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FLUORESCENT-LAMP BALLASTS - UL 935

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 device, with electric-discharge lamps of other than the fluorescent type.

1.3 Fluoresc
Self-Ballasted
in this Standa

1.4 A product
from those co
or injury to
requirements
product whos
requirements
shall be propo
implementatio

2 Glossary
2.1 Forthep

2.2 BALLAST

bnt self ballasted lamps and ballast adaptors are evaluated using the
Lamps and Lamp Adapters, UL 1993. The component ballast is evaluated tq
Fd.

that contains features, characteristics, components, materials, ot’systems n
ered by the requirements in this standard, and that involves a.risk of fire or of
ersons shall be evaluated using appropriate additiorfal Component and
to maintain the level of safety as originally anticipatied“by the intent of th
e features, characteristics, components, materidls, or systems conflict
br provisions of this standard does not comply with'this standard. Revision o
sed and adopted in conformance with the methads employed for developmen
h of this standard.

irpose of this standard the following ‘definitions apply.

current of a |
starting volta

2.3 CHEESECLOTH — Used in abnormal condition tests as an indicator of a fire hazard. E
cheesecloth ig to be 36 inches)(910 mm) wide, running 14 — 15 yards per pound (28 — 30
have what is known to the.frade as a count of 32 X 28; that is, for any square inch, 32 thr
direction and P8 threads/in the other direction (for any square centimeter, 13 threads in on

and 11 threa

2.4 CLASS P|PBOTECTED BALLAST — A ballast that is integrally protected from overhesé

— A device that by means gf-reactance or resistance, singly or in combinati
mp to the required value-forproper operation and, where necessary, providg
; and in the case of rapid start circuits, provides for low-voltage lamp filame

in the other direction).

Standard for
requirements

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

bn, limits the
s adequate
nt heating.

Bleached

m/kg), and
pads in one
e direction

ting, 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 controll

ed 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 |

amps 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.

2.11 INSTANT-START CIRCUIT — A circuit that employs a high open-circuit voltage to start lamps that

usually have

i 1 3 £ £ [N ol
DIIIUIU vUTIiAautl At TAull CITu.

2.12 LEAD-L
other lamp in
instant-start o

\G CIRCUIT — A two-lamp circuit that has one lamp in series with an_ifductg
Series with a capacitor to attain a high power factor. Generally, it may be pa
preheat circuit.

2.13 LIVEP
grounded (ne

RTS — Metallic parts intended to carry voltage or current. A part that is conn
tral) supply conductor is determined to be a live part.

2.14 MEASU
RMS, in the measurement instrument in Figure 23.2, divided by.500 ohms. The instrumen
equal to the HMS value in milliamperes when the frequency is:60 Hz (sinusoidal current).

is not always p direct indication of the RMS or other common” amplitude quantifier of leakal
when the leakage current is of complex waveform or freqtiency other than 50 or 60 Hz.

2.15 POWER CAPACITOR — A capacitor that is.connected:
a) In peries with a lamp or lamps and.provides the ballast impedance for the lamg

b) Acfoss the input leads of theballast or across an extension of the primary wing
-factor correction.

2.16 PREHEAT CIRCUIT — A circuit with a ballast connected in series with a lamp, and h
manual or aufpmatic starter that functions to cause an initial heating of the lamp filaments
ionizing the |
circuit.

r and the
t of either an

ected to a

REMENT INDICATION UNIT (MIU) — The output veltage across the meter, in millivolts

indication is
The reading
ge current

current; or

ing for

aving a
prior to

p. The starter, when closed, connects the two lamp filaments in series in the ballast

2.17 RAPID-$TART CIRCUIT - A circuit employing continuously heated lamp filaments,
open-circuit voltage for the ballast to start a lamp without a starter. The lamps usually hav

long with an
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 conn
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

¢) Both inductive and capacitive reactance.

ected to
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2.19 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.

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 ag indicated in 3.2, a component of a product covered by this standard shallicomply with the
requirements for that component. See Appendix A for a list of standards covering compongents generally
used in the prpducts covered by this standard.

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

a) Inyolves a feature or characteristic not required in the application of the compopent in the
produft covered by this standard, or

b) Is puperseded by a requirement in this standard.

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

3.4 Specific jomponents are incomplete in construgtion features or restricted in performange capabilities.
Such compongnts are intended for use only under limited conditions, such as certain temperatures not
exceeding spécified limits, and shall be used:enly under those specific conditions.

4 Units of Meéasurement

4.1 Values stpted without parentheses are the requirement. Values in parentheses are g¢xplanatory or
approximate information.

4.2 All valueg of voltage and current are true rms values unless otherwise indicated.
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5 Undated References

5.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as 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 precedes it in the following list:

a) Anlindoor 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

3) An outdoor sign if the ballast is within an overallyelectrical enclosure.
c) A Type 2 outdoor ballast is intended for use in:

1) Outdoor equipment;

2) A fixture intended for use in web,0r damp locations; or

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

d) A yeatherproof ballast is.intended for exposure to the weather without an additjonal
enclosure.

6.2 Materials |employed in a ‘ballast shall not be adversely affected by the temperatures to which they are
subjected during normal eperation. See 11.2, 13.2.4, and 13.2.5.
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7 Mechanical Assembly

7.1 A ballast shall be formed and assembled so that it will have the necessary strength and rigidity to
resist the abuses to which it is likely to be subjected, without increasing the risk of fire, electric shock, or
injury to persons due to total or partial collapse resulting in a reduction of spacings, loosening or

displacement of parts, or other defects.

8 Enclosure

8.1 General

8.1.1 A ballast shall be provided with an enclosure of metal or of a polymeric material that has been

investigated
requirements

Exception: A
core-and-coil

8.1.2 A ballag
a) All
butt s
0.005
0.250

b) Th
An op

Exception No

Exception No
the enclosure

8.1.3 A Clasg

a) Th
with a

af ada Lactadl £ oo ol aael o DPal oM doiacial
T TUUTTU TU VO TVvAaludiocu 1UT Ui1c 1Mol iutu uoT. UTUo 1 UIyIIIUIIU wialtlidio, 4
or a polymeric material used as an enclosure.
ballast.
t is determined to be enclosed when:

seams are overlapped, except that a total length of not more than 3 inches
bam meets the intent of this requirement when no epening in such seam is 1
square inch (3.23 mm?) in area and the total ared/of’ such openings is no m

square inch (161.29 mm?); and

e perimeter of each opening for a lead wirefits closely around the wire that
ening of 1/8 inch (3.2 mm) diameter or\less complies with this requirement.

1: Laminated core sections are net required to be enclosed.

2: A Class P ballast withoutpotting is not required to have lapped seams
are joined.

P electronic ballast'is able to have openings for ventilation when:

e ballast is provided with an overcurrent protective device rated 5 A or less ¢
foil trace that'neets the requirements of this standard;

betw

b) Ci;FuIar openings have a diameter not exceeding 3 mm (0.12 inch) and minimu

n.circular openings is 3 mm (0.12 inch);

ection 20, for

reactor ballast intended for use within the enclosure of other equipment may be an open

76.2 mm) of
nore than
bre than

t encircles.

Wwhere parts of

r is provided

m spacing

c) Re

ctangular (or square) openings have dimensions not exceeding 3 mm (0.12

and 30 mm (1.18 inch) in length; and

nch) across

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.
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8.1.4 The thickness of a cast- or sheet-metal enclosure shall be in accordance with Table 8.1.

Table 8.1
Thickness of metal enclosures

Gauge, is 0.030
increased so it i

2 See 8.1.5.
b Uncoated sheg

requirement whq
1) Th
2) Th

3) Th
Impac

Note that the m¢
ballast is marke

Metal Minimum thickness, inch (mm)
At small, flat, non-reinforced surfaces | At relatively large non-reinforced flat
and at surfaces that are reinforced by surfaces
curving, ribbing, or the like
Die-cast metal 3/64 (1.2) 5/64 (2.0)
Cast malleable iron 1/16 (1.6) 3/32 (2.4)
Other cast metal 3/32 (2.4) 1/8 (3.2)
Uncoated sheet [steel 0.026 (0.66)2b 0.026 (0:66)2P
Galvanized shegt steel 0.029 (0.74)2 0.029/(0.74)2
Nonferrous shedt metal (including 0.032 (0.81)° 0/0327(0.81)°
extruded)
NOTE — These @re minimum dimensions based on nominal metal gauge thicknesses, for example, 22 Manufacurer's Sheet

inch, nominal, 0.026 inch minimum. Because of the tolerance in metal gauge, sizes, metal thick
never less than the specified minimum.

t steel or nonferrous sheet metal with a minimum thickness of 0.020'inch (0.51 mm) meets the
n:

b ballast is intended to be used indoors only or marked for«<I'ype 1 outdoor use;
b overall weight is less than 8.8 pounds (4.0 kg); and

b ballast is completely compound filled, or the ballast complies with the Crushing Resistance an
tests described in the Standard for Polymetic-Materials — Use in Electrical Equipment Evaluati

tal is uncoated when measured, however, it shall have an additional metallic or organic coating
"Type 1 outdoor use.”

hess is to be

intent of the

H Resistance to
bns, UL 746C.

when the

8.1.5 A sheet]
if galvanized s

8.1.6 A closu

Lsteel enclosure of a weatherproof ballast shall not be less than 0.056 inch (1
teel, and not less than 0.053 inch (1.35 mm) thick if uncoated steel.

re for a hole_naJlarger than 1/2 square inch (323.0 mm?) in area in the b3

enclosure co

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

b) Thg sdrrounding metal is reinforced by forming; and

plies with_ this*requirement if:

.42 mm) thick

se of a metal

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 n

ot 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.
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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?P), and if the insulating material is supported in a complete frame or rests on the metal
enclosure around the entire perimeter. See 13.4.

8.1.8 Fiber shall not be employed for any part of the enclosure or for lead bushings of a ballast intended
for outdoor use, and fibrous material shall not be used for any internal part of an outdoor ballast unless it
is covered completely with a material that will prevent the absorption of moisture by the fibrous material.

8.2 Raintightness

8.2.1 A weatherproof or Outdoor Type 2 ballast shall be constructed so that it excludes a beating rain

when tested inacecordance-with-the-Water-Spray—test-Secton 37—

Exception: The Water-Spray Test is not required when a ballast is fully potted.
8.2.2 Means

or unthreaded

or drainage shall be provided in the enclosure of a weatherproof ballast that Has a knockout

conduit opening.

9 Means for Mounting

9.1 A ballast

otherwise arrg

9.2 A ballast
intent of the

assembly to a
located outsid

9.3 A ballast

other means t
10 Protection Against Corrosion

10.1 General

10.1.1 Anen
or the equival

Exception: A

ntended for permanent installation shall have at leasttwo mounting feet or ed
nged for support at not less than two points to reduce the likelihood of turnir

ntended for permanent installation and provided with a single, threaded nip
equirements when the nipple is a standatd trade size long enough for tw
fixture enclosure. The ballast enclosure shall be evaluated for a constructior
e a fixture enclosure.

connected in the power-supply:cord, as specified in 46.3.1, shall not have §
hat may be used to mount the-ballast permanently.

losure constricted of iron or steel shall be protected against corrosion by pl
bnt. Bothlinside and outside surfaces of an enclosure shall be protected ag

pretective coating need not be applied to:

Irs, or shall be
g.
ple meets the

o locknuts for
with a ballast

crew holes or

ting, painting,
inst corrosion.

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

b) Flat metal surfaces that are tightly clamped together.

10.1.2 Exposed surfaces of the iron from which a core is assembled shall be protected against corrosion.
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10.2 Outdoor ballasts

10.2.1 A ferrous-metal enclosure of a ballast marked for Type 1 outdoor use shall be protected against
corrosion in accordance with 10.1.1 and 10.1.2.

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 No. 2: A steel enclosure provided with an organic coating complies with this requirement if
comparative tests with galvanized-sheet steel (without annealing, wiping or other surface treatment)
Conformlng ‘l/‘l .th ASTI"Vf UUatI‘IIH DCOI’}II‘;G:I’UII CCO I’l‘;dl‘uatc thc Uual‘l.lly lJIUVI’dGO CL’UI‘VGI’ nt proteCtlon.
Among the fagtors that are to be taken into consideration when judging the acceptability ‘efsuch a coating
system are exposure to salt spray, and moist carbon dioxide-sulphur dioxide-air mixtures.

Table 10.1
Sheet-steel coatings
Table 10.1 revised June 10, 2010

Type of goating Coating designation or thickness in inchgs (mm)
(A) Hot-dipped mill-galvanized steel G60 or A60?
(B) Zinc coating other than Type (A) 0.00041 (0.0104)P

a Conforrping with the coating Designation G60 (galvanized) or A6Q (alloy) in Table 1 of the ASTM Designation
AB653/A6%3M, with no less than 40 percent of the zinc on any side,*based on the minimum single-spot-tept
requirement in the ASTM designation.

b Averagg thickness with a spot minus tolerance of 0.00007 ifich (0.00178 mm).

10.2.3 Cut edges and punched holes of a steel-enclosure for a ballast need not be treated to reduce the
likelihood of cprrosion if the ballast is:

a) Marked for Type 1 outdoor.use; and the steel enclosure is prepainted; or

b) Marked for Type 1 or_Typé 2 outdoor use and provided with a metallic ASTM cpating
Desigpation of G60 or G90.

10.2.4 A nonferrous enclosure for a ballast marked either Type 1 or Type 2 outdoor use may be
employed without corrgsion protection.
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10.3 Weatherproof ballasts

10.3.1 A ferrous metal enclosure of a weatherproof ballast shall be protected against corrosion with a
coating of zinc that complies with one of the following:

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-Iron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40 percent of
the zinc on any side, based on the minimum single-spot-test requirement in 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 of Coating on Zinc-Coated Iron or Steel Articles, ASTM 490-

81(19

Q4

b) A
applie
a min
estab
comp

“arn

rinc coating, other than that provided on hot-dipped mill-galvanized shget stg
d to an average thickness of not less than 0.00061 inch (0.015 mm) on each
mum thickness of 0.00054 inch (0.014 mm). The thickness of theeeating sh
shed by the Metallic-Coating-Thickness Test, Section 36. An annealed coati
y with the requirement in 10.3.5.

10.3.1 revised June 10, 2010

10.3.2 Ordingry painting or ordinary baked enamel is not considefed to provide the neces

protection for
10.3.3 Hinges
10.3.4 Metalg

10.3.5 An an
the bent or fo
considered dd
section is visi
considered to

11 Compound

11.1 An enclq
potting compa

Exception No

A cast-iron enclosure or exposed parts of a ballast/core of a weatherproof bg
and other attachments of a weatherproof ballast shall be resistant to corros
shall be used in combinations that are\gdlvanically compatible.

nealed zinc coating that is bent or-similarly formed after annealing shall alsg

med area if the bending or forming process damages the zinc coating. The

maged if flaking or cracking-of the zinc coating at the outside radius of the |

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 re

sed Type_toutdoor, Type 2 outdoor, or weatherproof ballast shall be compl
und. See0.2.2.

1:54 ballast enclosure need not be completely filled with potting compoun

surfaces are

insaccordance with the requirements for Protection Against Corrosion in

el, uniformly
surface with

all be

ng shall also

sary degree of
llast.

on.

be painted in
vinc coating is
ent or formed
holes are not
quirement.

tely filled with

if the interior
ction 10 and

spacings for any uninsulated live parts are in accordance with the requirements in Section 19, Spacing of
Electrical Parts.

Exception No. 2: An electronic-ballast enclosure need not be provided with potting or may be partially filled

with compoun

d if:

a) The interior surfaces are protected against corrosion in accordance with the requirements in
Protection Against Corrosion, Section 10; and
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b) Spacings with or without a conformal coating that complies with Section 17, are maintained
for adjacent uninsulated live parts and any uninsulated live part and accessible dead metal
parts.

11.2 Compound shall not soften to the extent that it does not perform its intended function at the
temperature to which it is likely to be subjected during normal and abnormal operation. See 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

12.1 A coil sh
between wind

each other. Ipsulation, unless inherently moisture resistant, shall be treatedrso“as to H

moisture. Film
20.11.

Exception: B
materials betv
of 5 amp or I

12.2 For othgr than coil forms, a material used as the ‘miounting of uninsulated live

porcelain, phg
complies with

12.3 Insulatin
the Standard

both the Nornmal Temperature Test, Section-25, and the Abnormal Temperature Test, Sed

standard. Alsq

12.4 A coil d
Temperature

insulation system that complies)with the Standard for Systems of Insulating Materials — Gen

Exception: T
in an electron

a) Iny

Haterials

all be provided with insulation between the windings and the core and the ¢
ngs that operate at a different potential or that are not electrically conductivel

coated wire does not require additional treatment to resist moisture absorp
ifilar wound coils, such as on an EMI filter, shall not be used with additional s

yeen the coils, unless the coils are in a metal enclosure and are protected by
SS.

nolic, or cold-molded composition, or othér thermoplastic or thermosetting
the appropriate requirements for Polymeric Materials, Section 20.

g materials of a coil device shall beirated for the temperatures involved in ag
or Polymeric Materials — Long«lerm Property Evaluations, UL 746B, as dete

see 20.11.
bvice that operates ‘above Class 105 temperature limits as indicated in bo

Test, Section 25( and the Abnormal Temperature Test, Section 26, shall i

he insulation system is not required to comply with UL 1446 when the coil de
¢ ballast-and:

nclosure, and
connected to
e resistant to
tion. See also

heet insulating
a supply fuse

pbarts shall be
material that

cordance with
rmined during
tion 26 of this

th the Normal
ncorporate an
eral, UL 1446.

vice is located

olves a potential less than 30 V rms (42.4 V peak), and has power less thar

50 watts

availa

ble when determined in accordance with 29.6;

b) Is an electromagnetic interference filter component:

1) Connected on the load side of an overcurrent protective device rated 5

2) Incorporating a single winding; or

A or less;

3) Incorporating rigid, fixed insulation between coils connected to opposite polarity

(such as a bobbin or spacer);
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¢) Is a winding consisting only of film coated magnet wire wound on an insulating bobbin with a
magnetic core isolated from ground or accessible dead metal; or

d) Does not provide electrical isolation between primary and output or primary and accessible
low voltage circuits.
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12.5 An insulating pad made of silicone rubber and having a minimum thickness of 0.005 inch (0.13 mm),
or mica and having a minimum thickness of 0.004 inch (0.10 mm) is acceptable for the insulating of a
semiconductor device to accessible dead metal provided the voltage is 120 volts (170 volts, peak) or less
between the device’s metal part and its mounting. Another insulating material 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 bearlng agamst sharp pomts although random contact is acceptable Potting
compound su| . re-tsttating liner. For

ons, such as insulation between a wound coil and the ballast enclosure,,as

other applicat
material other
puncture forcq

12.7 A Type
type, shall:

a) Be

Exceq
furthe

12.8 An outd
wiring board {

13 Supply and Load Connections

13.1 Termingl and lead«wiré compartments

13.1.1 Aterm
lead wires sha

than paper or polyester, shall have puncture resistance equal to or greater tha
of 0.005 inch (0.13 mm) polyester.

