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PART 1 — ALL NEON SUPPLIES
INTRODUCTION
1 Scope

1.1 This standard applies to transformers and power supplies, including those intended to be connected
to a Class 2 source of supply, that provide the voltage and ballasting for neon and cold-cathode tubing
(electric-discharge tubing) consisting of electrodes and gas such as neon, mercury, helium, argon, and
similar gases, enclosed in glass. Neon transformers and power supplies for use in signs and outline
lighting are intended to be used in accordance with Article 600 of the National Electrical Code, NFPA 70.
Cold-cathode supplies identified for use only in cold-cathode lighting systems are intended to be used in
accordance With Article 410 of the Nafional Elecirical Code.

1.2 Neon trapsformers and power supplies covered by this standard are designated by theif construction
and intended|use as specified in Table 1.1.

1.3 The follgwing neon supplies are only covered as components for usé |in"an end pfoduct that is
determined t¢ comply with the Standard for Electric Signs, UL 48:

a) Type 1 neon supplies;
b) Types 5 and 6 neon supplies when complying with&xeeption No. 3 to 23.1;

c) Types 6, 7, and 8 neon supplies when complying’with the Exception to 14.4.1 of the
Exception to 14.4.3;

d) All types of neon supplies having an isolated output when complying with Excegtion No. 2 to
23.1;land

e) (old-cathode supplies when complying with Exception No. 5 to 23.1.

1.4 These rgquirements do not cover_fransformers or power supplies intended to supply dther forms of
electric-discharge lighting soutces such as fluorescent and high-intensity-dischafge lighting.
Requirements for fluorescent supply sources are covered in the Standard for Fluorescent-Lamp Ballasts,
UL 935, and| the requirements”for high-intensity-discharge lighting supply sources are c@vered in the
Standard for High-Intensity=Discharge Lamp Ballasts, UL 1029.

1.5 These rqquirements do not cover transformers or power supplies that are intended for use with oil
burners. The| reguirements for oil ignition transformers are covered in the Standard for|{Low Voltage
Transformerq < Raft 1: General Requirements, UL 5085-1 and the Standard for Low Voltage [Transformers
— Part 2: GeneratPurpose Transformers, Ut5085-2;andfor oitignitiorm power suppties are covered in the
Standard for Power Units Other Than Class 2, UL 1012.
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Table 1.1

Construction type designation

Type
designa-
Core and/or circuitry Primary connections Secondary connections tions
Type
Wiring terminals or leads Wiring terminals or leads dezlc?:a-
Exposed — number —
Exposed — not Unexposed — not in wiring Unexposed — see
in wiring in wiring compartment in wiring numbered
compartment compartment Power or through compartment Inte-gral footnotes
Completely Any part or through or through supply conduit or through recep- for
enclosed 2 || exposed? | conduit fitting conduit fitting cord fitting conduit fitting tacles definition
no yes yes no no yes no no 1
yes no yes no no yes no no 2
yes no no yes no yes no no 3
yes no no yes no no yes no 4
yes no no yes no no no yes 5
yes no no no yes no no yes 6
yes no no no yes yes no no 7
yes no no no yes no yes no 8

a8 — Enclosed is|
b _ Exposed is
7.1

Type 1 — Open
Type 2 — Neon

Type 3 — Neon
secondary lead
Type 4 — Neon

Type 5 — Neon
integral output

Type 6 — Cord
Type 7 — Cord

Type 8 — Cord

the containment of electrical parts in a material that complies With 7.1.
any current carrying part other than input and output leads @r terminals that is not contained in ag

core-and-coil transformer or open power supply thaf requires a complete enclosure in the end pr
supply with the input and output terminals, leads) and connections enclosed in the end product.

supply with input leads or terminals enclosed.and intended for connection to a permanent wiring
5 or terminals required to be enclosed in the,end product.

supply that is fully enclosed and intended for connection to a permanent wiring system, and is prf
eceptacles.

connected neon supply provided'with integral output receptacles.

connected neon supply with secondary output leads or terminals needing to be enclosed in the e
connected neon supplywith enclosed output leads or terminals.

cordance with

duct.

