from zero until the requireg
s to be held at that value for 1 minuté. The increase in the applied potentia

he commercially available dielectric testers have an adjustable sensitivity con
bkdown when the leakage current exceeds the setting. The control should G
Hown (shorted output) anid not some arbitrary value of leakage current.

Citor rated 0.020 microfarad or less shall withstand for 1 minute, without br
h 60-hertz essentially sinusoidal potential between the capacitor terminals. If th

either case, the test potential is to be three times the maximum voltage
ubjectedduring operation of the ballast including lamp starting, lamp o
but atamp or lamps, but shall not be less than 900 volts.

test value is
is to be at a
dicated by a
trol which will
e adjusted to

eakdown, the
e capacitor is
and its metal
to which the
peration, and

Exception: Th

e dietectric voltage-withstarndtest - betweer the terrminals of a capacitor ma

be omitted if

operation of the ballast after internal dielectric breakdown of the capacitor will not result in a risk of fire or
electric shock. The dielectric voltage-withstand test between the capacitor terminals and the ballast
enclosure may be omitted if an equivalent or more severe test is performed in connection with the
dielectric voltage-withstand tests required by 32.1 and 32.2.

32.10 Regarding the spacing for printed wiring board foil patterns described in 19.1.4, Exception No. 2, a
bare board shall be subjected for a period of one minute to a dielectric potential of 2V + 1000 V DC where
V equals the maximum peak potential, in volts, between the foil traces. The results comply with the
requirement when there is no dielectric breakdown.

33 Insulation-Resistance Test

33.1 The insulation resistance of a direct-current ballast, measured between live parts and the metal
enclosure and other exposed dead metal parts, shall not be less than 250,000 ohms.
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Exception: Electronic ballasts need not comply with this requirement.

33.2 Insulation resistance is to be measured by applying a direct-current potential of 125 volts between
live parts and the enclosure and other exposed dead metal parts, using two voltmeters — one voltmeter
being connected across the supply line and the other connected in series with one of the leads to the
ballast being tested. With the supply voltage adjusted so that V-V, equals 125 volts, the insulation

resistance is to be calculated using the formula:

Insulation Resistance = (VI_TVE)RE
in which:
V, is the measured line voltage;
V,is tIe voltage measured by a voltmeter in series with one of the leads of‘the ballagt being tested;
and
R, is the resistance of the voltmeter measuring V.
34 Limited Bhort-Circuit Test
34.1 Three $amples of a ballast, employing a protector that interrupts the ballast supply and that has not

been separat
test described

34.2 When

winding of ea
14 AWG (2.1
inches (152 1
limited to a ¢
series with ar
are such that
the ballast is

connected. C
cotton shall n

bly subjected to a limited short-circuit test, shall.not cause a risk of fire when s
in 34.2.

tonducting the limited short circuit testoh a link other than a printed wiring boa

Iibjected to the

rd, the primary

ch ballast is short circuited on the lead side of the protector by the shortest fez
mm?) copper wire, and the two'ballast lead wires are to be cut to a maxim

irrent of 200 amperes, and-at rated ballast voltage +5 percent. The circuit i
the fuse does not open in less than 12 seconds when carrying 40 amperes. Th

ptton is to be wrapped around the ballast, making sure that the lead holes are
bt ignite duringthe test.

sible length of
m length of 6

hm). The ballast is then copanected to a supply circuit having a power factor of 0.9 — 1.0,

connected in

20 ampere nonrenewable fuse (time delay type), the construction charactetfistics of which

e enclosure of

connected — not through a fuse — to the power supply conductor in which the protector is not

covered. The
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Figure 34.1

Connection for paragraph 34.2

20 A FUSE LINK UNDER TEST

4%

|

|

| / 14AWG SHORT
200 A LIMITED | '
SUPPLY l |

| |

i |

| |

| \ BALLAST ENCLOSURE

$3904 ENCLOSURE CONNECTION

34.3 One tegt is to be performed on each of the three samples. For one of the samples, the protector is
to be closed on the short circuit if possible,

34.4 A foil trace on a printed wiring board designed so it opens in the event of a short cirquit shall have
| six samples of a ballast incorporating a foil trace as described in 16.8 subjected to the test gf 34.5 without

introducing a rjsk of fire or shock:

34.5 Four sgmples ar€ to'be prepared by providing a short circuit on the load side of the fdil trace by the
shortest feasile length of 14 AWG (2.1 mm) copper wire, and the two ballast lead wires are|to be cut to a
maximum length of\6 inches (152 mm). The two remaining samples are to be prepared the same way,
except that a qwitch’ (SW2 of Figure 34. )|s also to be included. Each sample, in turn, is ther] connected to
a supply circuithaving a power factor o amperes, and at rated ballast
supply voltage, £5 percent. Each sample is connected in series with a 20 ampere nonrenewable fuse (time
delay type) to simulate connection to a branch circuit. The fuse characteristics are such that the fuse does
not open in less than 12 seconds when carrying 40 amperes. The enclosure of the ballast is to be
connected through a 3-ampere non-time delay fuse to earth ground. Cotton is to be wrapped around the
ballast, making sure that the lead wire holes are covered. The cotton shall not ignite during the test.
Opening of the 20 ampere supply circuit fuse meets the intent of the requirement. Four samples shall have
the test circuit connected to the foil trace under test, then two samples have the short connected to the
supply and foil trace — See Figure 34.2.

34.6 As an option to the sample preparation of 34.5, specially prepared samples incorporating just the
fuse trace on the printed wiring board and mounted in the enclosure are to be used for this test.
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Figure 34.2

Connection for paragraph 34.5

For four samples SW1 is used, for two samples both SW1 and SW2 are used.