I outdoor ballast that is not provided with an enclosure, such as’in an oper

impregnated to reduce the risk of absorption of moisture:

tion: A bobbin of nylon or other molded plastic meets the intent of the requi
I impregnation.

ve lead wire insulation that complies with(13:2.2.
mply with the Humidity-Conditioning¥gest, Section 38.
ve rated output of 300 volts ordess.

pbor rated ballast that is ot potted into an enclosure or have conformally
hall be subjected to the ‘Humidity Conditioning Test, Section 38.

nal compartment or splice compartment for the connection of the source of sy
Il provide field wiring space for the incoming wires and splices to the ballast le

wire size is e

heet insulating
n the average

-core-and-coil

ement without

coated printed

pply and lamp
nd wires. Field

pected to be 12 AWG (3.3 mm?). See 13.1.3.

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

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

Conductor size for determination of the minimum terminal or splice compartment volume

Conductor volume
Size of conductor, AWG (mm?) in3 (cm?3)
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)

wires (2 supply
the lampholders

Example: An autotransformer ballast has a 120 volt input and operates two F32TB lamps in a rapid start design. All ballast

IO 6 TAMp) AT T8 AW G T HeTe are WO INComing 2 AW G SUpply WiTeS amd-SiX meomtng 87

Required Volume = 14 x 0.5 + 2 x 1.0 = 9 in® = 147.8 cm?®

WG wires from

13.1.3 The w

a) B

(0.82

f) Bal
g) An

13.1.4 There
drainage, and

13.1.5 A hole
lowest live pa

I
comprf
(2.1

re count shall include:

nch circuit wires entering a terminal or wire compartment (ferthe purposes

Mp wires entering a terminal or wire compartment;

punding wires provided with the ballast;

last wires for the supply and alternate-taps;
last wires for the lamp;

ast wires for a capacitor,"when the capacitor is externally connected; and

y accessory control wires.

shall be no openings in a terminal or splice compartment other than thos
those required-for mounting the ballast.

for conduit in a weatherproof ballast, shall be threaded unless it is located wh

t of the device. Insulated wire leads are not considered to be live parts.

rtment volume, incoming supply wires are assumed to be 12 AWG (3.3 mm
m?) per the exception to 13.1.1, and the lamp circuit wires are assumed to e 18 AWG
mm2);

bf calculating
f) or 14 AWG

p provided for

olly below the

13.1.6 A bus

1ed hole for open wiring shall not be Tocated in the top or back of a weatherproof ballast

unless a hood fitting is provided. If a bushed hole is located in a side above live parts, it shall provide for

a downward d

13.1.7 A nippl

irection of the wires leaving the enclosure. See 45.5.7.

e provided with a weatherproof ballast for field connection to a splice box:

a) Shall provide a smooth, rounded opening for the leads; and

b) Shall be located in the bottom of the enclosure unless the leads are sealed within a nipple.

See 45.5.7.
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13.1.8 The words below, lowest, top, back, side, above, downward, and bottom in 13.1.5— 13.1.7 denote
relative positions 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 construction is employed, there shall not be less than 3-1/2 or more than 5 threads in the
metal. The construction of the device shall be such that a conduit bushing can be properly attached.

13.1.10 If threads for the connection of conduit are not tapped all the way through a hole in a box wall,
conduit hub, or the like, there shall not be less than five full threads in the metal. An inlet hole for the
conductors shall be smooth, rounded, and afford protection to the conductors equivalent to that provided
by a standard conduit bushing. The inlet hole shall have an internal diameter approximately equal to that

of the corresp

onding trade size of rigid conduit.

13.1.11 A terminal or splice compartment shall have provision for grounding when the inco
other than mgtallic conduit. The ground connection means shall be either a pig-tail lead w
terminal. A pig-tail lead wire shall be green in color, at least 6 inches (152.4 mm) inllength

gauge to the
sheet metal s

13.2 Lead wi

13.2.1 A ballg
(0.82 mm?) or
factory-attach
connector) sh

13.2.2 The in
outdoor shall
braid on a lea

13.2.3 A rubn
13.2.4 Deletd

13.2.5 The ir
insulation sha
75°C (167°F)
have insulatig
connected to
voltage, whic

pallast primary lead wires. A wiring terminal shall comply with the-requiremg
crew shall not be used.

res

larger and be a solid or stranded, copper conductor ‘with or without tinning.
ed lampholder of a type that involves handling by the user during rel
bll employ stranded conductors in lead wires tothe lampholder.

13.2.1 revised July 19, 2009
sulation on the lead wires of a ballast marked weatherproof, Type 1 outdg
be a material resistant to moisture<absorption, such as polyvinyl chloride (P
d shall be treated to resist moisture absorption.
er-insulated lead wire shall*émploy an outer braid.
d December 11, 2Q07.
sulation on a\lead wire shall be rated for the temperature and voltage
and have an outer braid. Primary lead wires and other lead wires in the primg

n ratedfor the maximum rated input voltage. All other lead wires, other th
low yoltage Class 2 circuit, shall have insulation rated for the rated input vo

ming supply is
ire or a wiring
, and equal in
nts in 13.6. A

st lead wire provided for the field supply connectionor-output connection shall be 18 AWG

Ballasts with a
hmping (lamp

or, or Type 2
\VC). An outer

involved. The

| be rated for\a temperature of at least 90°C (194°F), or shall be rated for a femperature of

ry circuit shall
an lead wires
tage or output

Irever is higher. Lead wires for a low voltage Class 2 circuit shall be rated 4

t least for the

voltage available in the circuit. Lead wires for a low voltage Class 1 — power limited circuit shall have
insulation rated for the rated input voltage or output voltage, whichever is higher.

13.2.6 Primary 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) Al

ead wire connected to a tap in the primary winding; or

b) A lead wire connected to a winding intended to provide current to heat the cathodes of a
rapid-start circuit if such a winding has one end common with either a primary lead wire or a tap

in the

primary winding.


https://ulnorm.com/api/?name=UL 935 2018.pdf

22

FLUORESCENT-LAMP BALLASTS - UL 935

JULY 17, 2009

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 having a rated input voltage in the ranges of 200 — 215 or

460 -

600 volts; 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 primary
lead wire connected to the grounded supply conductor.

13.2.8 A lead wire intended for the connection of a grounded power-supply conductor shall be:

a) ldentified by white or gray color;

b) M4
c) ldg
lead Vi
itself.

13.2.9 A ballg

a primary lead wire that is intended to be grounded, depending upon“the intended suppl

45.2.2.

13.2.10 Thdg
grounding-cor
so identified. H
in color with g

parts of the emclosure.

13.2.11 An e
isolated earth

a) Sh
b) Is
c) Sh

13.2.12 The i
inch (0.8 mm)

rked with the letters "WH,” "WHT,” or "COM”; or
ntified on an attached wiring diagram in some manner. For example, the loc

ire exit on the diagram directly corresponds with the lead wire eXit\location i

st having a rated input voltage outside the ranges specified ih 13.2.7 may or

surface of an insulated lead wire intended for connection of a
ductor shall be green with or without one or more yellow stripes, and no othe|
For an electronic ballast, a lead wire broughtieut and intended to be grounded
r without one or more yellow stripes and“shall be bonded directly to the ac

ectronic ballast having a lead‘wire brought out that is intended to be co
ground or connected to a speeial equipotential grounding point:

all be other than green in“color with or without one or more yellow stripes;
hot required to bé bonded to the enclosure; and

pll have an«eXplanation on the ballast label indicating its purpose and conne

thick unless investigated and found to have properties intended for the appl

ation of the
n the unit

may not have
system. See

N equipment
r lead shall be
shall be green
cessible metal

hnected to an

ction.

hsulationson a lead wire not provided with a braid or a nylon jacket shall beg at least 1/32

cation.

13.2.13 Thermoplastic-insulated wire, used as a lead wire or for internal connections, 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:
requirement.

If rated for the voltage involved wire with thinner insulation meets the intent of the
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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 tubing 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 tubing shall:

a) Be acceptable for at least 90°C (194°F);

b) Hgve 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) max{imum at each
end of the lead if it is permissible.

Exceqtion: When all lamp lead wires do not exit from the same opening of the ballast enclosure,
the lehgth of tubing may be reduced by the minimum amount.nécessary to accpmmodate the
bifurcgtion of the wires.

13.2.16 revised December 11, 2007

13.2.17 A baljast may be provided with a connector for conneetion of non-integral lead wire by means of
a wiring harngss 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.

13.3.1 For a [simple reactance ballast-of-a through cord or a direct plug in type, the copductor of the
incoming cord or plug blade that is intérided 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, thefe shall be no
difference in potential between(thg' conductors of the incoming and outgoing cords that are |ntended to be
grounded wh@n the ballast is_in operation. For the direct plug in ballast, there shall be np difference in
potential between the plug-blade and the outgoing cord that is intended to be grounded when the ballast
is in operatior.

13.3.2 An attachment plug of a through cord or other cord connected ballast shall be provided on the
supply end of|axcord, see 13.3.4 — 13.3.6. The overall length of the supply and lamp corzl;;, 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.
13.3.3 effective October 27, 2002
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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 attachment plug or in a
2 pole, 2-wire, 15-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
greater 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 connected to a parallel-blade attachment plug as illustrated in Figure 13.1. If only two blades are
provided with a direct plug in ballast, the blades shall be connected as shown in Figure 13.1. The
dimensions of the blades are to be as shown in Figure 13.2. For a simple reactance ballast, the smaller
blade shall connect directly to the ballast. The larger blade shall connect to outgoing cord as 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 TO BE
JCTOR)

CONDUCTOR INTENDED TOBE GROUNDED
(IDENTIFIED CONDUCTQR)®

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

CONDUCTOR NOT INTENDED TO [BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
AB100 (IDENTIFIED CONDUCTOR)®

b The conductor intended to be grounded signifies a conductor identified in one of the following ways:

1) A white or gray colored conductor insulation;

3

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

)

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

@ 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.
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Figure 13.2
Polarized plug dimensions

Face of plug

: Hole, if used, is locoted as
13.8 . shown ond is 3,2 mm diameter

18,2/15.9 . @ chamfered to 4 mm diameter

6.6/6.1 Viewed from the plug face
All dimensions are metric
Dimensions are mny'/min if nated

1.6/1.4
127 | e
.............. [ ] 7
1.6/1.4
Adapted from NEMA publication
General Purpose Wiring Devices, WDt 1
with english’ dimensions converted tp
SM862 8 2/7 8 metric and rounded to 0.1 mm.

13.3.6 When fthe flexible cord includes an equipment-grounding conductor, that conductor ghall be green
in color with of without one or more yellow stripessFhe conductors of the flexible cord shall|be connected
to a parallel-plade, 3-wire grounding attachment plug as illustrated in Figure 13.1. The grounding
conductor shdll be connected to the ballast, enclosure, when constructed of metal. The grounding lead is
to be crimped| or crimped and soldered, t0sthe ballast enclosure. The dimensions of the blades are to be
as shown in Fjgure 13.2. The groundingconductor shall also connect to a conductor on the|outgoing cord
and shall be green in color with or.without one or more yellow stripes. For a simple reactance 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.
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13.4 Bushings

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 Anins
or lighter serv

Lilating bushing, not less than 1/16 inch (1.6 mm) thick, shall be used where
ce than Type SV enters an enclosure.

13.5 Strain relief

13.5.1 Strain
cord from beir
See the Strair

13.5.2 A lead
entrance is cg

13.6 Terminag

13.6.1 Wire b
13.6.2 — 13.6.

13.6.2 A term
(a) of Table 2

a) A
(such

b) Of

c) Ot

relief shall be provided on a lead wire or a flexible cord to résist stress on th
g transmitted to the interior wiring or connections or to theiterminals of the att
-Relief Test, Section 39.

wire or flexible cord that is embedded in compound inside the enclosu
nsidered to be provided with the necessary strain relief.

Is

nding screws or pressure-type terminals provided for field wiring terminals sh
11.

inal intended for the connection of a grounded power-supply conductor as sg
P.1 shall be:

bressure-type wire connecting means identified by a plating substantially whi
as nickel);

a metal that.is ‘substantially white in color;

herwise colored white, marked with letters "WH,” “"WHT,” or “"COM”; or

d) Idg

a flexible cord

e lead wire or

achment plug.

e at the wire

all comply with

ecified in item

e in color

ntified on an attached wiring diagram in some manner. For example, the loc

ation of the

terminal on an attached diagram directly corresponds with the terminal location in the 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 color;

¢) The word “ground”, the letters ”G,” “GND,” or “GR”, or the symbol in Figure 13.3;
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d) Identified on an attached wiring diagram in some manner. For example, the location of the
grounding wire or terminal on the diagram directly corresponds with the grounding wire or
terminal location in the unit itself; or

e) A pan head screw colored green, when used as a pressure terminal means for grounding in

junction boxes and in other wiring compartments.

Figure 13.3
Grounding

13.6.4 A wirirjg terminal shal-be’/provided with a soldering lug or pressure-wire connector,|bolted or held
by a screw.

13.6.5 A wiripg terminal employing a wire-binding screw shall be provided with upturned lugs or the
equivalent to hold a-wire under the head of the screw.

13 6 6 A er hindina cnrawg tarminal Ay A nrAcolira darminal AaannAantar chall ha rA~~cond or |ocated SO
.0. Comamg—SCrovw e o O o pProosour Tt o SO Cto—oran— o C—TCc T ooCthT

all
that it will be unlikely that wires will contact live parts after installation of the device.

Exception: Wire binding screws need not be recessed or otherwise located provided the spacing
between the field wiring terminals is at least the dimensions given in Table 19.1 between parts of opposite
polarity or between live parts and dead metal parts.
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13.6.7 A pressure type wire connector intended for the connection of supply leads shall comply with the
Standard for Wire Connectors, UL 486A-486B, be rated 600 volts, and be capable of connection to either
a 12 AWG (3.3 mm?) or 14 AWG (2.1 mm?) supply wire.

18.6.7 revised November 6, 2009

13.6.8 A terminal plate having a tapped hole for a wire-binding screw shall be of metal not less than 0.030
inch (0.76 mm) thick and shall have not less than two full threads in the metal.

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 wir

13.6.11 A win
per inch.

13.6.12 A pus
and automati
connection if

45.7.3. A push-in wiring terminal for connection of supply leads shall,only allow for the terr
conductor supplying the ballast, and not provide{for additional connections, unless the

branch circuit
push-in wiring|

13.6.13 A pu
clearance ang

14 Live Parts

14.1 lronor s

Exception No
requirements

Exception No
and would no

to splice them.

e=bindimg-screwshatt-thread-mtometat:
E-binding screw shall not be smaller than No. 6, and shall not have more th
5h-in (screwless) field wiring terminal (one in which a stripped copper condug
cally locked in a wire entrance hole) meets the intent of\pfoviding a cy
t complies with Tests on Push-In Terminals, Section 40, and the requiremern
terminal has been evaluated to handle full branch{circuit current.

bh-in type field wiring supply terminal shall be“provided with a 3/8 inch (9.5

creepage distance measured from the recessed contact to accessible dead
13.6.13 revised.April 27, 2001

teel, plain or plated, shall npt'be used for parts that are depended upon to ¢

1: This requirement does not apply to current-carrying parts of a compone
separate from this standard. See 3.1.

2: Steel may ‘be a live part if it is in a parallel path with copper or aluminu
b be subjectita corrosion — for example, a steel ring that is crimped around t

14.2 A solde
be insulated

d.eonnection shall be mechanically secured before being soldered. The cg

an 36 threads

tor is inserted
rrent-carrying
ts specified in
nination of the

mm) minimum
metal.

arry current.

nt covered by

m conductors,
o conductors

nnection shall

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

n 19.

Exception:

If mechanical security of a soldered joint is impractical or impossible, a joint may be made

without mechanical security before soldering, provided both sides of the joint are secured in such a way
that stress on the connection, either during or after manufacturing process, will be unlikely.
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14.3 An uninsulated live part shall be permanently mounted and secured to resist turning or shifting in
position if such motion may result in a reduction of spacing below minimum values.

14.4 Live parts that are mechanically secured and positioned with respect to dead metal parts and that
are covered with compound are considered to be insulated.

14.5 Foils on a printed wiring board shall be subjected to the requirements of Section 18, Printed Wiring
Boards.

15 Capacitors

15.1 |If capaC|tor is connected so that a voltage is avallable at any of the external leads or connections
after the balla : ppet-with—a—positive—means r draining the
stored charge| so that the dlfference in potentlal between the capacnor termmals will be5p volts or less
within 1 minute after the capacitor is disconnected from the source of supply.