Bystem, and with

supply that is fully enclosed including‘the’output and is intended for connection to a permanent wiring system.

pvided with

d product.
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2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix A for a list of standards covering components used in the
products covered by this standard.

2.2 A compo

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

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is

superseded by a requirement in this standard.

2.3 A compdg
use.

2.4 Specific
Such compo
exceeding sp

3 Reference

3.1 Any undated reference to a code or standard appearing indhe‘requirements of this star

interpreted a
4 Units of M

4.1 Values s
approximate

4.2 Unless
root-mean-sg

5 Terminolog

5.1 As used
Table 5.1.

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

Components are incomplete in construction features or restricted in_gerformanc
hents are intended for use only under limited conditions, such @s, certain tem
ecified limits, and shall be used only under those specific conditions.

Publications

5 referring to the latest edition of that code or standard.
basurement

tated without parentheses are the reguirement. Values in parentheses are e
nformation.

ptherwise indicated, all veltage and current values mentioned in this {
uare (rms).

y

in these requiréments, terms are used to refer to particular parts or features a

conditions of

b capabilities.
peratures not

dard shall be

Xplanatory or

standard are

s indicated in
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Table 5.1
Terminology chart
Terms Refers to:
Input Primary winding input of a transformer and the input of a
power supply
Neon power supply Electronic power supply
Neon supply A neon transformer, neon power supply, cold-cathode

transformer, and a cold-cathode power supply

Neon transformer

Ferromagnetic transformer supply

Output S eary-wirdirg-output-ofa—reen-transfermef and the
output of a power supply
Secondary ground-fault protection Ground-fault protection that responds to 'a ‘grourjd-fault on
the secondary of a neon transformer or bn the qutput of a
neon power supply
6 Glossary
6.1 For the gurpose of this standard the following definitions apply.
6.2 ACCESSYIBILITY BARRIER — A material provided to limit access to uninsulated live pafts and to live
parts insulatgd with materials not intended to be subject to user contact. See Enclosure, .12, when an
accessibility barrier also serves as an enclosure.

6.3 ADHESI
together that

6.4 BALANGQ
isolated from
that equal vq
output load d

6.5 CLASS }
where the o
determined b
Code, ANSI/I

6.6 COLD-C
tubing in a ca

/E — A bonding material (such as epoxy, paste, cement) placed between parts t

ED TYPE — A transformer or power supply construction with two output wind
each other with only one end of'each winding connected to ground. The constr
Itage and current is supplied-to each secondary output leg and an electricg
pes not have detrimental-effects on the load attached to the other output.

CIRCUIT — An electrical circuit derived from a transformer, power supply, or 4

y the current and VA limitations for Class 2 circuits in Article 725 of the Natid
NFPA 70.

adheres to each part, and remains the:securement medium between the parts.

D be fastened

ings that are
Liction is such
| fault in one

attery source

ben-circuit voltage s less than 30 Vrms (42.4 Vpeak) or 60 Vdc with limited energy as

nal Electrical

National Eleg

trical Code. Cold-cathode supplies provided with secondary ground-fault prote

ATHODE’SUPPLY — A transformer or power supply for cold-cathode electric discharge
Id-cathode lighting system used for general illumination in accordance with Artitle 410 of the

Jﬁ

ion may also

be suitable for use in signs and outline lighting systems in accordance with Article 600 of the National
Electrical Code.

6.7 CONDUCTIVE CONNECTION — An electrical connection with an impedance or resistance less than
a value determined by testing.


https://ulnorm.com/api/?name=UL 2161 2016.pdf

10 NEON TRANSFORMERS AND POWER SUPPLIES - UL 2161 APRIL 6, 2016

6.8 CRITICAL COMPONENT — A component that when shorted or open-circuited, adversely affects the
normal operation of a circuit in a way that potentially results in an increased risk of fire or electric shock.