Sw2

URE

20 A FUSE Nk UNDER TEST
w | - - -
/ ]
A ; /:/ 14AWG SHORT
200[A LMITED | — '
SUPPLY I I
I I
I I
o - — a1
/ BALLAST ENCLOS
ENCLOQSURE CONNECTION
3 A FUSE
$3905 =)
35 Foil Trage Calibration
35.1 As required by 16.8(d), a-fail trace on a printed wiring board designed so it opens in

short circuit s

35.2 Three
shortest feas
maximum len
power factor

nall be subjected te‘an initial calibration that is repeatable periodically — See Ag

samples are prepared by providing a short circuit on the load side of the fo
ble length of 14 AWG (2.1 mm) copper wire, and the two ballast lead wire]
gth of'6inches (152 mm). Each sample, in turn, is then connected to a supply ¢
of 0.9 — 1.0, limited to a current of 10 amperes, and at rated ballast supg

the event of a
pendix B.

il trace by the
s are cut to a
ircuit having a
ly voltage, 15

percent. The

CUTTent 1S apptiedto the foit trace and the time to open 15 recorded. 1 he time

open is then

averaged for the three samples. The 10 amp current is only an approximate value of 200% of a typical foll
trace. The value of the test current is able to be higher or lower in order to adjust the calibration time to a
few seconds. The test current and the average opening time are recorded for comparison with the repeat
testing described in Appendix B.

36 Metallic-Coating-Thickness Test

36.1

The method of determining the thickness of a zinc coating shall be as described in 36.2— 36.9.

36.2 The solution used for the test is to be made from distilled water and is to contain 200 grams per liter
of American Chemical Society (ACS) reagent grade chromic acid (CrO3;) and 50 grams per liter of ACS
reagent grade concentrated sulphuric acid (H,SO,). The latter is equivalent to 27 milliliters per liter of ACS
reagent grade concentrated sulphuric acid, specific gravity 1.84, containing 96 percent of H,SO,.
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36.3 The test solution is to be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube having an inside bore of 0.025 inch (0.64 mm) and a length
of 5.5 inches (139.7 mm). The lower end of the capillary tube is to be tapered to form a tip, the drops from
which are about 0.025 milliliters each. To preserve an effectively constant level, a small glass tube is to be
inserted in the top of the funnel through a rubber stopper and its position is to be adjusted so that, when
the stopcock is open, the rate of dropping is 100 +5 drops per minute. If desired, an additional stopcock
may be used in place of the glass tube to control the rate of dropping.

36.4 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room, which is to be noted and recorded. The test is to be conducted at a room

temperature of 70 — 90°F (21 — 32°C).

36.5 Each spmple is to be cleaned before testing. All grease, lacquer, paint, and othe
coatings are tp be removed using solvents. Samples are then to be thoroughly rinsed.in w.
with clean chdesecloth. Care is to be exercised to avoid contact of the cleaned surface- with
any foreign material.

36.6 The sample to be tested is to be supported 0.7 — 1.0 inch (17.8 — 25.4\mm) below the
the drops of Solution strike the point to be tested and run off quickly. The_surface to be t
inclined about(45 degrees from horizontal.

36.7 The stdpcock is to be opened and the time in secondsntil the dropping solution
protective metal coating exposing the base metal is to be measured. The end point is the firs
of the base mgtal recognizable by a change in color at that point.

36.8 Each spmple of a test lot is to be subjected to“the test at three or more points,

stenciled, and|threaded surfaces, on the inside surface and at an equal number of points ¢
surface, at places where the metal coating may b& ‘expected to be the thinnest. On enclosur]
precoated shdets, the external corners that arfe subjected to the greatest deformation are
thin coatings.

36.9 To calctplate the thickness of the-Coating being tested, select from Table 36.1 the th
the temperature at which the test was conducted and multiply by the tim
ose base metal as'described in 36.7.

r nonmetallic
hter and dried
the hands or

prifice, so that
bsted is to be

dissolves the
t appearance

excluding cut,
n the outside
es made from
likely to have

ckness factor
e in seconds

Table 32.1
Coating-thickness factors
Temperature, Thickness factors, 0(00001 inch
(000025 mm) per second, zinc plating

°F (°C)

70 21.1) 0.980
71 21.7) 0.990
72 (22.2) 1.000
73 (22.8) 1.010
74 (23.3) 1.015
75 (23.9) 1.025
76 (24.4) 1.033
77 (25.0) 1.042

Table 32.1 Continued on Next Page
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Table 32.1 Continued

Temperature, Thickness factors, 0.00001 inch
(0.00025 mm) per second, zinc plating
°F c)
78 (25.6) 1.050
79 (26.1) 1.060
80 (26.7) 1.070
81 (27.2) 1.080
82 (27.8) 1.085
83 (28.3) 1.095
84 (28.9) 1,100
85 (29.4) 1110
86 (30.0) 1.120
87 (30.6) 1.130
88 (31.1) 1.141
89 (31.7) 1.150
90 (32.2) 1.160
37 Water-Spray Test
371 Vater shall not

enter the ball
Exception: An

37.2 A ballg|
service, and
enclosure.

37.3 Therai
specified in H
pressure is to
nozzle and th
area of the th
enter, except

A wealherproof ballast shall be subjected to thectest described in 37.2 and 37.3. |

st enclosure. See 8.2.1.
enclosure constructed so that it wilFobviously exclude water need not be testq

St is to be tested by mounting*the complete enclosure with conduit connectio
then applying a water spray as described in 37.3 for 1 hour to the top an

h test apparatus is-to consist of three spray heads constructed in accordance
igure 37.1 and.mounted in water supply pipe rack as illustrated in Figure 3]
be maintained at each spray head at approximately 5 psi. The distance betw
b ballast i$'to be approximately 5 inches (127 mm). The ballast is to be brough

hat,consideration is to be given to the normal mounting position.

d.