Exception: This requirement does not apply to a capacitor:

a) R4ted not more than 0.06 microfarad and charged to a potential*of not more than 500 volts
peak;|or

b) CRarged to less than 7.5 mJ when using:

J=1/2CW

where
C = id the capacitance, in farads
V = ig the charged voltage, in volts;
15.2 A capacijtor connected so that it(does not discharge through the ballast windings shajl discharge to

a potential 50|V peak or less within_ one minute through a bleeder resistor. The maximum registance value
of a bleeder resistor shall be determined by this relation:
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in which:

-
50 volts = V. xe R

R is the resistance in ohms

C is the capacitance in farads

tis 6(

V. is

seconds

he voltage on the capacitor
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e is base e

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

_K
k=7

in which:
R is the resistance value in megohms,
K is the resistor factor determined from Table 15.1, and
C is the 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 71.578 76
11 -120 79L 85 70
21-130 86 — 92 63
31140 93 — 99 55
41 - 150 100 — 106 54
51 -170 107 — 120 50
71 — 200 121 — 141 44
201 — 240 142 — 169 39
341 - 280 170 — 197 35
281 — 325 198 — 230 32
26 — 375 231 - 265 30
76 — 45Q 266 — 318 27
451 — 500 319 - 353 26
Q1°<\700 354 — 495 23
7 | 1000 406 707 10
1001 — 1400 708 — 999 18

15.3 The potential specified in 15.1 and 15.2 is the maximum voltage measured between capacitor
terminals under any condition of ballast operation — including lamp starting, lamp operation, operation
without a lamp, and operation with a deactivated lamp or lamps — while the ballast is in a heated condition
from the Normal-Temperature Test, Section 25.
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15.4 The voltage rating of a power capacitor shall not be less than the potential developed across its
terminals during normal operation with any lamp, or combination of lamps for which the ballast is rated,
see Voltage Measurement — Power Capacitors, Section 31. In addition, the potential developed across the
capacitor terminals shall not exceed 140 percent of the rated capacitor voltage during the lamp-starting
cycle, and for the abnormal-operation tests.

15.5 A power capacitor employing a dielectric medium of wax or of liquid other than askarel shall comply
with the requirements for protected oil-filled capacitors in the Standard for Capacitors, UL 810, and shall
be used within its rated voltage.

15.6 A pressure-interrupting-type capacitor as described in 15.5 relieves an internal fault condition by
movement of the terminal end of a capacnor enclosure to break the cwcwt internally. The movement is
initiated by an—n e S 5 A
amount of clearance space ina ballast not mcludmg the pottlng compound is dependenton the capacitor
construction.

Exception Noj 1: A thermally protected capacitor does not need additional cleafance space.

Exception No| 2: Clearance space in the potting compound need not be’provided, if ap investigation
shows the pratector operation of a capacitor is not adversely affected.

15.7 An oil-filled power capacitor shall be rated not less than the¢maximum available fault|current (AFC)
to which it may be subjected, as follows:

a) If gonnected across the ballast source of supply,~1000 amperes AFC; or
b) The maximum current available to the capacitor under capacitor short-circuit cdnditions or
under|ballast operation, whichever is greatey, 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 liey of determining theymaximum 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 capacitordreed not have an AFC rating provided it is:

a) Intended-for EMI filtering rather than power factor correction;

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.

15.8 effective October 27, 2002


https://ulnorm.com/api/?name=UL 935 2018.pdf

AUGUST 7, 2014 FLUORESCENT-LAMP BALLASTS - UL 935 33

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 investigation to determine the need for a fault current rating.

15.10 Across the line capacitors less than 1 pF shall comply with the applicable requirements in the Fixed
Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-14.

Exception: The capacitor is not required to comply when it is:

a) Encased in potting compound;

P T naaial L
b) Er‘l/u\.)\/\.l mrarreldr Crivivourc, Ul

c) On the load side of a fuse or foil trace rated 5 A or less.
15.10 revised August 7, 2014

16 Protectiveé Devices Provided in Class P Protected Ballasts

16.1 Other thain as noted in 16.2, a Class P protected ballast shall be provided with a protegtor that opens
the power-supply circuit to the ballast before the ballast temperature’ exceeds the limils specified in
Section 27, Fault-Condition Test — Conventional Magnetic Ballasts - Class P Protection and Section 28,
Increased-Ampient Temperature Test — Class P Protection.

16.2 A Class P protected electronic ballast is not required.to\be provided with a discrete thgrmal protector
nor be subjected to the Increased-Ambient Temperature-Test — Class P Protected Ballasts, Section 28
when the ballast complies with the, Section 29, Fault-=Condition Test — Electronic Ballagts — Class P
Protection without the protector functioning (when @rovided).

16.3 The profector shall have a voltage ratingtand a current rating not less than the input-vpltage and the
input-current rfatings of the ballast, respectively. The protector shall be either:

a) Automatically resetting (thermostatic) type acceptable for the control of a fluoregcent ballast
cified in the Standard for Temperature-Indicating and Regulating Equipment, UL 873.

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

b) Ndnrenewable, 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.
16.3 revised December 6, 2013

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

a) Protected against mechanical damage; and

b) Diff

icult 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 cons

16.6 A simple

idered to be an inaccessible location.

reactance ballast that:

a) Has an integral starter; or

b) Is

shall be provi
ballast tempe
Section 27 an
shall be mark

through-cord and direct plug-in ballasts.

16.7 A Class

fixture shall have:

a) A

b) A

c) A protector immersed in oil; or

d) Ng
See 45.7.6.

16.8 A foil tra

c) Su

Hed with a thermal protector that opens the power supply circuit to the ball

J Increased-Ambient Temperature Test— Class P Protected Ballasts, Section 4

nermetically sealed protector;

ntended for other than with a straight tubular lamp

ature exceeds the limits specified in Fault-Condition Test — Class’P Protg

ed in accordance with the requirements specified in 45.6x This is also

P ballast marked "Type HL” for use in a Class |, Division 2 hazardous (clas

hermal protector fully submerged in potting compound;

protector.

ce on a printed wiring board designed so it opens in the event of a short cirg
tted or confermally coated;

B location’ determined inaccessible to deter defeat;

bjected to the Limited Short Circuit Test, Section 34, for foil traces;

d) Su

bjected to the Foil Trace Calibration Test, Section 35; and

ast before the

cted Ballasts,

P8. The ballast

applicable to

sified) location

uit shall be:

e) Subjected to periodic, randomly specified, retesting as described in Appendix B.
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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

¢) Located so that it cannot be replaced or readily serviced.

17.2 The therImaIIy actuated element shall be located in the same manner as described+in

17.3 The ad
temperatures
compound un

18 Printed W
18.1 A printedl

a) Th

unpie

Exceq
coatin

b) Th
tempe

Term

c) Th
accor

Applia

Jition of a fuse or other thermally actuated element to a ballasti/shall
fer any condition of normal or abnormal operation, including capacitor short
iring Boards

wiring board shall be intended for the application.{The criteria shall include

ced area as required by the Standard for Printed Wiring Boards, UL 796;

tion: Printed wiring boards that are completely encased in potting compoun
g are not required to additionally comply with UL 796.

Property Evaluations, UL-746B; and

b flammability of the'printed wiring board substrate shall be no less than V-1
Hance with the Standard for tests for Flammability of Plastic Materials for Pa
nces, UL 94.

higher than those that would otherwise exist and shall not cause-ignition o

e bonding of the foil to the substrate for the minitnum conductor width and nj

e temperatures measured in theé.Temperature Test, Section 25, shall be less
rature rating of the substratélas required by the Standard for Polymeric Matgrials — Long

16.5.

not result in
f insulation or
circuit.

aximum

o or conformal

than the

in
ts and
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19 Spacing of Electrical Parts

19.1 General

19.1.1 Spacings for clearances (through air) and creepage distances (over surface of insulating material),
including the point of field wiring, shall be at least as described in 19.1.2 and 19.1.3 and Table 19.1 for:

a) Un

insulated 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 a metal surface on which the ballast is mounted as intended.

when it is rec¢

)ind

19.1.3 When
opposite pola
spacing by a
measurement

19.1.4 For an
at least as sp
a conformal ¢
specified in th

Exception No
determined in

Exception No,
32.10.

19.1.5 Wher¢
the requireme
746C.

19.1.6 For cd
described in

printed wiring
when movem

ssed to clear the surface
ameter.

(4.8 mm) in a hole not more

amount equal to the dimension of the isolated dead metahpart in the d

pating, the minimum spacing between the adjacent foil traces prior to coati
e first row of Table 19.1.

1: When the power available between*two insulated parts is less than §
accordance with 29.6, the spacing.is’not required to comply with this requirg

2: The minimum spacing is detérmined by the dielectric voltage withstand te

hts in the Standard_for Polymeric Materials — Use in Electrical Equipment E

mponents_mounted along the edge of a printed wiring board, clearances

9.1.1 are(to take into consideration the possible movement of the comp
boarditself. When applying the limits in Table 19.1, the printed wiring board
entais ypossible, in the direction that yields the smallest clearance betwee

question.

sesed to contact

han 9/32 inch

Imeasuring a spacing, an isolated dead metal part located between-uninsulated live parts of
ity, or between an uninsulated live part and a dead metal part, isidetermined

!

to reduce the
rection of the

uncoated printed-wiring board, the minimum spacingybetween adjacent foil fraces shall be
bcified in Table 19.1. For printed wiring boards that are covered with potting

compound or
ng shall be as

0 watts when
ment.

5t described in

a conformal coating is used as described in 19.1.4, the conformal coating shall comply with

valuations, UL

between parts
pnent and the
is positioned,
n the parts in
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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 840. Parts that are rigidly
held in place and reliably spaced in production include conductors on a printed wiring board. The spacing
requirements in UL 840 shall not be used for field wiring terminals or spacings to a dead metal enclosure.
Creepage distances shall not be less than clearances.

19.2.2 When using the requirements specified in the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, to determine clearances, the

ballast is iden

19.2.3 When
Clearances 4|
pollution, it is

fiaal £ ] H it kL H 13 % £ 11
Mmocu Ao UHUIG[IIIH VIT oUpPMITy LiTUuUlto IIGVIIIH Al Uveld vuuayc ualcyuly VT 1T,

using the requirements specified in the Standard for Insulation CoQrding
nd Creepage Distances for Electrical Equipment, UL 840, to determine
possible that the ballast be evaluated with different environmentabpellution d

construction dffects to what extent environmental pollution enters the enclosure? The follow

apply:

a) A
polluti

b) A
degre

c) Th
coatin
Electr

d) Ad

19.2.4 Printeq
1, CEM 3, GP|
— Industrial L4
Boards, UL 7
without furthe

pn degree 3.

pallast marked for indoor or outdoor type 1 use.is-exposed to environmental
b 2.

b portion of a printed wiring board covered with a potting compound or a cor
g that complies with the requirements;in the Standard for Polymeric Material
cal Equipment Evaluation, UL 746C; is exposed to environmental pollution d

ditional applications are detérmined as a result of a special investigation.

wiring boards constructed of Types XXXP, XXXPC, G 10, FR 2, FR 3, FR
O 2, or GPO 3 industrial laminates in accordance with the Standard for Polyn
minates, Filament' Wound Tubing, Vulcanized Fibre, and Materials Used in
M6E, are identified to have a minimum comparative tracking index (CTI) o
investigatien,

tion Including
environmental
egrees so the
ing conditions

ballast marked for weatherproof or outdoor type 2 useris ‘exposed to environmental

pollution

formal
5 — Use in
egree 1.

4, FR 5, CEM
neric Materials
Printed Wiring

100 [PLC=4]
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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 / dim

ensions in millimeters

50 150

300

450

600

750

900

1050

1200

Parts potted or

subsequently coated

-/0.182 | -/0.32

-/0.7

-/0.8

-/0.8

-/3.2

-/4.2

For Indoor & O

utdoor, Type 1: Live

parts relaibly positioned AND insulator
CTI > 600 (PLC=0); example: lead
wires of a transistor or diode to its

mounting®

0.2/0.6 | 0.5/0.8

1.5/1.5

-/2.25

3.0/3.0

-/3.75

-14.5

-/5.8

-/6.0

For Indoor & O

utdoor, Type 1: Live

0.2/1.2 | 0.5/1.6

1.5/3.0

-14.5

3.0/6.1

-17.5

-/9.0

-1

0.5

parts relaibly p
CTI < 600 (PL(
adjacent foils o
lead wires of a
mounting?

bsitioned AND insulator
=3 or 4); examples:

h printed wiring board or
transistor or diode to its

-12.0

For Outdoor, T
Live parts relai
insulator CTI >
lead wires of a
mounting®

pe 2 & Weatherproof:
bly positioned AND

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

0.2/1.5] 0.5/2.0

1.5/3.7

-/5.6

3.0/7.5

-/9.5

“/11.4

-/

3.3

-/15.2

For Outdoor, T
Live parts relia
insulator CTI <
examples: adaj
wiring board or
transistor or dig

pe 2 & Weatherproof:
bly positioned AND
600 (PLC=3 or 4);
pcent foils on printed
lead wires of a

de to its mounting’

0.2/1.9 ] 0.5/2.7

1.5/4.7

-/7.1

80/9.5

-/11.9

-/14.3

-/1

6.7

-/19.0

Parts on printe
soldered in pla
production prio|
parts or parts g

i wiring boards that are
Le but can move in

to soldering to fixed

n printed wiring board to

enclosure wherle enclosure and can

deflect.9

3.0/-

3.9/-

4.7/-

5.6/-

6.5/

7.4/-

Live parts and fead metal parts in a

conventional

gnetic ballast

construction where the coil size can
vary due to random wind OR wherecoil

assembly plac
production.

ment can vary in

3.2/64°| 3.2/6.4

6.4/9.5

6.4/9.5

9.5/9.5

9.5/9.5

9.5/9.5

9.5/

12.7°

9.5/
12.7°

Field wiring ter
fixed live or de

Minals to eaeh ‘ether and
hd metal patts

Not
defined

6.4/6.4

6.4/6.4

6.4/6.4

6.4/6.4

Not
defined

Not
defined

N

ot

defined

Not
defined

2 Or as determ

the minimum rgquired creepage distance is 9.5 mm.

ned fromythe investigation of the Conformal Coating, whichever is greater.
b When the insfilating,material involved is not readily carvonized — for example, porcelain or urea-formaldehydg

porcelain —

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

D = 0.002V + 0.5

and the following formula for voltages greater than 160 V:

in which D is distance and V is volts.

D = 0.005V + 0.007

Table 19.1 Continued on Next Page
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Table 19.1 Continued

distance]

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

d 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:

D =0.01V+0

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:

and the followi

in which D is d
f Other dimens

and the followi

9 Other dimen

in which D is d

D = 0.005V + 1.26

g formula for voltages greater than 160 V:

D =0.126V + 0

stance and V is volts.
ons of creepage distance calculated by the following formula for voltage less'than or equal to 1

D = 0.0057V + 1.61

g formula for voltages greater than 160 V:

D =0.016V + 0

in which D is c:lstance and V is volts.

ons of clearance calculated by the following formula for voltages between 150 and 1050 volts:

D = 0.0059V + 2.09

b0 V:

20 Polymeric

20.1 A polym
electrical party
shall comply
regarding use

stance and V is volts.
Materials
bric material, thermoplastic or thermosetting, used to provide all or part of thg

as specified in 811 or used to provide structural support of live parts as sp
with the requirements of this section. Table 20.1 summarizes the specific
of a materiallas an enclosure.

enclosure for
ecified in 12.2
requirements
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Table 20.1

Summarized enclosure requirements

Ballasts with fixed
mounting and potted
or no live parts within

Ballasts with fixed
mounting and having
live parts within 0.8

Cord connected or
direct plug-in type
ballasts and potted or

Cord connected or
direct plug-in type
ballasts and having

(HAI)

resistant)

0.8 mm of the mm of the enclosure no live parts within live parts within 0.8
enclosure 0.8 mm of the mm of the enclosure
enclosure
Relative Temperature see 20.3 see 20.3 see 20.3 see 20.3
Index (RTI)
Impact — 5 ft-Ib at room |yes yes no no
temperature
Impact — 3 ft drdp at no no yes yes
room temperatufe
Impact — 5 ft-Ib yes, when outdoor rated | yes, when outdoor rated | no no.
conditioning witl minus
17.8°C (0°F) for|outdoor
type 1 and minug 35°C
(minus 31°F) fon
outdoor type 2 gnd
weatherproof
Molded stress rglief yes yes yes yes
distortion
UV stability yes yes no no
Flame resistance 5VA 5VA V1 or better V1 or bgtter
Comparative Trgcking Not applicable PLC = 4 or less (more- | Not applicable PLC = 4 or less (more
Index (CTI) resistant) resistanf)
Hot Wire Ignitior} (HWI) | Not applicable PLC = 3 or less'(more | Not applicable PLC = 3 or less (more
resistant) resistany)
High Ampere Igition Not applicable PLC =.2,0r less (more | Not applicable PLC = 2 or less (more

resistant)

Equipment Eval
UL 746C.

Note — This tablg is a summary of requirements contained in the Standard for Polymeric Materials — Use in Elegtrical
ations, UL 746C, and thereforenshall not be identified as complete. Additional considerations are specified in

20.2 In applyjng the requirements ‘of UL 746C, a ballast is to be considered permanently connected

equipment, a
equipment.

20.3 Regardi

pballast with a cord-or a direct-plug in ballast is to be evaluated as a portable

g the_Relative Thermal Endurance (RTI) in accordance with the Standard

non-attended

for Polymeric

Materials — Use inElectrical Equipment Evaluations, UL 746C, the polymeric material rating depends on
the type of bajlastsand 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

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

part.

b) For a cord connected or direct plug-in ballast;
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1) Have a mechanical temperature index, determined with respect to impact and long-

term aging, of at least the measured temperature; and

2) Have an electrical temperature index, determined with respect to long-term aging, of
at least the measured temperature when the part is involved in the direct or indirect

support of a live part.

Exception: A material without an RTI rating complies with this requirement when it has been accepted
for the temperature as a generic material class in accordance with the table for relative thermal indices
based upon past field-test performance and chemical structure in the Standard for Polymeric Materials —
Long Term Property Evaluations, UL 746B.

20.4 The inve
Equipment E\
rated ballasts
Qutdoor Type
test. The test
this applicatio
The plywood
temperature ¢

Exception: T
or direct plugH

20.5 The mol
Electrical Equ

test cell meth¢d.

20.6 The sev
in Electrical E

20.7 A push-i
rating of at led

20.8 When a
enclosure sha
conducted, in
Evaluations, |

20.9 A mater

aluations, UL 746C, shall include the ball impact test Weatherproof and-O
shall be subjected to the minus 35°C (minus 31°F) conditioning priof o th
1 rated ballasts shall be subjected to the minus 17.8°C (0°F) conditioning prio
method in UL 746 specifies the test sample is to be mounted in the“intende
N, the test sample shall be mounted to a 3/4—inch thick plywood panel, 24 i
is to be placed on a concrete floor. The test sample is_ablé to be rem
pnditioning chamber and then secured to the plywood.

he drop test shall be conducted when the fluorescentlamp ballast (such as ¢
in type) is not provided with a mounting means.