6.9 ELECTRIC DISCHARGE — A method of illumination in which current is passed through a gas
medium. This includes neon, cold-cathode, fluorescent, and high-intensity-discharge types of illumination.

6.10 ELECTRODE-HOUSING TRANSFORMER or POWER SUPPLY — A product provided with
electrode receptacles within an enclosure with no other secondary output means.

6.11 ELECTRODE RECEPTACLE — An insulating receptacle constructed of porcelain, glass, or similar
material, intended to accept electrodes of neon tubing. An individual receptacle is not prohibited from

being provided with an integral outer housing of metal or other material.

6.12 ENCLQ
potential risk
barrier.

6.13 END-P

6.14 FIELD-
part of a mar

6.15 GROUN
source. Also

6.16 GROUN
ground.

6.17 GROUN
connected th

6.18 GTO C
secondary or

6.19 GTO S
definition for

6.20 GUARL
example, hig

6.21 HIGH H

SURE — A material provided to house electrical parts and components*al
of fire. See Accessibility Barrier, 6.2, when an enclosure also servesyas ar

DINT RETURN NEON SUPPLY — A neon supply having one output winding.

nd contain a
accessibility

WIRING TERMINAL — A terminal connection expected to hbemade in the field fjather than as

ufacturing process.

IDED CONDUCTOR — A supply conductor confieeted to ground at the by
known as common or neutral.

IDING CONDUCTOR — A conductor provided to bond the dead-metal of a prg
ID-REFERENCED NEON SUPPLY= A neon supply having the output circuit
fough the chassis or to the equipment grounding means.

\BLE — Gas-Tube-Oil ignition cable. A cable rated for 5, 10, or 15 kV for use
output of a sign or oil furnace and the neon tubing or oil ignition.

ilding supply

duct to earth

conductively

between the

| EEVING — An insulation material specifically identified for use over GTO cable. See the
Sleeving.
— A part2provided primarily for the purpose of limiting user access to con

N-tempgérature or moving parts) having a potential risk of injury to persons.

hponents (for

QWER FACTOR - A transformer construction that at rated output draws a qatio of actual

(true) power

U apparent power of 90%or more.

6.22 INDOOR - Describes a neon supply that is intended for indoor use only where the environmental
air is controlled and conditioned within a moderate temperature range.
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6.23 INDOOR WINDOW TRANSFORMER or POWER SUPPLY — A cord-connected product with
secondary output leads.

6.24 ISOLATED OUTPUT NEON SUPPLY — A neon supply where the secondary or output is not

conductively

connected through the chassis or to the equipment grounding means.

6.25 ISOLATING BARRIER — A barrier provided to maintain separation between circuits of opposite

polarity.

6.26 LUMINOUS TUBE — See definition for Neon Tube.

6.27 MID-POINT NEON SUPPLY — A neon supply having two separate outputs with one lead of each

output (3-out

6.28 MID-PQ
lead.

6.29 NEON
primarily by 6

6.30 NEON
neon tubes.

6.31 NEON
supply currer

6.32 NEON
gas. Also kng

6.33 OPEN
coil windings
1.

6.34 OPEN
another part.

6.35 OPENI|
the potential
referred to ag

6.36 OUTDQ

put leads or terminals) electrically connected to the other.

INT RETURN NEON SUPPLY — A mid-point neon supply provided withya retu

lectronic circuitry. The output frequency is usually greater than 60 Hz.
SUPPLY — A transformer or power supply intended to Supply current to the
TRANSFORMER — A step-up transformer of the, high secondary voltage typ
t to the electrodes of neon tubes.

TUBE — A glass tube that emits light by ‘passing current through one or more
wn as a luminous tube.