Ns as in actual
0 sides of the

vith the details
(.2. The water
cen the center
t into the focal

ee spray heads in such a position and under such conditions that water will b¢ most likely to
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Figure 37.1
Spray head assembly

ASSEMBLY 2

R \4
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tem mm inch [tem mm inch

A 310 1-7/32 N 0.80 1/32

B 1.0 7/16 P 14.61 575

C 14.0 9/16 1463 576

D 14.68 578 Q 11.51 453
14 73 R80 1153 454

E 0.40 1/64 R 6.35 1/4

F c c S 0.80 1/32 5

G 1.52 .06 T 2.80 (No. 35)

H 5.0 (No.9)® u 250 (No. 40)°

J 18.3 23/32 Vv 16.0 5/8

K 3.97 5/32 W 1.52 0.06

L 6.35 1/4

M 2.38 3/32

0 Nylon Rain—Test Spray Heads are available from
Underwriters Laboratories

O ANSI B94.11M Drill Size

€ Optional — To serve as a wrench grip.

RT100F
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Figure 37.2
Spray head pipe rack

PLAN VIEW
I | A |
[ N o
XN /?Vh SEE DETAIL OF SPRAY HEADS A
II ‘\ AN // ! \\ /” / \
/ \ ~ // : \\ // \
/ \‘ |
|

SEE DETAIL |'A’

~fo -

WATER PRESSURE GAGE
FOR EACH SPRAY HEAD

PIEZOMETER A$SEMBLY
DETAIL 'A'

%

¢
‘ |" —
vV \ | *—‘
N CONTROL VALVE FOR ‘% ! ’ =E
EACH SPRAY HEAD A
N,
SIDE VIEW )
FOCAL POINT —\
A 710 28
B 1400 55
C 55 2-1/4
D 230 9
E 75 3

RT101F
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38 Humidity-Conditioning Test

38.1 A ballast, described in 12.8, shall be exposed for 168 hours to moist air having a relative humidity of
88 15 percent at a temperature of 32.0 £2.0°C (89.6 +3.6°F). Following the 168-hour period and while still
exposed to moist air, the insulation resistance between live and dead metal parts shall be measured and
shall not be less than 50,000 ohms. See 12.7 and 12.8.

38.2 Following the insulation-resistance measurements required by 38.1, the ballast is to be tested for
dielectric voltage-withstand between live parts and accessible metal parts (core) in accordance with the
Dielectric Voltage-Withstand Test, Section 32.

38.3 The insulation resistance is to be measured:

a) By amagneto megohm-meter that has an open-circuit output of 500 volts;

b) By 4 50-volt direct-

current

voltmeter having an internal impedance of at least 30,000 ohms and’using a 2
circuit; or

c) By efuivalent equipment.
39 Strain-Relief Test

39.1
in 13.5.1 and

The strain-relief means provided for an individual lead wire\or flexible cord of a ballas}, as specified

3.5.2, shall be tested as described in 39.2 or39;3, as applicable. For a cord,

connection of

been transmitfed to the connections. For a lead wire, there shall be no movement of the

indicates stres

39.2 To dete|
pounds (89 N

is to be applied for 1 minute.

39.3 To dete
(156 N)istob

the conductors, there shall be no movement of the cord that indicates stres

s would have been transmitted to the connections.

rmine the compliance of the means for strain relief on an individual lead wire
or four times the weight of the ballast, whichever is less but not less than 5 p,

fmine the acceptability of the means for strain relief on a flexible cord, a force
b gradually applied~and maintained for 1 minute. The force is to be normal to th

at the point of
s would have
ead wire that

a force of 20
punds (22 N),

of 35 pounds
e plane of the

cord-exit hole.

40 Tests on[Push-In Terminals
40.1 Pullout
40.1.1 A push-in (screwless) terminal shall withstand for 1 minute the test described in 39.2. The

conductor shall not pull out of the gripping means, the conductor or any strand of the conductor shall not
break, and the gripping means shall not be damaged or permanently distorted.

40.1.2 Six samples of the intended conductor size or sizes, either solid or stranded or six of each, are to
be connected to terminals in accordance with the ballast manufacturer's instructions. A push-in
(screwless) terminal marked for use only with solid wire is to be tested using only solid wire.

40.1.3 For tests with stranded conductors, all strands of the conductor shall enter the terminal gripping
area as intended without exposure of the stray strands or reduction of required spacings. Tests with
stranded conductors are to include separate samples for the maximum and minimum numbers of strands
available in the wire sizes intended for use with terminal.
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40.2 Temperature

40.2.1 A push-in (screwless) terminal shall be tested as described in 40.2.2 until temperatures are
constant — see 25.19 for definition for constancy. The temperature of the terminal shall not exceed 55°C
(131°F), based on an ambient temperature of 25°C (77°F).

40.2.2 Six previously unused samples are to be assembled with solid and, if intended, six previously
unused samples are to be assembled with stranded copper wire in accordance with the ballast

manufacturer'

s instructions. A current equal to:

a) The maximum value obtained during the tests for Input/Output Measurements, Section 22; or

b) The
assem

Separately pr|

- Y L_L y) L 1l N L N L L - & - N
Idllllg DPUbIIIUU lJy UIS Ddliadst TTialriuraotiurcr, WITIUIICveTl 1S ylcdlcl, 15 U pdbb
blies.

bpared samples may be used to pass the current through the assemblies with

ballast operaling. The purpose of the test is to determine the heating due to-the resistan

connector. Th
41

411 Enclos
spacing betw

s measurement cannot be done as a part of the Normal Temperature Test, Se

Rod Pregsure Loading Test

res made of metal, having a pattern of ventilation’ openings, and having
ben an uninsulated live part and the metal enclosure, shall have the possible r

spacing detefmined by test described in 41.2. Electrical spacings are described in Spacir]

Parts — Secti
without introd

41.2 The sa
metal rod. Th

bn 19. Enclosures made of polymeric material shall withstand the test des
Licing a shock hazard — see 51.1.1.

mple shall be subjected to a force of'20 pounds (89 N) for 1 minute applied to
e force is to be increased from _0to 20 pounds (0 to 89 N) over a period of 5

axis of the metal rod is to be perpendicularto the surface under test. The metal rod is 1/2 i

diameter, hay
sharp edges.