[ stress-relief distortion testing specified in_the”Standard for Polymeric Mate
pment Evaluations, UL 746C, shall be conducted only by the air-oven meth

bre conditions and abnormal operation testing in the Standard for Polymeric M
Huipment Evaluations, UL 746€}.are not to be conducted.

n field wiring terminal at-thepoint of exit from the enclosure shall have a fla
st V-2, even when the terminal closes an opening in the ballast enclosure.

ballast or accessory has a polymeric enclosure and is potted with epoxy,
Il have a flame.resistance level of V-2 or better. The end-use qualifying flam
accordance\with the Standard for Polymeric Materials — Use in Electrig
L 746C,-and shall be applied to the outside of V-2 material.

al used for the direct support of live parts, or within .03 inches (0.8 mm) of

defined in the

e in Electrical
Litdoor Type 2
e impact test.
r to the impact
0 manner. For
hches square.
ved from the

ord connected

rials — Use in
od, not by the

aterials — Use

me resistance

the polymeric
e test shall be
al Equipment

a live part, as

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

20.11 Polyamide thermoplastic coil forms (Type 6, 11, 12, 66, 6/0, or 6/2 nylon), either unfilled or glass
filled, are appropriate for use in insulation systems which operate at or below Class 105 (Class A) hotspot
temperatures. Polymide thermoplastic coil forms shall have a flame resistance calssification of HB or
better. Nylon or similarly classed polyamides are not required to meet direct support criteria described in
the Standard for Polymeric Materials — Coil Forms, UL 1692, and the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C. The volume resistivity is not required to be measured
for these materials.

defined in the

20.12 A ballakt with a polymeric enclosure and intended for use in air handling spaces as
Flame Spread

National Electrical Code, ANSI/NFPA 70-1996, shall employ a polymeric material having'a

i
rating not exc

Test for Burni
Visible Smoke
2043. See als

PERFORMAN
21 General
21.1 To detdg

input/output n
abnormal tem

subjected to the tests described in Sections 22 — 26>and 32 and to other performance tests,

Exception No.
applicable.

Exception No,
described in 2
28.

21.2 A Class|
conducting tes
Temperature

peding 25 and a Smoke Developed rating not exceeding 50 when tested to th
ng Characteristics of Building Materials, UL 723, or the Standard for-Fire Teq

Release for Discrete Products and their Accessories Installed in)Air-Handlir,
0 45.5.9.

CE

rmine whether a ballast complies with the.applicable performance req

easurements, leakage current, risk of eleciric shock measurements, norma
perature, and dielectric voltage withstand, representative samples of the b

1: Separate samples are to bexsubjected to the Limited Short-Circuit Test, Se

2: When agreeable to.those concerned, separate samples are able to be use
7.6 and for the Increaséd-Ambient Temperature Test — Class P Protected B3

P protected\ballast shall be subjected to the conditioning described in
ts in Fault‘Condition Test — Class P Protected Ballasts, Section 27, and Incrg
[est —Class P Protected Ballasts, Section 28.

e Standard for
t for Heat and
g Spaces, UL

uirements for
| temperature,
bllast shall be
as applicable.

ction 34, when

bd for the tests
llasts, Section

21.3, prior to
ased-Ambient

21.3 All samy

les of Class P protected ballasts to be used in the Fault Condition Test — Clas

5s 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
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.
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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

established 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 connected to a supply
circuit of rated frequency. The voltage of the supply circuit is to be:

a) 120 volts for a product rated less than 120 volts;

b) 240 volts for a product rated from 220 volts up to and including 240 volts;

c) 12
from ¢

d) Th
and (k

Exception: H
ballast when:

a) Th
requin

b) Th
c) Th
21.7 For ballg
by wiring the

be conducted

a) Th

D volts or 277 volts, as described in 21.7, for an electronic ballast capable*0f
L nominal 120 volts to a nominal 277 volts (also known as universal input); o
)- See Table 22.1.

egarding (b), the voltage of the supply circuit is to be the maximum rated
e ballast is rated in the range of 220 — 240 volts and’intended to comply wit
bments in 13.2.7 and 45.2.2;

e ballast is rated in the range 220 — 240-velts and 50 hertz; or

e ballast is rated for 220 volts, 60 hertz, and marked ”for export only.”

sts having the ability to accept@’range of input voltages that are either selg
ballast during installation or by automatic, self-adjusting circuitry, the followir

as ammended:

e Input/Output Test of Section 22 is to be used to confirm the appropriatene

rating
turn,

b) The Leakadge-Current Test of Section 23 is to be used to determine the amoun
leakagie current from the enclosure. Internal ballast circuitry which includes capaci
to ground. greatly influences the amount of leakage current. The leakage current is
measyired at the highest range of the input voltage with a single side grounded su

5. The current and ‘wattage is to be measured at the low range of the input v
e high range,\with the supply conductor grounded as intended.

operating
r

e maximum rated voltage of the ballast, for a ballast rated other than as mentioned in (a)

voltage of the

0 the

cted manually
g tests are to

5s of marked
pltage, and in

of electrical
ors from line
to be

bply, and in

turn, t

he 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.

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.
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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:

a) The Input/Output Test of Section 22 is to be used to confirm the appropriateness of marked
ratings. The ballast input current (or wattage) is be to measured for the high range of lamp
wattages. Additional lamp currents (or wattages) are to be measured when the ballast label

provides ballast input current (or wattage) for corresponding lamps.

leakag
CoNSi(
result

c) Rig
by the
for the
be gr

one epd of the lamp.

d) The Temperature Tests of Section 25 are used to.determine the maximum tem

insula
the la

e) Th
tempe
deact
currer

21.9 A ballas

a more sever¢ condition.

21.10 In gene
or voltmeter-n
having higher
circuit under t

je current from the enclosure. Interaction of lamp type and enclosure leakag
ered minimal. Measure leakage current when the ballast is powering the la
bd in the greatest ballast input current or wattage.

k of Electric Shock Measurements Tests of Section 24 are to be_conducted
lamp the ballast uses. The lamp with the easiest (lowest) starting voltage is
through lamp measurement. For the foil around the lamp. test, the current t
atest for the lamp that resulted in a ballast condition of the greatest voltage

ing materials and ballasts mounting surfaces~Temperatures are to be meas
mp that resulted in the greatest input current’or wattage in the Input Test.

e Abnormal-Temperature Test of Sectjon 26 is used to determine the maxim
rature of insulating materials and ballast mounting surfaces during an abnor
vated lamp or shorted starter. Measure temperatures using the lamp that res
t or wattage as a result of the-preheat or deactivated lamp condition.

rated 50 — 60 hertz need only be tested at 60 hertz unless testing at 50 he

ral, the voltage.in other than the primary supply circuit is to be measured usi
nultiplier combination having a resistance of not less than 10,000 ohms pqg
input impedances are to be employed whenever it is warranted by the imp)
bSt.

ectrical
can be
p that

when affected
to be used
b ground will
to ground at

perature of
ured using

um
mal of either
ulted in input

rtz represents

ng a voltmeter
r volt. Meters
edance of the

21.11 When

jetermining values of voltage, a true rms indicating meter having a frequeng

y 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.
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21.12 If it is necessary to determine peak-voltage values, an oscilloscope with a high-impedance (10
megohms minimum) input probe is to be used.

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 Input/Output-Meastrements

22.1 The curtent input, the measured output voltage, and the measured voltage to (@round shall not be
more than 11D percent of their respective marked ratings when the ballast is controlling|lamps of any
number and gize for which it is marked, and when the ballast is energized rat-the inpyt voltage and
frequency in gccordance with 21.6. For the measurements, the ballast and lamps are to bg operated first
until thermal gquilibrium is reached.

22.2 Any commercial lamp for which the ballast is marked may/be-employed when gonducting the
current-input measurement mentioned in 22.1. If the input to the ballast exceeds the marked rating by
more than 110 percent when such a lamp is used, the ballast‘may be retested with a selected lamp of
which the mgasured lamp wattage, at rated lamp-operating:voltage, equals rated lamp wattage 2
percent. If the| results of the input test with the selected lamp~are acceptable, the results of the first input
test are to be[disregarded.

22.3 When the current input for a ballast connected*as a preheat circuit is measured, thel lamp is to be
started with a|manual-starter switch or equivalentistarter that does not continually draw cufrent.

22.4 The output voltage mentioned in 22.1\refers to the maximum voltage measured betwgen any pair of
terminals or lpad wires of a ballast under any condition of ballast operation — including normal lamp
operation, opgration without a lamp, ‘and operation with a deactivated lamp or lamps —| but does not
include measyrements between primary terminals, or lead wires, and secondary terminals,|or lead wires,
of:

a) A {fwo-winding:transformer (isolating-type) ballast; or

b) An electronic ballast with an isolating output transformer.

22.5 The voltageto ground mentioned in 22.1 refers to the voltage between any terminal or lead wire of
a ballast and a point at ground potential in a conventional branch circuit to which the ballast ordinarily
would be connected, under the conditions of operation described in 22.4, but does not include
measurements 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.
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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.

Table 22.1
Primary power supply for output-voltage test

Primary voltage rating of ballast, volts One primary lead intended to be Power-supply system to which
grounded? primary leads are to be connected

00 — 150 Yes b ore

200 - 215 No c

220 - 250 Yes b

220 - 250 No d

265 — 280 Yes bore
40 — 350 Yes e

440 — 500 No c
00 — 600 No dorc

2 When the balld
as described in

® Two-wire, sing
¢ Four-wire, 3-ph
d Three-wire, sin]
¢ Four-wire, 3-p

st has a lead or terminal that is intended to be connected to the-gtéunded power-supply condu
3.6.2 or 13.2.8 or terminal is to be connected to such condugctor:

e-phase, with one wire grounded.

ase, Y-connected, with grounded neutral. Ballast leads ednnhected to two ungrounded conducto
gle-phase, with neutral grounded. Ballast leads conneeted to ungrounded conductors.

ase, Y-connected, with grounded neutral. Ballast leads connected to phase conductor and neu

ttor, identified

ral.

22.8 For an i
any output ter
circuit open ¢
frequency in
open. If a hi

h
10,000-ohm r{sistor. See 45.5.3.

22.9 A reacto
in 24.2.6, and

Solating transformer-type ballast intended for use in a portable lamp, the vo
minal or lead and any input terminal or lead shall not be more than 150 volts,
r under normal operating conditions and the ballast energized at an inpu
ccordance with 21.6. A ngnelectronic ballast need only be tested with the
-impedance voltmeter(is)'used for the measurement, the input is to be g

r ballast with a-primary voltage rating of less than 150 volts complies with th
need not bettested.

tage between
ith the output
t voltage and
output circuit
hunted with a

e requirement
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23 Leakage-Current Test

23.1 A ballast shall be tested in accordance with 23.2 — 23.10; the leakage current shall not be more than
that specified in Table 23.1.

Exception: The leakage current for a simple reactance ballast is not required to be measured.

Table 23.1
Leakage current

Type of ballast Maximum measured voltage? Maximum leakage current, Meter

Indication Units (MIU)?

0.5 MHU
0.75'M1IY

AC
AC

150 volts or less
greater than 150 volts

a8 See 22.4 for d
b See 2.14.
¢ See 45.5.4.

bscription of input/output voltage measurement.

23.2 Leakagq current refers to all currents, including capacitively coupled currents, that
between expdsed conductive surfaces of a ballast and ground during @ny condition of bal
including nornpal lamp operation, open circuit operation, and operation with a deactivated |
It does not m

are conveyed
ast operation,
amp or lamps.
pasure the current for all modes of ballast operationswhen it is determined that one mode,

for example n

23.3 During t

could be in ra

enclosure unl

contact.
23.4 The leaKage current from the enclosure is to be measured to the grounding supply cd
measurement|circuit test transformer, see-Figure 23.1. A ballast having a nonmetallic enc

tested using a
as an electrodq

23.5 Typical measurement circuits for leakage current with the ground connection open a
Figure 23.1. ]

measurement
defined instru

Over the freqye
to be as folloyv

Db lamps, results in the most severe current.

ne leakage-current measurement, the core @nd the metallic case of a power
ndom contact with the ballast enclosurécare to be conductively connected
bss the construction, such as an interposing sheet insulation, specifically p

metal foil with an area ©f 10 by 20 centimeters in contact with the surface of]
e for the test probe.

capacitor that
to the ballast
recludes such

nductor of the
osure is to be
the enclosure

ment; it(is hot required to have all the attributes of the defined instrument.

S:

illustrated in

'he meter input network is defined in Figure 23.2. The meter that is actuglly used for a
is to indicate the same numerical value for a particular measurement as is indicated by the

ee also 21.6.

ncy~range 20 Hz to 1 MHz with sinusoidal currents, the performance of thg instrument is

a) The measured ratio V4/l; with sinusoidal voltages is to be as close to the ratio V/I;
calculated with the resistance and capacitance values of the meter input network shown in
Figure 23.2 as the instrument is able to measure.

b) The measured ratio Vs/l; with sinusoidal voltages is to be as close to the ratio Vs/l4
calculated with the resistance and capacitance values of the meter input circuit shown in Figure
23.2 as the instrument is able to measure. V3 is to be measured by the meter M in the defined
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instrument. The reading of meter M in RMS volts is converted to MIU by dividing the reading by
500 ohms and then multiplying the quotient by 1000. The mathematic equivalent is found by
multiplying the RMS voltage reading (in volts) by 2.

g AUTOTRANSFORMER
I . ¢

Figure 23.1
Circuit for leakage-current test

S1

SUPPLY
SWITCH

l\l\

il
|

—

I g BALLAST

i

S3988

23.6 The tes
connected to

23.7 A sampl
+9°F). The su
21.6. The use
However, whe
retested using
rated lamp wa

ISOLATION TRANSFORMER

BALLAST CONNECTION

—
LINS

L 1 L
TNETWORKI TIMETER

EARTH_GROUND =

b reliable ground. Switch S2 is to have an intermediate off position.

b of the ballast is'to be tested for leakage current in an ambient temperature
pply voltageaV.in Figure 23.1 is to be adjusted to the voltage and frequen
of any commiercial lamp to measure leakage-current meets the intent of thi
n the leakage current exceeds the value specified in Table 23.1, the ballas

that tha roacpiltc Af tha vatact tioina s o anifind lamne Ay it thic pacg

onlysfamps of which the measured lamp wattage at the rated voltage of the
ttage+2 percent. The results of the first leakage-current test are to be disreg

I circuit is to employ anjyisolating transformer. The grounded test conddctor is to be

pf 25 +£5°C (77
by specified in
5 requirement.
[ is able to be
lamps equals
arded when it

is determined

THOC T TOOUTto U thiTTOTC ot OOty tiC- opComTUTar o COTToTy vt o Togu

rement. 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 23.1

is to be as follows:

a) With switch S1 in the off position and switch S2 in the intermediate off position, the line
switch is to be closed 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 and the
leakage current is to be measured. Switch S2 is then to be transferred to position B and the
leakage current is to be measured.
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c) Switch S2 is to be returned to the intermediate off position and switch S1 is to be closed,
switch S2 is to be transferred to position A and the leakage current is to be measured within 5
seconds. Switch S2 is then to be transferred to position B and the leakage current is to be
measured within 5 seconds after the transfer.

d) With switch S2 in the intermediate off position, the ballast is to be operated until constant
temperatures 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 transferred to position B and the leakage current is
to be measured.

e) Switch S2 is to be returned to the 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 measured. Switch

S2 is thertobe-transferredtopositio ed.
Figure 23.2
Meter input network
TO |BALLAST ENCLOSURE
| JU MEASUREMENT CIRCUIT
: FOR REACTION
I
| 1500Q —— 0.22 uF
I
1 TO RMS
D) 1Ok VOLTMETER
| —V VA l >
I | I
| W - )
| 5000 \|2/ 0.022 uF —— \\/|3/
I
| ! |
4 1 I I '
$3989 _T__

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

239 A

sample is normally subjected to the entire leakage-current test, as specified in 23.7, without

interruption for other tests. When required, the leakage-current test is able to be interrupted to conduct
other nondestructive tests.
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23.10 Using a commercially available meter having the network shown in Figure 23.2 or built to conform
to the Standard for Leakage Current for Appliances, ANSI C101-1992, meets the intent of these

requirements.

24 Risk of Electric Shock Measurements

24.1 General

24.1.1 In order to reduce the risk of electric shock, during relamping, a ballast shall comply with the

applicable req

uirements 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
24.2 Ballast

24.2.1 A ballg
voltage or cur|

Exception: T
operated as a

Ll + ™ 1 ol taaal £ il £t H HII + ol o |
MAlAdol IIICJ.y MO TULALITU UULOIUT UT UTC TTATUTT VVIIUVVCJ._Y do Hnuotratcu nmri ISUIU
ead and lamp pin measurements

st shall be tested as described in 24.2.3, 24.2.4, or 24.2.6, without-exceedin
rent limits, as applicable.

he test is not required to be conducted when the ballast is & simple reactan|
preheat circuit, or is marked in accordance with 45.4.4.

24.2.2 Forth

tests described in 24.2.3, 24.2.4, and 24.2.6, the/ballast is to be energized

voltage and frequency in accordance with 21.6.

24.2.3 Fora

from the lam
lampholders g
measured. Fo
Figure 24.2 is
current throug
values specifi

o winding (isolated) transformer ballast,the’lamp of a single lamp ballast is
holders. For a multilamp ballast, each tamp, in succession, is to be rem
nd then replaced. The current from @ ach lead (or lampholder terminal) to g
I the current measurement, a noninductive 500 ohm resistor or the meter in
to be connected between groufd and each lead (or lampholder terminal), i
h the resistor is to be measured. The measured values of current shall n
bd in 24.2.7, Table 24.1,-0t Table 24.3.

24.1.