CORE-AND-COIL TRANSFORMER — A neon transformer that has no outer co
that complies with enclosure(requirements. This type of transformer is design

HOLE — An aperture\in-an accessibility barrier or enclosure that is not covere
Typically, open holes are provided for ventilation, mounting means, and supplyj
NG — An apgfture in an enclosure that is covered or filled by a plug or knockout
of beconjihg an open hole. Typically, openings relate to supply connectior

a knackout, and accessibility for inspection of splices.

@Ry*¥ Describes a neon supply that is intended for use in outdoor applications

rn terminal or

POWER SUPPLY — A step-up supply source in which the hight putput voltagg is produced

electrodes of

P intended to

types of rare

ering over its
ated as Type

d or filled by
connections.
and that has
s, commonly

and shall be

protected fro

TTdirect contact withthe weather by a buitdingstrocture, sigmbody, or sirmitar

products and

constructions. A product so located is subject to moisture by humidity or condensation or similar water

vapors.

6.37 OUTPUT - The location on a transformer or power supply from which energy is capable of being
drawn by a neon tubing load. On a transformer, this location is commonly referred to as the secondary.
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6.38 OVERVOLTAGE CATEGORIES:

CATEGORY | — Signal Level. Low-voltage electronic logic circuits, remote controls, signaling
and power limited circuits (Class 2 and similar circuits) connected to the Load Level, Category

CATEGORY Il — Load Level. Appliances and portable equipment and similar equipment
connected to the Distribution Level, Category lII.

CATEGORY lll — Distribution Level. Fixed wiring and associated equipment (not electrical
loads) connected to the Primary Supply Level, Category IV.

CAT
distri
entral

6.39 PERFO
for a given el

6.40 POLLU

POLI
no in

POLI
cond

POLI
cond

POLI
dust,

6.41 POTTE
windings or G
an insulating

6.42 POWEHR
Factor.

6.43 PRESS

pution and associated overcurrent protective equipment (equipment installed
hce).

RMANCE LEVEL CATEGORY (PLC) VALUE — An integer that definés a range
ectrical/mechanical property test for polymeric (plastic) materialS!

TION DEGREES:

LlUTION DEGREE 1 — No pollution or only dry, non-egfiductive pollution. The
fluence on conductivity.

ictivity is capable of being caused by condensation.

lUTION DEGREE 3 — Conductive poliation, or dry, non-conductive pollution th
ictive due to condensation.

lUTION DEGREE 4 — Pollution that generates persistent conductivity through
rain, or snow.

D TRANSFORMER<wor-POWER SUPPLY — A transformer or power supply
rcuitry are enclosediin a metal or polymeric container or enclosure and the voi
fluid that becomes’solid, or remains plastic, at operating temperatures.

R FACTOR.= The ratio of true power to apparent power. See the definition fo

URE“WIRE TERMINAL — A wiring terminal that accepts one or more wires fg

FGORY IV — Primary Supply Level. Overhead lines and cable systems mcludig the

the service

of test values

ollution has

lUTION DEGREE 2 — Normally only non-conductive pollution. However, tempgrary

At becomes

conductive

in which the
d is filled with

r High Power

r securement

and for elect

fCal COMNMeTtion to other conductors. TS 1S accomptisted by means of a tigh

ening device

that presses and captures a straight segment of the conductor(s) between conductive surfaces.

6.44 SECONDARY — The output voltage and energy from a winding of a neon transformer.
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6.45 SECONDARY GROUND-FAULT PROTECTION — An output or secondary sensing circuit that
interrupts the input or the output of the supply when a ground fault on the secondary side is sensed.

6.46 SELF-TAPPING SCREWS — Any screw that secures to a material which is not required to be pre-cut
with threads to permit entrance of the screw threads. Other common names for screw types are
sheet-metal, self-threading, thread-cutting, self-drilling, and thread-forming screws. See 10.4 for
requirements for thread-forming screws.

6.47 SLEEVING — A covering, or an insulating or protective sheath, or both, that is intended to cover an
electrical part, such as a conductor, a connection, or a splice.