42 Volume

42.1 Unless|
shall be deter]
of putty are tg
provided with

ing a flat contact end with:thé edge rounded to a radius of 1/32 inch (0.8 mn

Method of Measurement

it is obvious.the required volume is exceeded, the volume of a field wiring spa
mined by the amount of water required to fill the volume of the wiring space. §
be used-o close any seams or small openings observed in the test sample.

the.ballast are to be removed or a special sample without lead wires is to be u

ed through the

out having the
ce at the wire
ction 25.

an electrical
pduction in the
g of Electrical
cribed in 41.2

any point by a
seconds. The
hch (12.7 mm)
n) to eliminate

ce for a ballast
bmall amounts
Any lead wires
sed in order to

measure the

total volume. The sample is to be positioned so that only a single opening

from the field

wiring compartment is upward and level. A clean, graduated vessel (pipette or the equivalent) having a

volume equal to or greater than the volume of the sample is to be filled with water at room temperature.

The water is then to be transferred from the vessel to the sample. The following relationship is to be used:
1in®=16.39 cm® = 16.39 ml of water

MANUFACTURING AND PRODUCTION TESTS

43 Dielectric Voltage-Withstand Test

43.1 Each ballast shall withstand without electrical breakdown, as a routine production-line test, the

application of a potential at a frequency within the range of 40 — 70 hertz or derived from direct current
between:
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a) Live parts of the primary winding and dead metal parts that are exposed or are likely to become
grounded; and

b) Live parts of the secondary windings and dead metal parts that are exposed or are likely to
become grounded.

Exception: Ballasts having no accessible dead metal parts, or grounding lead wire from an internal
connection within an electronic ballast, need not be tested.

43.2 The production-line test shall be in accordance with either condition A or condition B of Table 43.1
using either alternating or direct current. The voltage specified in Table 43.1 shall depend on the ballast
type and the following conditions.

a) For Jl two winding, isolating type or electronic ballast with an isolating output transformer:

1) V is equal to the rated input voltage, and is applied between live parts (
winding and dead metal parts that are exposed or are likely to become ground

f the primary
ed;

b) For
voltags
expose

Exception: Fo
connected tog
voltage, which

2) V is equal to the rated output voltage (but not less than 120.volts), and is ap
live parts of the secondary winding and dead metal partscthat are exposed ¢
become grounded; and

bll other ballast types not covered by (a); V is equal to’ the rated input voltage
whichever is higher, and is applied between all live parts and dead metal
d or are likely to become grounded.

" a ballast type described in (a), if agregable with the manufacturer, all lead
ether and V shall be the maximum marked input voltage, the voltage to ground
ever is higher.

plied between
r are likely to

or the output
parts that are

wires may be
or the output

Table 43.1
Production-line test conditions
Condition Application time, seconds Applied potential, volts, AC | Applied poteptial, volts, DC
A 60 1000 + 2\2 1400[+ 2.8V
B 1 1200 + 2.4\° 1700[+ 3.4V
@ Maximum rated voltage.
43.3 The test shall be conducted when the ballast is complete — fully assembled in a heatefl or unheated

condition. It is motinterded that the product beunwired, odified; ordisassembted for thetest.

Exception: The test may be performed before final assembly if the test represents that for the completed
product.

43.4 A ballast employing a solid-state component that is not relied upon to reduce a risk of electric shock
and that can be damaged by the dielectric potential may be tested before the component is electrically
connected provided that a random sampling of each day's production is tested at the potential specified in
Table 43.1. The circuitry may be rearranged for the purpose of the test to reduce the likelihood of solid-
state-component damage while retaining representative dielectric stress of the circuit.

43.5 The test equipment shall include a transformer having an essentially sinusoidal output, a means of
indicating the test potential, an audible or visual indicator of electrical breakdown, and either a manually
reset device to restore the equipment after electrical breakdown or an automatic reject feature of any
unacceptable unit.
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43.6

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

43.7
be indicated:

a) By a voltmeter in the primary circuit or in a tertiary-winding circuit;

b) By a selector switch marked to indicate the test potential; or

If the output of the test equipment transformer is less than 500 volt-amperes, the equipment shall

If the output of the test equipment transformer is 500 volt-amperes or larger, the test potential may

c) For equipment having a single test-potential output, by a marking in a readily visible location to
indicate the test potential.

When markin

as an indicatpr lamp, to indicate that the manually reset switch has been reset followi

breakdown.
indicate a bri
indicate breal

43.8 Test eq
intended factq

43.9 During
connected tog
connected to

connected to?

lead wires or
RATING
44 General

441 The elg

44.2 The ou
rating in orde
field installati

lampholder s
common lamy

is used without an indicating voltmeter, the equipment shall include a positiv

me commercially available dielectric testers have an adjustable sensitivity co

uipment other than that described by 43.7 — 43.9 may bé used if found to 3
ry control.

the tests, all lead wires or terminals of the ballast circuit described in 4
ether and to one terminal of the test equipment.~Fhe second test-equipment te

ether for all tests, provided the highest di€lectric voltage of all tests is applie
erminals and the accessible dead metal:

ctrical rating of a ballast shall include the input voltage, frequency, and current

tput voltage as(defined in 22.4, when more than 300 volts, shall be included i
to identify conditions of use described in the National Electrical Code, ANSI
pn of hook-up wire and lampholders. The maximum voltage to ground
nall be.included in that rating, when it aids in specifying a lampholder. See
holder ratings.