) the specified

ce type and is

with the input

o be removed
oved from its
round is to be
out network in
turn, and the
pt exceed the
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Figure 24.1
Test setup for leakage-current and shock-current measurements
1
Position of lamp for through—lamp Use Fig.
measurements.© 22.2.1 or
500 ohm
resistor
RS —

P Measuring point
-7 v / for metal foil. b

- /4 //
7\~ ~) *‘.I
D )L VA -
‘ \ ::(J"J'-I‘
Fixture -~
Wireway L 1/2" to 5/8"
(12,7 to 15.9 mm)
Ballast = Y
allas
under test / |
)—1 Network d —— Eorth grounf
° z N
'\
1 Network ©
If metallic, ballost cose is to be conductively connected
to fixture ireway and to earth ground for lamp measurements.
S2608E
@ See 24.2.4.
b See 24.3.2.
¢ See 23.5.

d See Figure 24.3.


https://ulnorm.com/api/?name=UL 935 2018.pdf

52 FLUORESCENT-LAMP BALLASTS - UL 935 MAY 21, 2001

Figure 24.2
Alternative circuit — through lamp
To Lamp
<+
1500Q ——0.22 uF
[
10KQ ToMeter
VVVV >
20KQ
5000 —— 0.0091uF
0.0062 uF
>
S3903A —
Figure24.3

Reaction current network

TO METAL FOIL
AROUND LAMP

o
Ri C
200KQ  —— 200pF
\in
o
CURRENT Rs c
10KQ 2 METER
<0.2mA Ra Vout
AT 60Hz T 2000 0.022F INPUT
o o
L
$3249A

Note 1: The current network consists of two portions. R4-C4-R, represent a body impedance compensation for a single hand
grasping a lamp and contacting a grounded surface with a knuckle. R3-C, represent a frequency sensitive compensation (or
weighting) where reaction to current and frequency are related.

Note 2: To determine response of an actual network, a signal generator and a voltmeter can be used. The response at selected
frequencies is shown in Table 24.2.
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Table 24.1
Shock-current measurements
Maximum peak M.l.U.© when using the | Maximum current when using a 500
network in Figure 24.2 ohm resistor as described in 24.2.3 or
24.2.4%° (milliamperes peak)
Frequency (hertz) Pin
60 or less 7.07 7.07
180 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¢4

a Straight-line inferpolation between adjacent values in the table is to be used to determine the maximumycurrer
corresponding tq frequencies not shown.

® To be calculat¢d by determining the peak voltage across a noninductive 500 ohm resistor whén'\ising an oscil

r than 43.45 milliamperes peak at the lamp pin are in compliance after furthersinvestigation as
note d has been| conducted. However, for a rapid determination, a wide-band true rms indieating meter is to be
determine when|a complex waveshape is below 30.7 milliamperes (rms) at the lamp pimyWhen a spectrum ana
1000X attenuatdr probe are used, the analyzer displays the rms voltage of the various component frequencies.

of 10 Khz and apove the maximum values of voltage across the 500-ohm resistdr is15.3 millivolts (-36.3 dBV)

d Impulse peaks|greater than 43.45 milliamperes peak at the lamp pin, including dynamic modes of operation si
are in compliande when after further oscilloscope evaluation, the waveform.has been determined to meet the in
requirement. Copsideration is to include pulse width, height, repetition and‘rms equivalent, minimum off time su
starting sequende and method of body contact for the particular shockcCurrent measurement.

€ M.L.U. stands fpor meter indicating units and is the millivolt peak from the meter divided by 500. It is the peak V|
sinusoidal curremt in mA. It is not a direct indication of the peak leakage current when the frequency is other thg
making the calc

lation for M.I.U., the meter reading in millivolts’is always divided by 500 regardless of frequency.

t values

oscope.
indicated in
bsed to

yzer and a

For frequencies
t the lamp pin.
ch as starting,
ent of the

h as in a

hlue of a 60 Hz
n 60 Hz. In

Table 24.2
Reaction-current network attenuation

Attenuation?

Frefjuency (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

a2V, = 1 volt and dBV = 20 log4q (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 removed from
the lampholder at one end. The meter network shown in Figure 24.1 is to be connected between one of
the accessible lamp pins and ground (see Figure 24.1). The measured values of current shall not exceed
that specified in 24.2.7, Table 24.1, or Table 24.3 with a noninductive resistor of 500 ohms across the
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meter input terminals or that specified in Table 24.1 with the meter and network described in Figure 24.2.
Unless a certain lamp condition is known to be most severe by being the easiest to start, measurements

are to be mad

a) Op

e under the following possible conditions:

eration 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 wi
lamps;

c) Wi

d) Wi

e) Wi

24.2.5 If the
electronic ball

24.2.6 For a
rated 34/35 W

h the ballast controlling:

1) A new lamp or lamps; and

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

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

th a lamp or lamps that are deactivated, for a multilamp ballast.

500 ohm resistor described in 24.2.4 causes a ”“shut-down” mode of of
hst, the value of resistance may‘be increased, but not more than 2000 ohmg

non-electronic ballast intehded for use with one or more 40 watt or 4 foot raf
atts, the lamp of a single-lamp ballast is to be removed from the lamph

multilamp ball
potential to g

measured values shall not exceed 175 volts rms and 300 volts peak at any of the ba
lampholder tefminals). Fer.a two or three lamp ballast where the lamps are connected in

lead circuit, t

of one lamp operating:

24.2.7 For pUyised waveforms, an oscilloscope shall be used to determine the maximum

bst, each lamp is to.be removed, in turn. In addition, all lamps may be remove
ound from each (lead (or lampholder terminal) is to be measured for each

measufed-values shall not exceed 175 volts rms and 325 volts peak during

th such

quickly as

eration of an
, total.

id-start lamps
olders. For a
d. The voltage
condition. The
last leads (or
a series-start
) the condition

RMS value for

the pulse while taken over the interval of the pulse. To be a pulsed waveform, the pulse must have an
”off” time of at least one second. Compliance of the pulse output is to be determined using the time and
current limits described in Table 24.3.
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Table 24.3
Time and current limits

Pulse time duration, seconds (T)

Current limit (rms), mA when using a 500 o
described in 24.2.3 or 24.2.4

hm resistor as

0.000 001 to 0.0
0.004 to 0.021
0.021 to 0.55

greater than 0.55

1=6.3T07
1=300
1=20T07

04

1=20T-07 or Table 24.1 whichever gives the greater limit

24.3 Foil measurement (electronic ballasts)

24.3.1 Foran
at an input vo
is to be wrap
longitudinal ax
reaction curre|
through the 2
voltage at the

Exception No

Exception No,
rated less tha

24.3.2 The m
conditions:

a) Og

electronic ballast, the ballast is to be connected as illustrated in Figure 24.1,
tage and frequency in accordance with 21.6. A piece of metal foil 2 inches
bed around the entire circumference of the lamp, and the foil is tosbe)mo
is of the lamp as illustrated in Figure 24.1. A lead from the foil is tode attach
ht network shown in Figure 24.3. The measured current shall potexceed 0
DO ohm resistor if the frequency is 60 hertz. When using an, rms indicating
network output shall not exceed 40 millivolts (minus 28 dBV)) regardless of
1: For a quad-type compact lamp, the foil need not fitinto the crevice betwe

2: The test need not be conducted if the ballast.s‘marked for use only with g
h 20 watts.

easurements using metal foil as described in 24.3.1 are to be made unde

eration within a fixture, or equivalent, see 24.1.2 and Figure 24.1;
rmal operation;
h the ballast controlling:

1) A standard‘lamp or lamps; and

2) An enérgy-saving lamp or lamps, if the ballast is marked for use with s
and

I asmultilamp ballast, the other lamp or lamps are to be:

bnd energized
(51 mm) wide
ved along the
bd to the lamp
2 milliampere
voltmeter, the
he frequency.

en bulb tubes.

ompact lamps

the following

Lich lamps;

1) Removed from the circuit, in turn; and

2) Deactivated.
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25 Normal-Temperature Test

25.1 A ballast shall be tested within an oven operating at a temperature of 40.0 £5.0°C (104.0 £9.0°F) in
accordance with 25.4 — 25.20. The maximum temperature shall not exceed those specified in Table 25.1
when corrected to 40°C (104°F), if necessary.

Exception: A through-cord or a direct plug-in ballast is to be tested in an ambient temperature of 25.0
+2.0°C (77.0 £3.6°F).

25.2 The temperature on any surface inside a terminal or splice compartment when corrected to 25°C
(77°F) shall not be more than 60°C (140°F) unless the ballast is marked in accordance with 45.7.1.

25.3 Regarding serature is also
known as thelinternal hot spot temperature The change of resrstance measurement method gives the
average temperature of the entire coil from internal hot spots to the cooler, outer(surfage, hence the
average limit is lower than the internal hot spot, or system limit. The thermocouple measurgement method
gives the temperature of the cooler, outer surface, hence the limit is lower than'the average limit. Use of
the thermocoliples measurement method is primarily for convenience. The thermocouplg limit may be
exceeded proyided the average coil temperature by the change of resistance’method is nqt exceeded.

25.4 It may be necessary to test a modified sample, with additionallead wires that are extended, so that
the temperatufe of each coil of a ballast may be measured by the/resistance method. The Jead wires are
to be identifiefl to facilitate making measurements. Thermocouples for determination of temperatures on
capacitors may be mounted during assembly of the ballast,

Table 25.1
Maximum acceptable temperatures
Table 25.1 revised November 7, 2011

Materials and components °C °F
A. COMPONENTS
1. Capacitor (other than oil filled) a a
2. Capacitor (oil filled) 70 158
3. Fuses a a
4. Coil insulation systemms
Class 105 Instilation systems:
Thermocouple method 90 194
Resistance method (fully potted) 105 221
Resistance method (open core and coil) 95 203
Class 130 insulation systems:
Thermocouplie method TTO 230
Resistance method 120 248
5. Potting compound b b
6. Printed-wiring boards
7. Internal wiring a a
8. Soldered joint of a resistance ballast 150 302
B. ELECTRICAL INSULATION
1. Vulcanized fiber employed as electrical insulation for other than 90° 194
coil systems
C. SURFACES
1. A surface upon which the ballast is placed or mounted in service 90 194
2. An exposed surface of a resistance ballast 150 302

Table 25.1 Continued on Next Page
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Table 25.1 Continued

Materials and components

°C

°F

3.

4.
5.

On the case of an enclosed ballast and on the outer surface of
an open-core-and-coil ballast

A surface of a direct plug-in or through-cord ballast
Interior surface of field splice compartment

90

75
See 25.3

See 25.2

194

167

a There are

N

no temperatures specified; the rated temperature of 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) At least 15°C (27°F) less than the softening point of the compound as determined by the Standard Test

othade far Saft

a N

a W

[¢

¢ Vulcanize
that higher

Raint of RDacine Narivad fram Naoyval Oiorac by Dina ond Ball Annaratiio A
t oo Y g . PPatattss

r Softening Point of Bitumen, ASTM D36/D36M; or

r Vicat Softening Temperature of Plastics, ASTM D1525.

emperature.

At least 15°C less than the softening point of the compound as determined by the Standard T|

At least 25 °C less than the softening point of the compound as determined by-the Standard 1

| fiber that has been investigated and found acceptable for use at a highier temperature may be,

T™ E28;

pst Method

est Method

used at

25.5 During t
The floor betw
compartment
floor of the teg
(25.4 mm) al
compartment
test compartn
remainder of
centrally at th
only possibility
shield positior
25.8.

25.6 The hea
strip heaters 1
be connected
mm) deep he
arranged so {
the adjacent i

bf the enclosure is to have internal dimensions’of 24 by 24 inches (610 by

of air circulation will be through this opening. The opening is to be covered b

ter compartment midway between the test-compartment floor and the base,

ne test the ballast is to be supported as described in“25.9 and as illustrated i
een the heaters and the ballast under test is tobe of a thermal insulating ma

t compartment is to be 22 by 22 inches (559 by 559 mm), permitting an air s

around the floor for circulation of the'heated air. A 3-inch (76.2-mm)
s to be provided below the floor of the\test area for the heating elements. O
ent may be removable, but is to be Constructed so that it can be securely fastened to the
the enclosure. One of the sides) is to have a 6-inch (152-mm) square oq
b bottom edge of the test compartment, and the enclosure is to be constructed so that the

source used for the test enclosure described in 25.5 is to consist of four 300+
aving heating surface dimensions of approximately 1-1/2 by 12 inches. The e
in parallelte*a 120-volt supply source. The elements are to be mounted in th

h

at they form a square with the outside edge of each element 2-1/2 inches (4

n Figure 25.1.
erial. The test
510 mm). The
pace of 1 inch
deep heater
ne side of the

ening located

an aluminum

ed so that it extends 1/2’inch (12.7 mm) beyond the perimeter of the opefing. Also see

watt, 230-volt,
ements are to
e 3-inch (76.2
and are to be
3.5 mm) from
ostat.

hside”wall of the compartment. The elements are to be controlled by a therm

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 t3(0.156 m3) and 8

ft3(0.226 m9).
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25.8 Prior to the test, the ballast — not energized — is to be placed in the test enclosure until all parts reach
the temperature of the heated air therein.

25.9 The ballast is to be in its normal operating position, supported 3 inches (76.2 mm) above the floor
of the test enclosure by two 3-inch wooden cleats, and is to be centrally located with respect to the sides
of the enclosure. Electrical connections may be brought out of the enclosure through the 6-inch (152-mm)
square opening specified in 25.5. During the test, the enclosure is to be located so that the shielded
opening is not exposed to drafts or rapid air currents.

25.10 During the test, the ballast is to be energized at an input voltage and frequency in accordance with
21.6.

25.11 The ba :U.Dt ;O tU OU}JP:y thU IIUIIIbUI <Al Id O;LU Uf :CJ.III'JD fUI vvh;uh It ;O mian Ir\Gd. :t |||a_y be necessary
to conduct more than one temperature test in order to determine temperatures using other lamp
combinations for which the ballast is marked.

25.12 The cufrent input shall not be less than 90 percent of rated current input.

25.13 If the qurrent input to a ballast being tested is less than 90 percentof its rated vajue, it may be
possible to rajse the input current to the required test value by blanketing the lamps.

25.14 The avgrage of two or more thermocouple readings is to betaken for the air temperature within the
test enclosufe. Thermocouples as described in 25.15— 25.18 are to be located so that the
temperature-sensing portions are 3 inches (76.2 mm) from the floor of the test enclosurel, and not less
than 3 inches|from the nearest wall.



https://ulnorm.com/api/?name=UL 935 2018.pdf

MAY 21, 2001

FLUORESCENT-LAMP BALLASTS - UL 935

59

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?2). 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 and Temperature-Electromotive Force (emf)
Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

25.15 revised December 6, 2013

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 When thermocouples are used to determine temperatures, it is common to emp|oy. Ilhermocouples
consisting of 30 AWG (0.05 mm?) iron and constantan (Type J) wires. A potentiometér or ¢lectronic-type

instrument a
thermocouple
(Type T) wireq
heating of iror

25.18 The temperature on a coil may be measured by the thermocouple method or dete

change-of-res
with its resista

25.19 The te
constant if:

a) Th

b) Th
anoth

25.20 The temperature of a winding is to be calculated by the following formula:

d such equipment is to be used whenever a referee temperaturé me

b is necessary. Thermocouples consisting of chromel-alumel (Type K-) or copq
may be used if it is determined that high frequency ballast operation results i
and constantan thermocouples.

25.17 revised June 10, 2010
stance method (comparing the resistance of the winding at the temperature tg
nce at a known temperature) using the formulaspecified in 25.20.

5t is to continue until constant temperatdres are obtained. A temperature

e test has been running for at least*3 hours; and

ree successive readings, taken at 15 minute intervals, are within 1 degree C
br and are still not rising:

hsurement by
er-constantan
n eddy current

rmined by the

be measured

is considered

of one
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Ry

TH=R—C(k+ T)-k+@40-T)

o

in which:

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

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 fhe temperature of the oven in degrees C at the end of the\test when Ry is fneasured;
and
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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,
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:

4000 (A7 O0N\ it

a) Of
Class
syster

b) On
noted

c) Of
values
result

Exception: T
than they are

H I £ 4 ball + hball + L 1o 1™ H
A UV Ul aiTodauldalive vdiidol olf'idiln 1T Vo 1TIuTo Hialt 1oyv v \Ll\.} T ’ AAARMZ LU
105 insulation system and 160°C (320°F) when it incorporates a Class 130
h, as measured by the resistance method.

a capacitor shall not be more than 10°C (18°F) over the manufatturer’s rati
in 26.4.

a component of an electronic ballast, other than as noted«in(a), shall not ex
specified in Table 25.1 nor shall the temperature at any-other point be so h
in a risk of fire or adversely affect any material used-in the ballast.

he abnormal-temperature test may be waived ifitis obvious that temperature
for normal operation.

26.2 Regarding 26.1(a), a thermocouple measurement is to be made on the outer surface ¢

and shall not
150°C (302°F

26.3 A therm
in Class P Prq

26.4 The ma
capacitor. Any
it is subjected

26.5 During t
ballast.

26.6 For are

e more than 130°C (266°F) when the, coil incorporates a Class 105 insulatio)
when it incorporates a Class 130-insulation system.

bl protective device provided\with a ballast that complies with Protective De
tected Ballast, Section 16yis to remain functional during the abnormal temp
other capacitor i§ to'be judged on the basis of its performance at the temperd

during the normal- and abnormal-temperature tests.

bistance ballast operated under the conditions described in 26.7 and 26.9, th

corporates a
nsulation

ng, except as

ceed the
igh as to

s will be lower

f a ballast coil
n system, and

ices Provided
brature test.

imum temperature_fer 'a capacitor specified in 26.1 and Table 25.1 appli¢s to a power

tures to which

ne test déscribed in 26.6 — 26.9, no compound or other material shall be enpitted from the

e temperature

on any material used in the ballast shall not exceed the temperature limit for that material.

26.7 For a rapid- or instant-start-circuit ballast, the test is to be conducted with a deactivated lamp for
either a single lamp ballast or a multilamp ballast. For a preheat-circuit ballast, the test is to be conducted

with either:

a) The starter short-circuited; or

b) Al

amp deactivated, so that maximum heating will result.
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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 If a semiconductor component can be shorted but the ballast would appear to operate normally, the
component shall be separately shorted.

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-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 A balla
Exception: A

to operate on
25°C (77°F).