6.48 SOLVENT — A material that acts as a catalyst on parts to be fastened and results in the fusing of

the parts to €

6.49 SPLICE
pressure-wiri

6.50 STRAIN
provided to r
transformer g
6.51 UNBAL|
are not magn
voltage and (
affects the of]
6.52 UNGR(

6.53 WEATH
without an ad

6.54 WIRE-E
CONSTRUC]
7 Enclosureg
7.1 General

7.1.1 All insd

ach other, after which the material evaporates and no longer exists as a faste

g terminal or wire-binding screw is not determined to be a splice.
RELIEF DEVICE — A knot, bushing, or others means deteriined to be ¢

bduce the risk of strain being transmitted to a wire or cord at\a - termination pd

r sign.

ANCED TYPE — A transformer or power supply desigiiwith one or two output

etically isolated from one another (for example, on@ shunt for two secondary c

urrent in each secondary output is or is not equal and an electrical fault in on

her output.

DUNDED CONDUCTOR — A supply conductor that is determined as "live" or "

ERPROOF — Describes a neon supply that is intended to be directly exposed t
ditional enclosure.

INDING SCREW — A screw-used as a post around which a wire is to be wraf

[ION

lated“and uninsulated current-carrying parts other than supply and output lead

and the cen

er ‘eontact of electrode receptacles shall be enclosed in metal or polymer

hing medium.

— Any point at which one wire is connected to another wire. A wire)terminating at a

quivalent are
int inside the

windings that
re legs). The
e output load

hot.”

D the weather

ped.

5 or terminals
c material in

accordance Wwitlrthe Tequirermemnts i 7-.2-and—7-4-

Exception: A neon supply marked Type 1 in accordance with 47.5 is not required to be provided with an
integral outer enclosure when intended to be installed in an end product having its own enclosure that
complies with the Standard for Electric Signs, UL 48.
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7.2 Metallic enclosure
7.2.1 A metallic enclosure shall have a metal thickness that complies with Table 7.1.

7.2.2 The values for minimum metal thickness apply to measurements made before the application of
paints, varnishes, or coatings.

Table 7.1
Minimum thickness of enclosure metal

At small, flat, unreinforced
surfaces and at surfaces of a
shape or size to provide the At surfaces to which a wiring
required mechanical system is to be connected in At large unfeinforced flat
strength, the field, suffaces,
Metal in (mm) in (mm) in (mm)

Die-cast 0.047 (1.2) - - 0.078 (2.0)
Cast malleableliron 0.063 (1.6) - - 0.094 (2.4)
Other cast metgl 0.094 (2.4) - — 0.125 (3.2)
Uncoated sheej steel 0.026 (0.66) 0.026 (0.66) 0.026 (0.66)
Zinc-coated she¢et steel 0.029 (0.74) 0.029 €0.74) 0.029 (0.74)
Nonferrous sheet metal 0.030 (0.76) 0.040 (1.02) 0.030 (0.76)

7.3 Corrosioh protection

7.3.1 Except|at the edge of cut ends and holes, the intethal and external surfaces of an endlosure of iron
or steel, oth¢r than stainless steel, or an internal surface covered with compound shall|be corrosion
resistant. Expmples of corrosion resistance means capable of being used are galvanizing, painting,
plating, and ¢nameling or other means determined to be equivalent.

7.3.2 Lamingtions, and other parts of ironlor steel such as washers and screws or a part that does not
act as an englosure, accessibility barrier,-water shield, or a current-carrying part, are not required to be
provided with corrosion protection.

7.4 Polymerit enclosure

7.4.1 An endosure of palymeric material (thermoplastic or thermosetting) used to provide all or part of the
enclosure for| electricalparts as specified in 7.1.1 shall comply with the requirements in 7.4|2 — 7.4.9.