P means, such
g a dielectric
ntrol which will

akdown when the leakage current exceeds the setting. The confral is to be adjusted to
down (shorted output) and not some arbitrary value of leakage amount current.

ccomplish the

3.2 are to be
rminal is to be

the accessible dead metal. If agreeable to all concerned, all lead wires or tefminals can be

d between the

h the electrical
NFPA 70, and
br to a single
Table 44.1 for

Table 44.1
Lampholders ratings

Type of lampholder (ANSI Watts Volts
designation)
Miniature bipin (G5) 75 250 or 600
Medium bipin (G13) and mogul bipin 660 250, 600, or 1000
(G20)
Recessed double-contact (R17d) 660 600 or 1000
Single-pin (R7s) 660 250, 600 or 1000
4-pin circline (G10q) 660 250 or 600
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44.3 A ballast shall be marked with the type(s) of lamp(s) it is to be used with, and the number of lamps,
if more than one.

MARKING
45 Details
451

45.11

a) The

General

A product shall be legibly and permanently marked with:

manufacturer's name, trade name, or trademark or other descriptive markin

by which the

organi
b) A dis
c) The

d) The

The permaner

ation responsible for the product is able to be identified;
tinctive catalog number or the equivalent;
electrical rating; and

date or other dating period of manufacture not exceeding any thrée consecutiv

adhered to th¢ ballast at least until it is installed into an end-useproduct or system. No hg

(peelable) tag

Exception No.
identified by th

Exception No
accepted cony

a) Doe

b) Doe
produc

45.1.2 Other
the mounting 3

451.3 A suf
various lead W

5, or flag type tags shall be used for a marking label:

1: The manufacturer's identification is able-to be in a traceable code when
e brand or trademark owned by a privateslabeler.

2: The date of manufacture is able’to be abbreviated; or is able to be i
entional code or in a code affirmed by the manufacturer, when that code:

5 not repeat in less than 20 years; and

5 not require reference-tothe production records of the manufacturer to deterrn
f was manufactured,

than the date cede marking, all marking shall appear on a surface of the ball
urface.

plementary marking shall be included to indicate the correct method of conr
ires,

e months.

ce level of a paper or plastic-film marking label shall be such that the label renpains securely

ng tags, tack

the product is

n a nationally

nine when the

ast other than

ection for the

Exception: This requirement does not apply to a single-lamp, simple reactance ballast having only two

lead wires.

4514

If a manufacturer produces or assembles ballasts at more than one factory, each finished ballast

shall have a distinctive marking by which it may be identified as the product of a particular factory.

45.2 Ratings

45.21

If both the output voltage and the voltage to ground are included in the rating as specified in 44.2;

each shall be properly identified in the marking. If both the ratings have the same value, that single value
may be designated: "maximum voltage, output circuit or to ground."
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45.2.2 A ballast having a rated input voltage outside the ranges specified in 13.2.9 shall be marked to
indicate the type of supply system with which the ballast is intended to be used.

45.2.3 As an alternative to identifying output voltage and voltage to ground ratings as specified in 44.2,
the information shall be specified in a table format on the label as shown in Figure 45.1 and shall be in

accordance with the following:

a) The values of X and Y shall be determined by the commercially assigned ratings for the
lampholder and wire and the measured values of voltage as determined by Section 20,
Input/Output Measurements.

b) When specifying the voltage rating for the lampholder:

The output vo
between assi
a ballast outp
Therefore, X

1) The voltage to ground measurement shall be used for straight, tubular lan
two lampholders; or

2) The voltage across the lamp measurement shall be used for compact, circ
lamps employing a single lampholder.

Itage value assigned shall be in accordance with the note to"Figure 45.1. For
jned ratings, the next higher value shall be assigned. Forexample, the measu
ut voltage is 690 V and the measured voltage of the-maximum voltage to gr
s to be assigned a 600 V rating and Y is to be asSigned a 1000 V rating. Th

shown in Figliire 45.1 shall be on the ballast or on instructions packed with the ballast. W

described in

Figure 45.1 is provided only on instructions*packed with the ballast, the b

hps employing

ular, and other

values that fall
red voltage for
bund is 550 V.
e table format
hen the table
allast shall be

marked with the output voltage, as required in 44.2.

Figure 45.1
Output voltage ratings for ballasts
For installation Rating, V
Lampholder X
Wire Y

NOTE: The valye of X shall be 250,600, or 1000 volts. The value of Y shall be 300, 600, or 1000 volts.

45.3 High power factor

45.3.1 If a hallastis marked "High Power Factor" or the equivalent, the power factor of the ballast shall

be 90 percenf or-higher under the intended operating conditions.

45.3.2 If the power factor of a ballast under some normal operating conditions is 90 percent or higher but
is less than 90 percent under other normal operating conditions, such as may occur with a ballast intended
for use with more than one type of lamp, the ballast may be marked with the words "High Power Factor," or
the equivalent, provided it is also marked as specified in 45.3.3 to identify the normal operating conditions
that result in a power factor of less than 90 percent; or the ballast may be marked as specified in 45.3.3.

45.3.3 If the power factor of a ballast under normal operating conditions is corrected to a value less than
90 percent, the ballast may be marked with the statement, "Power Factor Corrected," provided the
marking also includes the value of the power factor — the latter being in letters not smaller than those of the
statement.
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454 Lamps
45.4.1 A ballast shall be marked for the intended lamp or lamps in order to:

a) Maintain normal operation of the ballast including normal temperature and operating
components at their rated voltage (see 45.4.2); and

b) Restrict use of unintended lamps that would result in exposed live parts when lamps are being
replaced (see 45.4.3 t0 45.4.5).