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

27.1 A ballas
the ballast is
employed, thg

a) Th
ballas|

coil ballast shall not exceed 150°C (302°k);

b) Th
time g

c) Th
excee
do no
(212°

d) A
capao

5t is to be tested as specified in 26.10 at an ambient temperature of 40 %5°C

reactor (simple reactance) ballast that is not provided with thermal-protectig
y straight, tubular lamps is to be tested as specified in 26.10 in-an ambient

provided with an automatic reset thermal protector“shall meet the following
subjected to any of the conditions of 27.6. WWhen more than one therm
protectors shall be electrically connected in_sefies.

e temperatures on any point on the case ‘of an enclosed ballast (including ar
I without an automatic reset thermalgrotector) or the outer surface of an opg

e locations in (a) that exceed#10°C (230°F) shall comply with the temperaty
riteria specified in Table-27.1;

b |ocations in (a) that\exceed 110°C (230°F) when the protector opens the ¢
d 85°C (185°F) when the protector cools and recloses the circuit. The locatig
exceed 110°C_(230°F) when the protector opens the circuit shall not excee
F) when thesprotector cools and recloses the circuit;

bower ‘capacitor provided as part of such a ballast shall not exceed 90°C (19
tornmanufacturer’s assigned rating, whichever is higher; and

(104 £9°F).

n and marked
emperature of

) criteria while

bl protector is

electronic
n core and

re versus

rcuit shall not
ns in (a) that
i 100°C

U°F) or the

e) For a simple reactance ballast of a through-cord or a direct plug-in type, the temperature on
any point of the enclosure shall not exceed 90°C (194°F).
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Table 27.1
Case- or open coil surface-temperature versus time relations
Maximum temperature Time?, minutes
More than Not more than
°c CF) °c (F)
145 (293) 150 (302) 5.3
140 (284) 145 (293) 71
135 (275) 140 (284) 10
130 (266) 135 (275) 14
125 (257) 130 (266) 20
120 (248) 125 (257) 31
115 (239) 120 (248) 53
110 (230) 115 (239) 120
2 The time is to pe measured between the instant the case or outer surface of an open core and coil ballast tenmperature
exceeds 110°C [230°F) and the protector opens or the maximum temperature is reached, whicheyer is longer.

27.2 The tem
meet the reqy
27.6.

27.3 If the ten
ballast, excee
the current sh

Exception:
temperature g
not exceed 11

27.4 With ref¢rence to the requirement.in“27.3, if the case of an enclosed ballast or the o

an open core
temperature 9
(230°F) temps
27.5 During t

a) Ign

b) Dri

peratures of a ballast provided with a thermal cutoff type (oné shot) thermal

The protector need not open if the fuse described in 27.7 does not ope

irements in 27.1(a), 27.1(b), and 27.1(d) while being subjected to any of thq

pll be limited for an inherently protected elegtronic ballast.

f the case of an enclosed ballast or.the outer surface of an open core and cd
0°C (230°F).

and coil ballast attains @ temperature of 110°C (230°F) or less and either r
rature is first reacheah:

ne test described in 27.6, there shall be no:

ition of/ascompound;

pping-of a compound from the enclosure; or

protector shall
e conditions of

nperature of the enclosure of an enclosed ballast, ér outer surface of an open core and coil
s 110°C (230°F) for a specific fault condition.iny27.6, the protector shall ope

n the circuit or

bn, and if the
il ballast does

iter surface of
bmains at that

r starts to decrease, the test may be discontinued after 1 hour of operation after the 110°C

c) Emission 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 applies, the ballast is to be energized at an input voltage and frequency in accordance with
21.6, and is to be operated at thermal equilibrium under normal conditions as described in 22.1—22.3 and
the Normal Temperature Test, Section 25. 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 primary winding, two outer layers of a layer wound ballast or 20 percent of the turns of
a random wound ballast are short circuited.
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b) For a 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) Any power capacitor short circuited, when such condition does not short circuit
primary winding.

d) The abnormal conditions described in 26.8, except that this test is not required
temperature does not exceed 110°C (230°F) during the test.

the ballast

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—testo thetH276;
fuse (time-delpy type), of which the characte
seconds wher carrying 40 amperes.

ristics are such that the fuse will not opendi

27.8 Opening of the 20 ampere supply circuit fuse is determined to be the eqaivalent of
protector undér the test condition described in 27.6(a) and the fuse shall not-open under
condition.

27.9 If a ballast is marked for use with several different lamps, the lamps causing the hi
during the inp

test, the lamplis to be replaced and the test continued for the_specified duration.

Figure 27.1
Connection;of wattmeter

| EXTERNAL
0AD
RESISTOR

\COIL REVERSING SWITCH SET TO
MAXIMIZE WATTMETER READING

it test are to be used for the tests in this section. If @lamp becomes inoperat

fth a 20-ampere

less than 12

bpening of the
any other test

pghest wattage
jve during any

SUPPLY

TO CIRCUIT
UNDER
EVALUATION
(e}

SUPPLY
SIDE

SB1747

POINTS OF MEASUREMENT

CIRCUIT
UNDER
EVALUATION

LOAD
SIDE
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27.10 Temperatures of the case of an enclosed ballast or the outer surface of an open core and coll
ballast are to be 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 protector will be necessary.

27.11 If necessary to cause the protector to reclose the circuit, the temperature of the test enclosure may
be reduced below the 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 b

Exception: If

discontinued When temperatures start to decrease following the opening of the protector.

28 Increased

28.1 When tg

or the circuit ¢f an inherently limited Class P electronic ballast shall open to limit the currg

temperature d
transformer, e
Exception: T

28.2 The ball

be operated {intil thermal equilibrium is reached @nder normal conditions as described

Temperature |
be closed and
enclosure is

difference bet
the outer surfg
(140°F), and i

ol £+ o 3 £
CTICasSurcU—arct t1CPTrotCttoT OpPTITST

the protector — reclosing temperature in 27.1(c) is not being determired, th

-Ambient Temperature Test for Ballasts — Class P Protection
sted under the method described in 28.2, the protector of a Class P ballast

f the enclosure of an enclosed ballast, or the outer surface of an open
xceeds 110°C (230°F) or within 2 hours after the‘ballast exceeds 110°C (23

his test is not required to be conducted when“16.2 applies.

bst is to be energized at an input voltage ‘and frequency in accordance with
[est, Section 25, except that the 6-inch (152-mm) square opening in the test ¢
the test-enclosure ambient is to'\be 60.0 £1.0°C (140.0 +1.8°F). The tempera

hen to be raised as rapidlyt-as is convenient by a value 2.0°C (3.6°F) 1
veen 110°C (230°F) and-the ’maximum temperature that the case of an enclq

e test may be

shall operate,
tnt, before the
core and coil
D°F).

P1.6, and is to
n the Normal
enclosure may
ure in the test
hore then the
sed ballast or

ce of an open core and ‘eoil ballast reached when the test-enclosure temperature was 60°C

5 to be maintained.at\this temperature.

28.3 If the pr

surface of an jopen core_and coil ballast has not reached 110°C (230°F) within 4 hours or
circuit has nof operated{so that the temperatures have not stabilized under the condition
28.2, the test-enclosure ambient is to be increased again by a value 2.0°C (3.6°F)
difference befween»110°C (230°F) and the maximum ballast temperature 4 hours follg
increase in tegtenclosure temperature.

tector has not'opened and the temperature of the case of an enclosed balla

st or the outer
if the inherent
5 described in
hore than the
wing the first

28.4 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 test in this section. If a lamp becomes inoperative during the
test, the lamp is to be replaced and the test continued for the specified duration.
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29 Fault-Condition Test — Electronic Ballasts — Class P Protection

29.1 An electronic ballast shall meet the following criteria while the ballast is subjected to the tests
described in 29.2 — 29.7:

a) The temperatures on any point on the case of an enclosed ballast (including an electronic
ballast without an automatic reset thermal protector) or the outer surface of an open core and
coil ballast shall not exceed 150°C (302°F).

b) The locations in (a) that exceed 110°C (230°F) shall comply with the temperature versus
time criteria specified in Table 27.1.

29.2 Anincre
no:

a) Ign
b) Dri

90°C (194°F).

ot exceed

hse in a risk of fire exists when any one of the following conditions develops.

ition of a compound;

pping of a compound from the enclosure; or

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

29.3 The sam
fault condition

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

29.4 The ballast is to be energized at an input voltage and frequency in accordance with 21

circuit is to be
are such that
(or thermocol
enclosure in
Unless alread
introduced, on
complete test

a) Fo
the tu

b) Fo
of the

connected in series with a 20 ampere fuse (time delay type), of which the
he fuse does not open in less thiah 12 seconds when carrying 40 amperes. A
ples) such as the type uséd-in the Temperature Test, is to be attached
rder to monitor the progress of the test. The ballast is to be tested as des
y conducted for Fault Condition Tests, Section 27, the following fault condit
e at a time and not.necessarily in the order indicated, and are to be applied th

I a transformer ‘primary winding, two outer layers of a layer wound ballast or
'ns of a_random wound ballast are short circuited.

I a transformer secondary winding, two outer layers of a layer wound ballast
turns of a random wound ballast are short circuited.

enclosure

There shall be

berable after a

.6. The supply
characteristics
thermocouple
to the ballast
cribed in 29.5.
ons are to be
roughout each

20 percent of

or 20 percent

c) The abnormal conditions described in 26.8, except that this test is not required when the
temperature does not exceed 110°C (230°F) during the test.

d) Any electrolytic capacitor or semiconductor junction located in a circuit capable of delivering
50 watts or more of power to an external resistor for 1 minute, as determined in accordance

with 2

9.6, is to be short circuited or open circuited.
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29.5 Regarding the ambient temperature of the ballast under test as described in 29.4, the intent of this
requirement is met when the test condition operates in an ambient temperature of 25°C £5°C (77°F £5°F)

until:

a) It is obvious within 30 minutes that a component has opened and the ballast is no longer

opera

ble; or

b) For a period of 30 minutes or less and when it is determined that the ballast enclosure or
power capacitor temperatures are no longer rising and the ballast operation is stable; or

¢) For a period of 30 minutes and when it is determined that the ballast enclosure or power

capacit
is to b

restar
known, and not exceeding 7 hours.
29.6 When it|is not obvious what the power available is at various points in the-circuit, a

an adjustable
maximum po
connection is

be reduced gradually to the point of maximum wattage as indicated/by-a peak reading on

When there is
protector, and
indicated by th
for the protec

than 60 seconds, the point is not capable of delivering~50 watts for 1 minute. Similarly,

component of
when the curr
minute.

29.7 Opening
signifies comg

30 Arcing Test

30.1 An electronic ballast marked “Type CC” shall comply with the requirements in Typg

Supplement §

30.2 Deleted

or temperatures are continuing to rise. In this case, the test is to be stoppe

ed. The test is to continue in the elevated ambient temperature until the,ulti

external load resistor are to be arranged as illustrated in Figure 27.1 to
made, and when there is no protective device in the balldst, the adjustable r

a protective device in the ballast, a closed shorting“switch is to be connec
the resistor is then to be adjusted to result in a‘power dissipation of exact
e meter. The switch across the protective device.js then to be opened and thg
ive device to open is to be recorded. When_the protective device opens the

ens in less than 1 minute effectively limiting the available power to less tha

ent is inherently limited by the circuit;; the point is not capable of delivering

of the 20 ampere supply cireuit fuse as a result of the particular component
liance.

D.
Revised 30.1 effective February 9, 2015

effective February 9, 2015

ver transfer. The external load resistor is set for its maximum resistarn

d, the ballast

e test
ate result is

vattmeter and
determine the
ce. After the
psistance is to
he wattmeter.
ed across the
y 50 watts as
time required
circuit in less
Wwhen a circuit
in 50 watts or
50 watts for 1

fault condition

b CC Ballasts,

30.3 Deleted

30.4 Deleted

effective February 9, 2015

effective February 9, 2015

Figure 30.1
Arcing test set-up

Figure 30.1 deleted effective February 9, 2015
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31 Voltage Measurement — Power Capacitors
31.1 The voltage across a power capacitor shall not exceed its rating in accordance with 15.2— 15.4.
31.2 The test is to be conducted with the ballast energized at the input voltage and frequency specified

in 21.6. It may be necessary to make more than one measurement in order to ascertain the voltage while
using various lamps for which the ballast is marked.
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31.3 It is not necessary to measure the voltage across a starting capacitor.
32 Dielectric Voltage-Withstand Test

32.1 While in a heated condition from normal operation, a resistance ballast, a reactor ballast, or an
autotransformer ballast shall withstand for 1 minute, without breakdown, the application of a test potential
between all live parts and all dead metal parts that are exposed or are likely to become grounded. If the
ballast is not enclosed in metal, the test potential shall be applied between all live parts and a metal
surface on which the ballast is mounted as intended. The value of the test potential shall be:

a) For a resistance ballast and a reactor ballast, 1000 volts plus twice the rated voltage of the
ballast; or

b) For an autotransformer (non-isolating type) ballast, 1000 volts plus twice the*rajed input
voltage, 1000 volts plus twice the voltage to ground, or 1000 volts plus twice(the gutput voltage,
whichpver is highest.

32.2 While in|a heated condition from normal operation, a two winding transformer (isolating type ballast)
shall withstangl for 1 minute, without breakdown, the application of the test\petentials descfibed below:

a) 10pO0 volts plus twice the rated input voltage, applied between live parts of the primary
windirjg and dead metal parts that are exposed or are likely, to become grounded;

b) 10pO0 volts plus twice the output voltage, applied between live parts of the secohdary winding
and dpad metal parts that are exposed or are likely"to become grounded; and

c) 10p0 volts plus twice the rated input voltageor 1000 volts plus twice the outpuf voltage,
whichever is higher, applied between live_parts of the primary winding and live pars of the
secondary winding.

32.3 A two wjnding transformer (isolating-type) ballast will usually have a resistor for stafting purposes
between the grimary and secondary windings. For the test in 32.2, (a) and (b) can be compined. For the
test in 32.2(c)|a special sample withoutthe resistor may be needed.

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-hgrtz 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
different potential or at different frequencies.

The test potential shall be 500 volts for a circuit operating at 50 volts or less, and 1000 volts plus twice
the circuit operating voltage for a circuit operating at more than 50 volts. In (c), the test potential shall be
the value determined by the higher voltage of the different circuits. The results are acceptable if there is
no dielectric breakdown.
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32.6 To comply with the requirement in 32.5(c), it may be necessary to disconnect solid-state
components interconnecting the two circuits.

32.7 For any of the alternating current values described in 32.1 to 32.5 a direct current and a potential of
1.414 times the specified alternating current value may be used.

32.8 A ballast is to be tested by means of a 500 volt-ampere or larger transformer, the output voltage of
which can be varied. The applied potential is to be increased from zero until the required test value is
reached, and is to be held at that value for 1 minute. The increase in the applied potential is to be at a
substantially uniform rate and as rapidly as consistent with its value being correctly indicated by a
voltmeter. Some commercially available dielectric testers have an adjustable sensitivity control which will
indicate a breakdown when the leakage current exceeds the setting. The control should be adjusted to
indicate breakeow Sttet s Ae—atbi :

32.9 A capagditor rated 0.020 microfarad or less shall withstand for 1 minute, without b
application of |a 60-hertz essentially sinusoidal potential between the capacitor terminals. |
is enclosed in metal, it shall also withstand the same test potential between its<terminals]
enclosure. In|either case, the test potential is to be three times the maximum voltage
capacitor is gubjected during operation of the ballast including lamp_stafting, lamp o
operation without a lamp or lamps, but shall not be less than 900 volts.

Exception: e dielectric voltage-withstand test between the terminals of a capacitor ma
operation of the ballast after internal dielectric breakdown of thé.capacitor will not result in
electric shocK. The dielectric voltage-withstand test between: the capacitor terminals a
enclosure mdy be omitted if an equivalent or more severe test is performed in conne
dielectric voltage-withstand tests required by 32.1 and-32:2.

32.10 Regard
a bare board
where V equa|
requirement w

ing the spacing for printed wiring board foil patterns described in 19.1.4, Ex
shall be subjected for a period of-ane minute to a dielectric potential of 2V
s the maximum peak potentialxin’volts, between the foil traces. The results ¢
hen there is no dielectric breakdown.

33 Insulatior-Resistance Test

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

33.2 Insulation resistance is to be measured by applying a direct-current potential of 125
live parts and|the) enclosure and other exposed dead metal parts, using two voltmeters —

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

be omitted if
A risk of fire or
nd the ballast
ction with the

ception No. 2,
+ 1000 V DC
bmply with the

and the metal

volts between
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 V4-V, equals 125 volts, the insulation
resistance is to be calculated using the formula:


https://ulnorm.com/api/?name=UL 935 2018.pdf

JUNE 10, 2010

FLUORESCENT-LAMP BALLASTS - UL 935

7

in which:

V1 is

Wi - VIR,
Va

Insulation Resistance =

the measured line voltage;

V5 is the voltage measured by a voltmeter in series with one of the leads of the ballast being

tested

Ro is

- and

the resistance of the voltmeter measuring V.

34 Limited Short-Circuit Test

34.1 Three s§

been separatgly subjected to a limited short-circuit test, shall not causea risk of fire whe

the test descr

34.2 When c(

winding of ea
of 14 AWG (2

bed in 34.2.
nducting the limited short circuit test on a link other than a printed wiring boa

1 mm?) copper wire, and the two ballast lead wires are to be cut to a maxim

inches (152 mim). The ballast is then connected to a*supply circuit having a power facto

limited to a cu
series with an

are such that
of the ballast

not connected

The cotton sh

the fuse does not open in less than 12 seconds when carrying 40 amperes.
s connected — not through a_fuse — to the power supply conductor in which t
. Cotton is to be wrapped:around the ballast, making sure that the lead hole
bl not ignite during the test.

34.2 revised June 10, 2010

imples of a ballast, employing a protector that interrupts the\ballast supply ar

rrent of 200 amperes, and at rated ballast voltage +5 percent. The circuit ig
20 ampere nonrenewable fuse (tim&-delay type), the construction character

d that has not
N subjected to

d, the primary

th ballast is short circuited on the load side of\the protector by the shortest feasible length

Um length of 6
r of 0.9 — 1.0,
connected in
stics of which
The enclosure
he protector is
5 are covered.
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4%

Figure 34.1
Connection for paragraph 34.2

A FUSE LINK UNDER TEST

}

A7

bURE

I
I
| / 14AWG SHORT
200 A LIMITED |
SUPPLY | |
| I
I I
I I
| K BALLAST ENCLOS
S3904 ENCLOSURE CONNECTION
34.3 One tes{ is to be performed on each of the thr&e samples. For one of the samples, t

to be closed d

34.4 A foil trg
seven sampleg

without introdiicing a risk of fire or shock:

34.5 Four sai

shortest feasibple length of 14-AWG (2.1 mm) copper wire, and the two ballast lead wires

a maximum Ig
except that a
to a supply ci
ballast supply
fuse (time del

n the short circuit if possible.

ce on a printed wiring board designed so it opens in the event of a short cir
s of a ballast incorporating(a*foil trace as described in 16.8 subjected to th

nples are to be prepared by providing a short circuit on the load side of the fq

ngth of 6 inches’ (152 mm). The two remaining samples are to be prepared
switch (SW2-of Figure 34.2)
rcuit having a power factor of 0.9 — 1.0, limited to a current of 200 ampereg
voltage, 15 percent. Each sample is connected in series with a 20 ampere
py type) to simulate connection to a branch circuit. The fuse characteristics

the fuse does

he protector is

cuit shall have
e test of 34.5

il trace by the
e to be cut to
e same way,

h
is also to be included. Each sample, in turn, is jien connected

, and at rated
nonrenewable
are such that

nofopnapin lace than 49 annande whan ~aemines AN Amanarae Tha Analaoed

of the ballast

MTOTOPTTT T 1ICoo thar T SCTUNUS WiitCTT Cartyig To alpoTroo T CrCiosuTT

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.

34.5 revised June 10, 2010
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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.

Figure 34.2
Connection for paragraph 34.5
For five samples SW1 is used, for two samples SW2 is used.

SW2
20 A FUSE | NK UNDER TEST
SW1 e 7_ -
/ N\ 1 JAR }
o ———
aOO A LIMITED
UPPLY ' |
| |
I |
LN

EN(

S3905

BALLAST ENCLOSURE

SLOSURE CONNECTION /
3 A _FUSE

35 Foil Trace Calibration

35.1 As requi

red by 16.8(d), a foil.trace on a printed wiring board designed so it opens in

short circuit shall be subjected tgian initial calibration that is repeatable periodically — See

35.2 Three samples are prepared by providing a short circuit on the load side of the fo

shortest feasi

ple length-ofs14 AWG (2.1 mm) copper wire, and the two ballast lead wire

maximum leng
a power facto
percent. The
averaged for t

jth of 6(inches (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 supq

SHORT

the event of a
Appendix B.

| trace by the
5 are cut to a
circuit having
ly voltage, £5
D open is then

urrent is applied to the forI trace and the time to open |s recorded The time t

-of a typical foil

trace. The value of the test current is able to be higher or Iower 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.
35.2 revised June 10, 2010


https://ulnorm.com/api/?name=UL 935 2018.pdf

74 FLUORESCENT-LAMP BALLASTS - UL 935 MAY 21, 2001

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,.

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 Iower end of the caprllary tube |s to be tapered to form a t|p, the drops from

which are abqtt-6-
be inserted in the top of the funnel through a rubber stopper and |ts posrtlon is to be adJustec
the stopcock is open, the rate of dropping is 100 £5 drops per minute. If desired, an(addit
may be used |n 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 f{
temperature gf the room, which is to be noted and recorded. The test is\0O be conduc
temperature of 70 — 90°F (21 — 32°C).

36.5 Each sgmple is to be cleaned before testing. All grease(lacquer, paint, and oth
coatings are tp be removed using solvents. Samples are then to/bé thoroughly rinsed in w
with clean chgesecloth. Care is to be exercised to avoid contact of the cleaned surface wit
any foreign mpterial.

36.6 The sanjple to be tested is to be supported 0.7 = 170 inch (17.8 — 25.4 mm) below the

glass tube is to

so that, when
onal stopcock

0 acquire the
ed at a room

br nonmetallic
ater and dried
n the hands or

orifice, so that

the drops of dolution strike the point to be tested@nd run off quickly. The surface to be fested is to be

inclined aboufl 45 degrees from horizontal.

36.7 The stopcock is to be opened and-the time in seconds until the dropping solution
protective mefal coating exposing the base’metal is to be measured. The end point is the fir
of the base metal recognizable by a.change in color at that point.

36.8 Each sgmple of a test I6t)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 pldces where the'metal coating may be expected to be the thinnest. On enclosu
precoated shgets, the-&xternal corners that are subjected to the greatest deformation are
thin coatings.

dissolves the
5t appearance

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

36.9 To calcylate the thickness of the coating being tested, select from Table 36.1 the th

ickness factor

appropriate for the temperature at which the test was conducted and multiply by the time in seconds

required to expose base metal as described in 36.7.
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Table 32.1
Coating-thickness factors
Temperature, Thickness factors, 0.00001 inch (0.00025 mm) per second,

°F ©C) zinc plating

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 (Pl +-633

71 (25.0) 1.042

74 (25.6) 1.050

79 (26.1) 1.060

8( (26.7) 1.070

81 (27.2) 1.080

84 (27.8) 12085

83 (28.3) 1.095

84 (28.9) 1.100

85 (29.4) 1.110

84 (30.0) 1.120

81 (30.6) 1.130

84 (31.1) 1.141

84 (31.7) 1.150

9 (32.2) 1.160
37 Water-Spray Test
37.1 A weatherproof ballast shall be subjected to the test described in 37.2 and 37.3. Water shall not
enter the ballgst enclosure. See 8.2.1,
Exception: An enclosure construgted so that it will obviously exclude water need not be tested.
37.2 A ballasi is to be tested by mounting the complete enclosure with conduit connections as in actual
service, and then applyingta water spray as described in 37.3 for 1 hour to the top angl sides of the
enclosure.
37.3 The rain|test apparatus is to consist of three spray heads constructed in accordance with the details
specified in Flgure"37.1 and mounted in water supply pipe rack as illustrated in Figure 37.2. The water

pressure is to be maintained at each spray head at approximately 5 psi. The distance between the center
nozzle and the ballast is to be approximately 5 inches (127 mm). The ballast is to be brought into the focal
area of the three spray heads in such a position and under such conditions that water will be most likely
to enter, except that consideration is to be given to the normal mounting position.
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Figure 37.1
Spray head assembly

ASSEMBLY S

S
S

BODY

F {
NENaz Somls  Hie
ANSL/ASME B1.20.1
AU A1
‘/——ﬂ-
) — 4 —]
H (DRILL THRU) NSERT

45° COUNTERSINK - N"(MAX.)
3 HOLES - T (DRILLTHRU
S (DEEP) .H‘ e T ¢ )

i

R (DRILL TO DEPTH
REQUIRED FOR THROAT)

'— - V (HEX. OR ROUND
BAR STOCK)
U (DRILL THRU L= 1.

3 - SQUARE-SECTION SLOTS - M&IDE x G DEEP - SPACE 120° -
60° HELIX-<JLEADING EDGES TANGENT TO RADIAL HOLES

ltem mm inch ltem mm inch

A 31.0 1-7/32 N 0.80 1/32

B 11.0 7/16 P 14.61 575

C 140 9/16 1463 576

D 14,68 578 Q 11.51 453
14,73 .580 11.53 454

E 0.40 1/64 R 6.35 1/4

F c c S 0.80 1/32

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

O Nylon Rain—Test Spray Heads are available from
Underwriters Laboratories
© ANSI B94.11M Drill Size
€ Optional — To serve as a wrench grip.
RT100F
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Figure 37.2
Spray head pipe rack
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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 £5 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.

38.1 revised November 7, 2011

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 insy
a) By

b) By
direct

c) By
39 Strain-Re

39.1 The stra|
in 13.5.1 and
of connection
been transmit
indicates streq

39.2 To detey
pounds (89 N
is to be applie

39.3 To dete
(156 N) is to
the cord-exit I

Je

fattormrreststancetstobemeasured:
a magneto megohm-meter that has an open-circuit output of 500 volis;

a voltmeter having an internal impedance of at least 30,000 ohms~yanhd using
current circuit; or

equivalent equipment.
ief Test

n-relief means provided for an individual lead wire or flexible cord of a ballas
of the conductors, there shall be no movement of the cord that indicates stre
ed to the connections. For a lead wirg, there shall be no movement of the
s would have been transmitted to the,connections.

mine 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
d for 1 minute.
ine the acceptability. of the means for strain relief on a flexible cord, a force

gradually applied ‘and maintained for 1 minute. The force is to be normal {
ole.

) a 250-volt

t, as specified

13.5.2, shall be tested as described in 39.2_ 0r39.3, as applicable. For a cord, at the point

5s would have
lead wire that

a force of 20
ounds (22 N),

of 35 pounds
o the plane of
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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 tegts—with

area as inten
stranded cond
available in th

40.2 Tempers

40.2.1 A pus
constant — se
(131°F), base

40.2.2 Six pr
unused samy
manufacturer’

a) Th

b) Th
the as

ded without exposure of the stray strands or reduction of required spacin
uctors are to include separate samples for the maximum and minimum(numbi
wire sizes intended for use with terminal.

ture

N-in (screwless) terminal shall be tested as described in 40.2.2 until tem
b 25.19 for definition for constancy. The temperature of the terminal shall no
 on an ambient temperature of 25°C (77°F).

pviously unused samples are to be assembled\with solid and, if intended,
les are to be assembled with stranded copper wire in accordance wi
5 instructions. A current equal to:

E maximum value obtained during the;tests for Input/Output Measurements,

e rating specified by the ballast fmanufacturer, whichever is greater, is to pag
semblies.

Separately pre¢pared samples may be used to pass the current through the assemblies with

ballast operat
connector. Th

ng. The purpose of ‘the test is to determine the heating due to the resistan
s measurement cannot be done as a part of the Normal Temperature Test,

minal gripping
ps. Tests with
ers of strands

peratures are
exceed 55°C

six previously
h the ballast
Section 22; or
sed through

out having the

ce at the wire
Section 25.
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41 Rod Pressure Loading Test

41.1 Enclosures made of metal, having a pattern of ventilation openings, and having an electrical spacing
between an uninsulated live part and the metal enclosure, shall have the possible reduction in the spacing
determined by test described in 41.2. Electrical spacings are described in Spacing of Electrical Parts —
Section 19. Enclosures made of polymeric material shall withstand the test described in 41.2 without
introducing a shock hazard — see 51.1.1.

41.2 The sample shall be subjected to a force of 20 pounds (89 N) for 1 minute applied to any point by
a metal rod. The force is to be increased from 0 to 20 pounds (0 to 89 N) over a period of 5 seconds. The
axis of the metal rod is to be perpendicular to the surface under test. The metal rod is 1/2 inch (12.7 mm)
diameter, having a flat contact end with the edge rounded to a radius of 1/32 inch (0.8 mm) to eliminate
sharp edges.

42 Volume Method of Measurement

42.1 Unless i{ is obvious the required volume is exceeded, the volume of a field"'wiring spac¢e for a ballast
shall be deterinined by the amount of water required to fill the volume of the witing space. $mall amounts
of putty are to|be used to close any seams or small openings observed in thetest sample. Any lead wires
provided with fthe ballast are to be removed or a special sample withouflead wires is to beg used in order
to measure thie total volume. The sample is to be positioned so that only a single opening from the field
wiring compaitment is upward and level. A clean, graduated vessel*(pipette or the equivdlent) having a
volume equal|to or greater than the volume of the sample is to‘be Tilled with water at roo% temperature.
The water is then to be transferred from the vessel to the sample. The following relationship is to be used:

1 in3 = 16.39 cm?® = 16:39 ml of water

MANUFACTURING AND PRODUCTION TESTS
43 Dielectric|Voltage-Withstand Test

43.1 Each bdllast 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:

a) Live parts of the primary winding and dead metal parts that are exposed or are] likely to
become grounded;and

b) Lie partstof the secondary windings and dead metal parts that are exposed or| are likely to
become ‘greunded.

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 a 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 of the primary
winding and dead metal parts that are exposed or are likely to become grounded;
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2) V is equal to the rated output voltage (but not less than 120 volts), and is applied
between live parts of the secondary winding and dead metal parts that are exposed or

are likely to become grounded; and

b) For all other ballast types not covered by (a); V is equal to the rated input voltage or the
output voltage whichever is higher, and is applied between all live parts and dead metal parts

that a

re exposed or are likely to become grounded.

Exception: For a ballast type described in (a), if agreeable with the manufacturer, all lead wires may be
connected together and V shall be the maximum marked input voltage, the voltage to ground, or the
output voltage, whichever is higher.

Talhla-42 4

TAvIv TJ. 1

Production-line test conditions

Condjtion Application time, seconds Applied potential, AC Applied pptential, DC
A 60 1000 + 2V@ 1400+ 2.8V
B 1 1200 + 2.4V2 1700[+ 3.4V
a8 Maximum ratefl voltage.

43.3 The test
condition. It is|

Exception: T
product.

43.4 A ballas
and that can

connected prd
in Table 43.1

not intended that the product be unwired, modified;, or'disassembled for the
he test may be performed before final assembly.jf the test represents that for
employing a solid-state component that is not relied upon to reduce a risk of
be damaged by the dielectric potential may be tested before the componen

The circuitry may be rearranged for the purpose of the test to reduce th

solid-state-co

ponent damage while retajning representative dielectric stress of the circuit

43.5 The test/equipment shall include™a transformer having an essentially sinusoidal outp
indicating the [test potential, an audible or visual indicator of electrical breakdown, and eith

reset device

restore the equipment after electrical breakdown or an automatic reject

unacceptable |unit.

shall be conducted when the ballast is complete — fully,assembled in a heate

vided that a random sampling of each day’s production is tested at the potg

d or unheated
test.

the completed

electric shock
is electrically
ntial specified
b likelihood of

it, a means of
er a manually
eature of any

43.6 If the output of the test equipment transformer is less than 500 volt-amperes, the equipment shall
include a voltineter.inthe output circuit to directly indicate the test potential.

43.7 If the oufput’ of the test equipment transformer is 500 volt-amperes or larger, the test

be indicated:
a) By

b) By

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

a selector switch marked to indicate the test potential; or

potential may
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c) For equipment having a single test-potential output, by a marking in a readily visible location
to indicate the test potential.

When marking is used without an indicating voltmeter, the equipment shall include a positive means, such
as an indicator lamp, to indicate that the manually reset switch has been reset following a dielectric
breakdown. Some commercially available dielectric testers have an adjustable sensitivity control which will
indicate a breakdown when the leakage current exceeds the setting. The control is to be adjusted to
indicate breakdown (shorted output) and not some arbitrary value of leakage amount current.

43.8 Test equipment other than that described by 43.7 — 43.9 may be used if found to accomplish the
intended factory control.

43.9 During the —8 ad—wires—o mirals—ef—the—balts ctt—o bed 43.2 are to be
connected todether and to one terminal of the test equipment. The second test-equipment terminal is to
be connected|to the accessible dead metal. If agreeable to all concerned, all lead wites ‘orf terminals can
be connected|together for all tests, provided the highest dielectric voltage of all tests’is applied between

the lead wireq or terminals and the accessible dead metal.
RATING

44 General

—

44.1 The eledgtrical rating of a ballast shall include the input voltage, frequency, and currer

44.2 The output voltage as defined in 22.4, when more than 300 volts, shall be included in the electrical
rating in order|to identify conditions of use described in the-National Electrical Code, ANSI/NFPA 70-1996,
and field installation of hook-up wire and lampholdets:” The maximum voltage to ground |or to a single
lampholder sHhall be included in that rating, when it;aids in specifying a lampholder. See [lable 44.1 for
common lamgholder ratings.

Table 44.1
Lampholders ratings

Type of lampholder (ANSI designation) Watts Volts
Miniature] bipin (G5) 75 250 or 600
Medium bipin (G13) and togul bipin (G20) 660 250, 600, or 1000
Recessedl double-contact (R17d) 660 600 or 1000
Single-pif (R7s) 660 250, 600 or 1000
4-pin cirdine (G10gq) 660 250 or 600

44.3 A ballastshalt-bermarked-with-the-typefs)oHamplsHitisto-beusedwith—andthe-rumber of lamps,
if more than one.
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MARKING

45 Details

45.1 General

45.1.1 A product shall be legibly and permanently marked with:

a) The manufacturer's name, trade name, or trademark or other descriptive marking by which

the or

ganization responsible for the product is able to be identified;

b) A distinctive catalog number or the equivalent;

c) Th
d) Th
The permaner
adhered to th
(peelable) tag

Exception No
identified by t

Exception No
accepted con

a) Dg

b) Ddg
the pr

45.1.2 Other
the mounting

b electrical rating; and

e date or other dating period of manufacture not exceeding any three conse
ce level of a paper or plastic-film marking label shall be such thatthe label rer
b ballast at least until it is installed into an end-use product aprsystem. No h

5, or flag type tags shall be used for a marking label.

1: The manufacturer’s identification is able to be ifa-traceable code when
e brand or trademark owned by a private labeler:

2: The date of manufacture is able to be abbreviated; or is able to be
entional code or in a code affirmed by thesmanufacturer, when that code:

es not repeat in less than 20 years; @and

es not require reference to the«production records of the manufacturer to de
oduct was manufactured.

han the date code marking, all marking shall appear on a surface of the bal
surface.

tutive months.
nains securely
ang tags, tack

the product is

n a nationally

fermine when

ast other than

45.1.3 A supplementary matking shall be included to indicate the correct method of conpection for the

various lead W

Exception: T

lead wires.

ires.

his requirement does not apply to a single-lamp, simple reactance ballast h

hving only two

45.1.4 If a manufacturer produces or assembles ballasts at more than one factory, each f

nished ballast

shall have a distinctive marking by which it may be identified as the product of a particular factory.
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45.2 Ratings

45.2.1 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.”