45.4.2 A ballast intended for use with:

a) Bi-pjplamps—such-aspreheatinstani-—orrapid-start—shall be-marked-withthe-individual lamp-
wattage.

b) Single-pin, ferrule-contact, or recessed-double-contact lamps shall be marked wjth the proper
lamp dgesignation— for example, lamp length, diameter, or other acceptable,designatioh.

c) Single-pin or ferrule-type lamp, or for use with any lamp of which, current is more than 430
milliamperes, shall be marked with the normal lamp current — pet lamp, in the case ¢f a multilamp
ballast

d) An gnergy-saving version of a standard lamp shall be so.identified.

4543 Aball
than compact

for use with ope or more instant-start bi-pin lamps shallbe marked with the words "Instant-

This designati
the marking f
F40T12/RS.

45.4.4 In lied
be marked:

a) For @ise with circuit-intetrupting (or cutout) lampholders;

b) For
lamphg

c) For yise only.with lamps having recessed double-contact bases.

or circular lamps, shall be marked with the words "Rapid-Start" or "R.S." A bz

bn may be in the form of a statement pertaining to the ballast itself, or may be ¢
br the lamps with which the ballastis intended to be used, for example

of the test requirements $pecified in 24.2.1, a ballast for other than a pre-he

use only with ‘a’compact, circular lamp, U-bend or a similar lamp that wo
Ider arrangement that disconnects all lamp contacts simultaneously; or

4545 With

st supplying filament current and intended fof.use with one or more rapid-stait lamps, other

llast intended
Start” or "I.S."
ombined with
F40T12/1S or

at circuit shall

uld employ a

eference to 4544 (h\ and (r‘), this_information is nnrmnlly prm/idpd impl

citly with the

7 AY

marking for the lamp types.

45.5 Application

45.51
Use Only In Si

gns."

A ballast intended for use with one or more lamps designed for signs only shall be marked "For

45.5.2 A ballast that is a reactor type but does not have an obvious outward appearance to indicate that
it is this type, such as a ballast with additional leads for an integral starter, shall be marked "Reactor
Ballast" or "Simple Reactance Ballast."

455.3 A ballast intended for use with a portable lamp shall have an output voltage of less than 150 volts
and may be additionally marked, "For use in portable lamps." See 22.8 and 22.9 to determine compliance.
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Exception: A ballast as described in 22.8 and 22.9 need not comply with this requirement.

4554 A ballast having a maximum leakage current of more than 0.5 milliampere, when tested in
accordance with 23.1, shall be marked "For use in permanently connected (fixed) equipment only," or the

equivalent.

Exception: The marking need not be provided for ballasts having an input voltage of 277 volts or higher.

455.5 An outdoor ballast shall be marked "Type 1 Outdoor" or "Type 2 Outdoor" according to its

construction.
4556 Awe

45.5.7 Awe
to convey su
mounting that

455.8 A din
ballast, a man
following mou

a) "To
remoy|
recept
b) "Us

c) "Se

4559 Aba
20.12.

45.5.10 A ballast with openings inaccordance with 8.1.3 shall be marked, "Use Only Withi

Enclosure."
45511 Dels

45.6 Therm

jal protection

ptherproof ballast that must be mounted in a certain position to exclude fain’s
Ch information, unless it is obvious from the construction of the ballast or
such a marking is not necessary.

pct plug-in ballast having a mounting tab as described in.46:3.4 shall be n
king tag, or an instruction sheet packed with the ballast — with the word "CAU
nting instructions, or equivalent,

reduce the risk of electric shock — disconnect{power to receptacle befor
ng the ballast. When removing receptacle covet\screw, cover may fall across
acle may become displaced;"”

b only with duplex receptacle having centéer'screw;" and

cure ballast in place by receptacle cover screw."

ast with a polymeric enclosure marked, "Suitable for Air Handling Spaces" sh

pted

45.6.1 ACIe

hall be marked
he means for

harked on the
TION" and the

e installing or
plug blades or

all comply with

n An Electrical

ssP prnfpr‘fpd hallast shall be marked "Class P"

45.6.2 When a ballast of other than the Class P protected type includes a fuse, a thermally actuated
element, or other protective device, no indication of the presence of the protective device shall be given on
the ballast, on the shipping carton or container, or on materials shipped with the ballast.

45.7 Field connection

45.7.1

When the temperature on any surface within a terminal compartment or splice compartment

exceeds 60°C (140°F) during the Normal-Temperature Test, Section 25, the ballast shall be marked with
the following statement or the equivalent, located so that it is readily visible when connections are made:

"For Connect

(167°F) or 90°

ions Use Wire Rated for at Least
C (194°F) as determined by the Normal-Temperature Test, Section 25.

C," in which the temperature is to be either 75°C
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45.7.2 With reference to 45.7.1, the information is able to be marked by using a nameplate, die-
stamping, or a paper sticker securely and permanently held in place, or by an equivalent means. The
permanence level of a paper or plastic-film marking label shall be such that the label remains securely
adhered to the ballast at least until it is installed into an end-use product or system. No hang tags, tack
(peelable) tags, or flag type tags shall be used for a marking label.

45.7.3 A ballast that employs push-in (screwless) terminals shall be marked with instructions that are

readily visible during installation:

a) For releasing the wire from the terminal connection;

b) That specify the intended wire gage;

c) That
strande

d)Tos
e) For

f) That

45.7.4 A bal
circuit or lamp
with the follo
connector."

45.7.5
ballast shall in
made.

Exception: Th|
leads.

45.7.6 A ball
or on material
For any other
on materials s

PART 2 - DIR

If a resistor is required to be used in conjunhection with a reactance ballast, the m

specify use with "solid copper wire only" unless the terminal is intended for,k
d wire;

rip the insulation from conductors a specified length;
onnecting acceptably sized wire; and

specify the terminal positions related to lamp connections,

ast provided with a connector or connectors that are intended for connection
leads, or both to the ballast shall be marked on the‘ballast near the connector

Clude the value of the resistance to be-used and instructions regarding the con

s requirement does not _apply to a single-lamp simple reactance ballast ha

ast marked "Class™P" may also be marked "Type HL" on the ballast, the shipp
5 shipped with the ballast, only if the Class P ballast complies with the require
pallast, the &Type HL" designation shall not be used on the ballast, the shippin
nipped with*the ballast.

ECT PLUG-IN, AND THROUGH CORD BALLASTS

§

both solid and

of the supply
or connectors

ving or the equivalent: "For use only in products having this manufacturer's mating

arking on the
hections to be

ving only two

ing container,
ents in 16.7.
container, or

CONSTRUCTION

46 Direct Plug-In, and Through Cord Ballasts

46.1

46.1.1

General

These requirements pertain to ballasts that are direct plug-in (no cord), ballasts with a cord (also

known as a through-cord ballast), and incandescent to fluorescent light source conversion kits using such

a ballast.

46.2 Enclos

46.2.1

ure integrity

The enclosure of a ballast described in 46.1.1 shall be subjected to the following tests:
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a) Imp

act Resistance Test, described in Section 51.2 or 20.4;

b) Crush Resistance Test, described in Section 51.4; and

c) Mold Stress Relief Test in 20.5.

46.2.2 An adhesive used in the assembly of the enclosure shall be investigated as specified in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: Methods utilizing fusion techniques, such as solvent cementing,

electromagnetic induction, and thermal welding comply with this requirement.

46.3 Weigh

46.3.1 The

supplementar
used with the
When the bal
Type SP-2; 3
service than T

46.3.2 A di
dimensions, &
46.1):

a) The
b) The
c) The

d) The

46.3.3 Defin
a) Wis
b)Yis

c)Zis

ultrasonic welding,

[and moment

weight of a ballast connected in a power-supply cord — exclusive cof-the
y housing — shall not be more than 5 pounds (2.26 kg) and shall determine t
ballast. The weight of any supplementary housing shall not be more'than 1 pg
ast weighs not more than 2 pounds (0.91 kg), the cord shall. not’be of lighte
hd when the ballast weighs more than 2 pounds (0.91 kg)xthe cord shall ng
ype SJ.

cord and any
e type of cord
und (0.45 kg).
r service than
t be of lighter

fect plug-in ballast shall have the maximum ,acceptable moment, cenfer of gravity,

B.4 and Figure

nd weight complying with the following requirements (see also 46.3.3 and 46.

quotient of WY/Z shall not exceed 48 ounges (1361 g);
quotient of WY/S shall not exceed 48/ounces (1361 g);
product of WX shall not exceed80 ounces-inches (0.56 N-m); and

weight of the ballast shall'not'exceed 28 ounces (794 g).

itions for the symbalstused in 46.3.1 are as follows:
the weight of the ballast in ounces (g);
the distarceillustrated in Figure 46.1 in inches (mm);

the lesser of the two distances, Z; or Z,, as illustrated in Figure 46.1 inches (m

d)Sis

m);

thelesser of the two distances, Q1 or Q‘, as illustrated in Fiqure 46 1 inches (rr

m); and

e) X is the greater of the two distances, X; or X,, as illustrated in Figure 46.1 inches (mm).
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Figure 46.1

Dimensions of a direct plug-in ballast

!
* 51 '
° 7
—— X C.G.
T {-\!/:
— )(1 —
—— Z1 el 22 1
FRONTSVIEW

|
33 I J!Cc.c.

y
!

¢

SIDE VIEW

C.G.

Center of Gravity

CP100


https://ulnorm.com/api/?name=UL 935 2024.pdf

FEBRUARY 23, 2024 UL 935 79

46.3.4 A mounting tab shall not be provided with a direct plug-in unit unless all of the following conditions
are met:

a) The ballast is intended for use on a 15-ampere, 125-volt receptacle;

b) A screw is provided and constructed so as to secure the mounting tab of the device to a duplex
receptacle that has a center screw. See Figure 46.2;

c) For a unit without a grounding pin, the mounting tab is constructed so that the device may be
mounted to both grounding and nongrounding receptacles; and

d) Marking as specified in 45.5.8 is provided.

Figure 46.2
125V, 15A Duplex receptacle

TAP FOR NO.6-32 PLATE SCREW~_ —— 1.109 MAX—=]
[ 1.531
1

=~ 0.095
| .1 0.3%0 0:075:

‘E—}—— —1 - ==
___-___I__ °~5°°-4£-_-—l~-j [ —— - —{ 1.327 MAX

(
(
%

1.531 i 0.125 MAX

TAP_FOR“NOQ,6-32 MO
RLEATE SCREW 0.463

L
|
i 0.212 01550
’_/I ’ | ’_I I 0.500 NOM
s e T
| |
I

* 1
! 0.595
0.075 0.425
0.285 i —0.405
1.109 MAx 0.265

S2B63A

46.4 Plug face dimensions

46.4.1 The enclosure of a direct plug-in ballast shall be capable of being gripped for removal from the
receptacle to which it is connected, and the perimeter of the face section from which the blades project
shall not be less than 5/16 inch (7.9 mm) from any point on either side.

Exception: For devices provided with a mounting tab, the perimeter of the face section may be not less
than 1/4 inch (6.4 mm) from any point on either blade.

46.4.2 With reference to 46.4.1, an extension from the face for mechanical support of the blades is not to
be considered in the measurement provided the extension measures 0.04 inch (1 mm) or less from the
face section of the direct plug-in. See Figure 46.3.
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46.4.3 The blades of a direct plug-in ballast shall comply with the construction requirements in the
Standard for Attachment Plugs and Receptacles, UL 498. See also Figure 13.2.