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 rating
lampholder and wire and the measured values of voltage as determined by_Sectio
Outpyt Measurements.

b) W

The output vo

between assig

for a ballast o
V. Therefore,

shown in FigU

described in
marked with t

en specifying the voltage rating for the lampholder:

1) The voltage to ground measurement shall be used for Straight, tubular
employing two lampholders; or

2) The voltage across the lamp measurement shall be used for compact,
other lamps employing a single lampholder.

tage value assigned shall be in accordancewith the note to Figure 45.1. For
ned ratings, the next higher value shall be assigned. For example, the mea
Litput voltage is 690 V and the measured voltage of the maximum voltage to
X is to be assigned a 600 V rating-and Y is to be assigned a 1000 V rating. TH
re 45.1 shall be on the ballast'or on instructions packed with the ballast. W
Figure 45.1 is provided onlyven instructions packed with the ballast, the b
he output voltage, as requited in 44.2.

ys for the
h 20, Input/

amps

circular, and

values that fall
sured voltage
ground is 550
e table format
hen the table
hllast shall be

Figure 45.1
Output voltage ratings for ballasts
For installation Rating, V
Lampholder X
Wire Y

NOTE: The valu

e of X_shall be 250, 600, or 1000 volts. The value of Y shall be 300, 600, or 1000 volts.
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45.3 High power factor

45.3.1 If a ballast is marked “High Power Factor” or the equivalent, the power factor of the ballast shall
be 90 percent 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 powertfac dheerrormat-operating-conditions—s eHo—a—value less than
90 percent, the ballast may be marked with the statement, “Power Factor Corrected,| provided the
marking also |ncludes the value of the power factor — the latter being in letters not stnalleq than those of

the statement

45.4 Lamps

45.4.1 A ballgst shall be marked for the intended lamp or lamps in ordér {o:
a) Mgintain normal operation of the ballast including normial’temperature and operating
components at their rated voltage (see 45.4.2); and
b) Rgstrict use of unintended lamps that would result in exposed live parts when lamps are
being|replaced (see 45.4.3 to 45.4.5).

45.4.2 A ballgst intended for use with:
a) Bi{pin lamps, such as preheat, instant- or rapid-start, shall be marked with the individual
lamp-vattage.
b) Sinpgle-pin, ferrule-contact, ‘of recessed-double-contact lamps shall be marked With the
propel lamp designation=_fer example, lamp length, diameter, or other acceptable [designation.
c) Single-pin or ferrulettype lamp, or for use with any lamp of which current is more than 430
milliamperes, shall.be marked with the normal lamp current — per lamp, in the casg of a
multilgmp ballast.
d) Anl energy-saving version of a standard lamp shall be so identified.

45.4.3 A ballast supplying filament current and intended for use with one or more rapid-start lamps, other
than compact or circular lamps, shall be marked with the words "Rapid-Start” or “"R.S.” A ballast intended
for use with one or more instant-start bi-pin lamps shall be marked with the words “Instant-Start” or ”I.S.”
This designation may be in the form of a statement pertaining to the ballast itself, or may be combined
with the marking for the lamps with which the ballast is intended to be used, for example F40T12/1S or
F40T12/RS.
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45.4.4 In lieu of the test requirements specified in 24.2.1, a ballast for other than a pre-heat circuit shall

be marked:

a) Fo

r use with circuit-interrupting (or cutout) lampholders;

b) For use only with a compact, circular lamp, U-bend or a similar lamp that would employ a
lampholder arrangement that disconnects all lamp contacts simultaneously; or

c) For use only with lamps having recessed double-contact bases.

45.4.5 With reference to 45.4.4 (b) and (c), this information is normally provided implicitly with the marking
for the lamp types.

45.5 Applica

45.5.1 A ballg
Use Only In S

45.5.2 A ballg
it is this type,
Ballast” or ”S

45.5.3 A ballg
and may be a

Exception: A

45.5.4 A ball
accordance w
equivalent.
Exception: T

45.5.5 An ou
construction.

45.5.6 A wea

45.5.7 A wea
to convey sud

ion

igns.”
st that is a reactor type but does not have an obvious outward-appearance t
mple Reactance Ballast.”

st intended for use with a portable lamp shall have’an output voltage of less
iditionally marked, “For use in portable lamps,” See 22.8 and 22.9 to determir

st having a maximum leakage cugrent of more than 0.5 milliampere, W
th 23.1, shall be marked “For use-in‘permanently connected (fixed) equipme

he marking need not be provided for ballasts having an input voltage of 277

fdoor ballast shall_be marked "Type 1 Outdoor” or “Type 2 QOutdoor” ag

herproof-ballast that must be mounted in a certain position to exclude rain sk
h information, unless it is obvious from the construction of the ballast or

mounting that

such a marking is not necessary.

ballast as described in 22.8 and 22.9 need-not comply with this requirement.

herproof ballast shall be marked "Weatherproof” or with the designation "WP.

1st intended for use with one or more lamps designed for signs only shall b¢ marked “For

o indicate that

such as a ballast with additional leads for an integral starter, shall be marked “Reactor

than 150 volts
e compliance.

F

hen tested in
nt only,” or the

olts or higher.

cording to its

all be marked
he means for

45.5.8 A direct plug-in ballast having a mounting tab as described in 46.3.4 shall be marked on the
ballast, a marking tag, or an instruction sheet packed with the ballast — with the word “CAUTION” and the
following mounting instructions, or equivalent,

a) “To reduce the risk of electric shock — disconnect power to receptacle before installing or
removing the ballast. When removing receptacle cover screw, cover may fall across plug blades
or receptacle may become displaced;”

b) “Use only with duplex receptacle having center screw;” and

c) “Secure ballast in place by receptacle cover screw.”
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45.5.9 A ballast with a polymeric enclosure marked, “Suitable for Air Handling Spaces” shall comply with

20.12.

45.5.10 A ballast with openings in accordance with 8.1.3 shall be marked, "Use Only Within An Electrical

Enclosure.”

45.5.11 Deleted effective February 9, 2015

45.6 Thermal protection

45.6.1 A Class P protected ballast shall be marked “Class P.”

45.6.2 When
element, or of
on the ballast

rotective device, no indication of the presence of the protective device

erp

45.7 Field cdnnection

45.7.1 When
exceeds 60°C
the following $
”For Connecti
(167°F) or 90

the temperature on any surface within a terminal compartment or splice
(140°F) during the Normal-Temperature Test, Section 25 the ballast shall b
tatement or the equivalent, located so that it is readily visible when connecti
pons Use Wire Rated for at Least
C (194°F) as determined by the Normal-Temperature Test, Section 25.

45.7.2 Withr

ference to 45.7.1, the information is able to besmarked by using a nameplate,

or a paper stigker securely and permanently held in place; or by an equivalent means. Th
level of a papgr or plastic-film marking label shall be_such that the label remains securely adhered to the
ballast at leasf until it is installed into an end-use product or system. No hang tags, tack (f

or flag type t

s shall be used for a marking label.

45.7.3 A ballast that employs push-in (s¢rewless) terminals shall be marked with instrug

readily visible

during installation:
I releasing the wire_from the terminal connection;
pat specify the intended wire gage;

bt specify~use with “solid copper wire only” unless the terminal is intended fqg
randed\wire;

on the shipping carton or container, or on materials shipped with the ballast.

mally actuated

shall be given

compartment
e marked with
bns are made:

C,” in whiehythe temperature is to e either 75°C

die-stamping,
P permanence

eelable) tags,

tions that are

r both solid

Strip the insulation from conductors a specified length;

e) Fo

r connecting acceptably sized wire; and

f) That specify the terminal positions related to lamp connections.
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45.7.4 A ballast provided with a connector or connectors that are intended for connection of the supply
circuit or lamp leads, or both to the ballast shall be marked on the ballast near the connector or connectors
with the following or the equivalent: “For use only in products having this manufacturer's mating
connector.”

45.7.5 If a resistor is required to be used in conjunction with a reactance ballast, the marking on the
ballast shall include the value of the resistance to be used and instructions regarding the connections to
be made.

Exception: This requirement does not apply to a single-lamp simple reactance ballast having only two
leads.
45.7.6 A ballgstmatked-—ClassPmay-also-betratked-—TypeHtorthe-batas shipping container,

or on material
For any other
or on material

ments in 16.7.
ing container,

5 shipped with the ballast, only if the Class P ballast complies with the requite
ballast, the “Type HL” designation shall not be used on the ballast, the shipy
5 shipped with the ballast.

PART 2 — DIRECT PLUG-IN, AND THROUGH CORD BALLASTS

CONSTRUCTIJION
46 Direct Plyg-In, and Through Cord Ballasts
46.1 General
46.1.1 These

known as a th
a ballast.

requirements pertain to ballasts that are.direct plug-in (no cord), ballasts with a cord (also
rough-cord ballast), and incandescent tq fluorescent light source conversion Kits using such

46.2 Enclosy

46.2.1 The enclosure of a ballast deseribed in 46.1.1 shall be subjected to the following te

a) Im
b) Cr
c) Mg

46.2.2 An ad

re integrity

pact Resistance Test).described in Section 51.2 or 20.4;
Ish Resistance Test, described in Section 51.4; and
Id Stress‘Relief Test in 20.5.

hesive used in the assembly of the enclosure shall be investigated as s

Standard for H

sts:

ecified in the

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

Exception:

electromagnetic induction, and thermal welding comply with this requirement.

Methods utilizing fusion techniques, such as solvent cementing, ultrasonic welding,
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46.3 Weight and moment

46.3.1 The weight of a ballast connected in a power-supply cord — exclusive of the cord and any
supplementary housing — shall not be more than 5 pounds (2.26 kg) and shall determine the type of cord
used with the ballast. The weight of any supplementary housing shall not be more than 1 pound (0.45 kg).
When the ballast weighs not more than 2 pounds (0.91 kg), the cord shall not be of lighter service than
Type SP-2; and when the ballast weighs more than 2 pounds (0.91 kg), the cord shall not be of lighter
service than Type SJ.

46.3.1 effective October 27, 2002

46.3.2 A direct plug-in ballast shall have the maximum acceptable moment, center of gravity, dimensions,
and weight complying with the following requirements (see also 46.3.3 and 46.3.4 and Figure 46.1):

a) The quotient of WY/Z shall not exceed 48 ounces (1361 g);
b) The quotient of WY/S shall not exceed 48 ounces (1361 g);
c) The product of WX shall not exceed 80 ounces-inches (0.56 N-m); and
d) The weight of the ballast shall not exceed 28 ounces (794 g).
46.3.3 Definitjons for the symbols used in 46.3.1 are as follows:
a) W [is the weight of the ballast in ounces (g);
b) Y is the distance illustrated in Figure 46.1 indinches (mm);
c) Z ip the lesser of the two distances, Z,@r Z,, as illustrated in Figure 46.1 inches (mm);
d) S is the lesser of the two distancesyS, or S,, as illustrated in Figure 46.1 inchgs (mm); and

e) Xis the greater of the two distances, Xy or X,, as illustrated in Figure 46.1 inches (mm).
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Figure 46.1
Dimensions of a direct plug-in ballast
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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~_ [e— 1.109 MAX——s=]
I 1531

iy I LA -—-—‘ 1.327 MAX

1,531

TAP_FOR\NO.6-32
PLATE” SCREW

1

|

|
0.212

-
a1 —op

T

| 0.212
0.205

I

S2863A

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.
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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.

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.

Figure 46.3
Extension for mechanical support of blades

Perimeter of
~Direct Plug=In.

46.4.4 When
an attachmen
behind the ply
as shown in F

Extension for
Mechanical
Support of

Blodes\\

sM229

a direct plug-in-ballast is inserted in a duplex receptacle, it shall be possiblg
I plug into the adjacent receptacle. The attachment plug referred to has th
g face, neb at'a right angle to the plug face. To determine compliance, a dup

receptacle is

test are insert¢

requirement p

gure 46.2)and having 1.531 inches (38.1 mm) dimension between the centerli
sed.sAgrounding type plug with a diameter of 1.5 inches (38.1 mm) and theg

to fully insert
e cord exiting
lex receptacle
ne of the each
ballast under
hes (38.1 mm)

dinto the duplex receptacle A grounding type plug with a dlameter of 1. 5 inc

rowded the tab is not thicker than 0.12 mch (3 mm).

Re intent of the

Exception: A ballast that renders the adjacent receptacle completely unusable in any one mounting
position complies with the intent of the requirement.
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46.5 Wiring details

46.5.1 Polarization of the plug blades, cord lengths, and cord strain relief requirements are given in 13.3.
For cord strain relief, see also Section 39, Strain-Relief Test.

46.6 Thermal protection
46.6.1 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.

47 Blade Configuration

47.1 The integral blade assembly of a direct plug-in ballast shall comply with,thig construction
requirements [n the Standard for Attachment Plugs and Receptacles, UL 498, and thé"Blade Secureness
Test, Section 0. See 46.5 and 46.6.

47.2 A direct Jplug-in ballast shall be polarized as described in 13.3.
48 Strain Relief

48.1 The inpuit cord of a through-cord ballast and the output cofdyef a through-cord and direct plug-in
ballast shall be tested in accordance with the Strain Relief Testj«Section 39.

PERFORMANCE
49 Moment gnd Weight Test
49.1 The morment 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 neans if the strain-reliefmeans is outside the enclosure.

b) For ballasts with directlixmounted accessories, the values are to be measured with the
accespories in place.

c) The mounting«ab ‘described in 46.3.4 is not to be included in measurements of|the linear
dimenysions forhe purpose of determining moments 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 abnormal use as
determined by the mold stress relief distortion test in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.
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50 Blade Secureness 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 groundmg p|n if prowded in succession and then by the two blades tested together For a ballast

of nonrigid con
shall not exce|

50.2 Push

50.2.1 The pl

ed 3/32 inch (2.4 mm) measured 2 minutes after removal of the welght

Lig-in blades and the grounding pin shall not loosen to a degree*that would ir

of fire or elecfric shock as a result of the tests described in 50.2.2 and 50.2.3.

50.2.2 A ball
individually su
blade in a dirqg
minute.

50.2.3 The s

hst is to be rigidly supported in the blades-up position. Each blade, in
bjected to a force of 30 pounds (133 N) applied gradually along the longitudi
ction towards the face of the ballast. The 30-poufid (133 N) force is to be m

bmple used in 50.2.2 is to be retested-by being positioned as describe

subjecting both blades and the grounding pin, if provided, in combination, to a single appli

pounds (178 ||

N) for 1 minute.

51 Abuse Tests

51.1 General

51.1.1 The pq
— 51.4 withou
illustrated in F

Exception: H
Impact Test d

lymeric enclosure ofta ballast shall withstand the mechanical abuse tests des
t making live parts*which pose a risk of electric shock accessible by use
igure 51.1.

nclosureS<hat are completely filled with potting compound need only be s
pscribed-in 51.2.

of either blade

troduce a risk

turn, is to be
nal axis of the
hintained for 1

0 therein and
ed force of 40

seribed in 51.2
of the probe

bjected to the
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51.2 Impact

51.2.1 Three samples are to be subjected to this test. Each ballast is to be dropped (free fall) three times
in succession from a height of 3 feet (914 mm) onto a hardwood surface as described in 51.2.2. Each of
the drops is to result in the impact occurring at a point on the ballast different from the impact points on
the other drops.

51.2.2 The hardwood surface mentioned in 51.2.1 is to consist of a layer of nominal 1-inch (25.4 mm)
thick tongue-and-groove oak flooring mounted on two layers of 3/4-inch (19.1-mm) thick plywood. The
assembly is to rest on a concrete floor or the equivalent during the test.
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Figure 51.1
Articulate probe with web stop
All dimensions are in millimeters
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51.3 Rod pressure

51.3.1 The ballast shall be subjected to the Rod Pressure Loading Test, Section 41.

51.4 Resistance to crushing

51.4.1 One sample of the ballast shall withstand for 1 minute a steady crushing force of 75 pounds (334
N) applied at right angles to the mounting surfaces. The enclosure is to be tested between two parallel,
flat, maple blocks, each not less than 1/2 inch (12.7 mm) thick. One block is to contain slots into which
the blades of the device are to be fully inserted. The crushing force is to be applied gradually in a direction
perpendicular to the plane of the mounting surface.

51.5 Accessipitity

51.5.1 The p
whether a live

obe illustrated in Figure 51.1 applied as specified in 51.5.2 is to be used
part is accessible.

to determine

51.5.2 The aifticulate probe referenced in 51.5.1 is to be applied with a force not exceeding 1 pound (4.4

N) to determir

e whether the live parts are accessible.
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SUPPLEMENT SA - FLUORESCENT BALLAST ACCESSORIES

SA1 Scope

SA1.1 These requirements cover ballast accessories, such as lamp-power reducers and fluorescent-lamp
substitutes, for use with fluorescent lamp/ballast combinations. The effectiveness of these accessories in

reducing the input power to the ballast is not investigated as part of these requirements.

SA1.2 These requirements are not to be used solely in judging the acceptability of an accessory. The
requirements in Sections 1 — 45 of this standard also apply, except as superseded by a requirement in

this supplement.

SA2 General

SA2.1 For thq
installed in se

fluorescent-lamp substitute is a device that is similar in appearance to a standard fluoresd

that is intende
the ballast. In
lamp power re

SA3 Enclosy

SA3.1 The er
has been inv
Section 20, fo
an enclosure
impact of at le
Equipment EV

Exception No.
the Standard
are able to bg

Exception No
properties wit
marked in acq

SA3.2 The er

purpose of these requirements, a lamp-power reducer is a reactance that is
ries with the fluorescent lamp for the purpose of reducing input-power to

d to be installed in place of a fluorescent lamp for the purpose’ of reducing
these requirements, use of the word “accessory” means the requirement ap
ducer and a fluorescent-lamp substitute.

re

closure of a power reducer shall be made ofv\metal, phenolic, or a polymeri
pstigated and found to meet the intent ofithese requirements. See Polym
I requirements for polymeric materials used as an enclosure. A polymeric mé
shall have a relative temperature index (RTI) with regard to mechanical proj
ast 90°C (194°F) in accordance with the Standard for Polymeric Materials — U
aluations, UL 746C.

1: A polymeric material that'has a flammability rating of 5VB, V-0, or V-1 in ag
for Tests for Flammability’ of Plastic Materials for Parts in Devices and Appl
used when the enclosure is marked in accordance with SA12.10.

2: A polymeric_material that has a relative temperature index with regard
hout impact.af ‘65°C to 85°C (149°F — 185°F) is able to be used when th
ordancewith SA12.11.

closure of a lamp-power reducer shall completely enclose all live parts of th

ntended to be
the ballast. A
ent lamp, and
nput power to
plies to both a

C material that
bric Materials,
iterial used as
berties without
e in Electrical

cordance with
ances, UL 94,

to mechanical
P enclosure is

b device.

Exception: T

his requirement does not apply to an opening intended to accommodate a lamp.

SA3.3 For a fluorescent-lamp substitute, the enclosure for the tubular length shall be made of glass,
phenolic or a polymeric material that has been investigated and found to comply with the requirement.
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