46.4.4 When
an attachmen
behind the plu
shown in Figu
receptacle is |

test are insert¢d into-the duplex receptacle. A grounding type plug with a diameter of 1.5 inch

will overlap ar

Figure 46.3

Extension for mechanical support of blades

Perimeter of

/ Direct Plug—In \

Extension for
Mechanical
Support of

Blodes\

00

SM229

a direct plug-in ballast is inserted in a duplex receptacle, it shall be possible
plug into the adjacent receptacle. The attachment plug referred to has th
j face, not at.a right angle to the plug face. To determine compliance, a duplex
re 46.2 andthaving 1.531 inches (38.1 mm) dimension between the centerlin
sed. Agrounding type plug with a diameter of 1.5 inches (38.1 mm) and the

y eenter screw mounting tab of a ballast. This construction complies with th

requirement p

to fully insert
e cord exiting
receptacle as
e of the each
ballast under
es (38.1 mm)
e intent of the

ovided the tab is not thicker than 0.12 inch (3 mm)

Exception: A ballast that renders the adjacent receptacle completely unusable in any one mounting
position complies with the intent of the requirement.

46.5 Wiring details

46.5.1
For cord strain

relief, see also Section 39, Strain-Relief Test.

46.6 Thermal protection

46.6.1

Polarization of the plug blades, cord lengths, and cord strain relief requirements are given in 13.3.

Direct plug-in and through- cord ballasts shall be thermally protected when they operate the

lamps described in 16.6. The thermal protection shall comply with the requirements for Class P ballasts
described in this standard.
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47 Blade Configuration

47.1 The integral blade assembly of a direct plug-in ballast shall comply with the construction
requirements in the Standard for Attachment Plugs and Receptacles, UL 498, and the Blade Secureness
Test, Section 50. See 46.5 and 46.6.

47.2 A direct plug-in ballast shall be polarized as described in 13.3.
48 Strain Relief

48.1 The input cord of a through-cord ballast and the output cord of a through-cord and direct plug-in
ballast shall bﬁ@mmmmmwmm_ﬂ—
PERFORMANCE

49 Momentjand Weight Test

49.1 The moment and weight specified in 46.3.2 are to be determined as.follows:

a) For|ballasts with an output cord, the cord is to be cut off at the enclosure, or at the strain-relief
meang if the strain-relief means is outside the enclosure.

b) Fof ballasts with directly mounted accessories, \the values are to be measured with the
accessgories in place.

c) Thg mounting tab described in 46.3.4 is net to be included in measurements of the linear
dimensions for the purpose of determining mements unless:

1) The tab and enclosure withstand the impact described in 51.2.1 with one|impact on the
tab itself, without deformation; and

2) If the enclosure is polymeric, the tab and enclosure do not distort at temperatures to
which the material may be subjected under conditions of normal and abmormal use as
determined by thesmold stress relief distortion test in the Standard for Polymgric Materials —
Use in Electrical'\Equipment Evaluations, UL 746C.

50 Blade S¢cureness Test

50.1 Pull

50.1.1 Each blade and the grounding pin, if provided, shall withstand a direct pull of 20 pounds (89 N) for
2 minutes without loosening. The two blades tested together shall also withstand a direct pull of 20 pounds
(89 N) for 2 minutes without loosening.

50.1.2 To determine whether a ballast complies with the requirement in 50.1.1, it is to be supported on a
horizontal steel plate with the blades projecting downward through a hole having a diameter sufficient only
to permit the blades to pass through it. A 20-pound (9.1-kg) weight is to be supported by each blade and
the grounding pin, if provided, in succession and then by the two blades tested together. For a ballast of
nonrigid construction — for example, a ballast of soft molded material — the displacement of either blade
shall not exceed 3/32 inch (2.4 mm) measured 2 minutes after removal of the weight.

50.2 Push

50.2.1 The plug-in blades and the grounding pin shall not loosen to a degree that would introduce a risk
of fire or electric shock as a result of the tests described in 50 2 2 and 50 2 3
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50.2.2 A ballast is to be rigidly supported in the blades-up position. Each blade, in turn, is to be
individually subjected to a force of 30 pounds (133 N) applied gradually along the longitudinal axis of the
blade in a direction towards the face of the ballast. The 30-pound (133 N) force is to be maintained for 1
minute.

50.2.3 The sample used in 50.2.2 is to be retested by being positioned as described therein and
subjecting both blades and the grounding pin, if provided, in combination, to a single applied force of 40

pounds (178 N) for 1 minute.

51 Abuse Tests

51.1

General

51.1.1 Thep
— 51.4 withou
illustrated in F|

Exception: En
Impact Test dg

51.2 Impact
51.2.1 Thres
in succession

the drops is to
other drops.

51.2.2 The H
thick tongue-g
assembly is to

olymeric enclosure of a ballast shall withstand the mechanical abuse tests des
t making live parts which pose a risk of electric shock accessible ‘by use

Qure 51.1.

closures that are completely filled with potting compound need only be sul
scribed in 51.2.

samples are to be subjected to this test. Each ballast is to be dropped (free fg
from a height of 3 feet (914 mm) onto a hardwood surface as described in 5]
result in the impact occurring at a point on(the ballast different from the impac

ardwood surface mentioned in 51.2.1 is to consist of a layer of nominal 1-in
nd-groove oak flooring mounted on two layers of 3/4-inch (19.1-mm) thick
rest on a concrete floor or the'equivalent during the test.

cribed in 51.2
of the probe

bjected to the

Il) three times
.2.2. Each of
points on the

ch (25.4 mm)
plywood. The
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