Exception Ng. 1. A-neon supply marked Type 1 in accordance with 47.5 is not required to comply with
this requirement. T

Exception No. 2: When a neon supply is completely potted and the potting material complies with the
enclosure requirements specified in 7.4.4, the polymeric material external to the potting shall have a
minimum flammability rating of HB.
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7.4.2 A material shall comply with the requirements specified in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C, and as amended in this section. For permanently-
connected neon supplies, the requirements for fixed equipment in UL 746C are applicable.
Cord-connected neon supplies shall comply with the requirements for portable equipment in UL 746C.

7.4.3 A polymeric enclosure material shall be rated with both an electrical and a mechanical (with impact)
relative temperature index in accordance with the Standard for Polymeric Materials— Short Term Property
Evaluations, UL 746A, of not less than the maximum operating temperature of the enclosure material
measured during the temperature test as described in the Temperature Test, Section 30.

7.4.4 For a neon supply intended for permanent connection to a source of supply, the minimum
flammability rating for a neon supply enclosure shall not be less than 5 VA, and minimum V-2 for a neon
supply with af detachable or non-detachable power supply cord.

7.4.5 A potting material shall have a flammability rating of minimum V-2.
Exception Nd
located withi
rating of HB.

. 1: A potting material that either encapsulates all insulated and uninsulated ljve parts or is
0 a metal or polymeric enclosure complying with 7.4.4 shall have a minimum flammability

Exception N( i to be tested

for flammabi

. 2: A potting material of the thermosetting type, such as.epoxy, is not require
ty.

7.4.6 For all|neon supplies, only the HAI and CTI propertiesishall be applied, and the CTIl gand HAI PLC
values shall mot be greater than 2.
Exception: A thermoset material such as epoxy is notrrequired to comply with this requirement.
7.4.7 The impact evaluation in the Standard_for Polymeric Materials — Use in Electric
Evaluations, UL 746C, shall include only the fall impact test.

bl Equipment

7.4.8 The mold stress-relief distortiodsevaluation in the Standard for Polymeric Materipls — Use in
Electrical Eqlipment Evaluations, UL\746C, shall be conducted only by the air oven methodl, not the test
cell method.

Exception: 4

7.4.9 The pdg
with the wate
Polymeric M4

\ thermoset material such as epoxy is not required to comply with this require

lymeric efclosure of a neon supply marked for use in weatherproof locations
r exposure, immersion and ultraviolet radiation exposure requirements in the
iterialS’= Use in Electrical Equipment Evaluations, UL 746C.

ment.

shall comply
Standard for
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8 Accessibility Barriers

8.1 All uninsulated or insulated current-carrying parts operating at a voltage greater than 30 Vrms (42.4
Vpeak) shall be protected against the risk of contact in accordance with 8.4 by an accessibility barrier in
accordance with 8.6 during normal use, maintenance, or servicing.

Exception: A neon supply is not required to have the coil, input, and output connections made
inaccessible where identified as "Exposed' in Construction Type Designation, Table 1.1, when it is
marked with the intended designation type as identified in Table 1.1.

8.2 Under conditions of normal use, uninsulated current-carrying parts of a cord-connected neon supply
operating at a voltage greater than 30 Vrms (42.4 Vpeak) shall be guarded in accordance with 8.3 from
contact by thg straight mefal sirip specified in 8.5.

8.3 All uningulated current-carrying parts of a cord-connected neon supply that~tesult |in ignition of
combustible materials when shorted together shall be guarded from contact in aceordance jwith 8.1, with
the straight metal strip specified in 8.5, so that a short or arc is not capable @b resulting|in ignition of
materials.

8.4 A currenf-carrying part is determined to be accessible when the articulate probe shown|in Figure 8.1
is capable of| contacting the part. The probe shall be applied to any depth that an opening permits and
with a force ot greater than 1 Ibf (4.4 N). The probe shall be rotatéd or angled before, durjng, and after
insertion through an opening to any position that is required to€xamine the neon supply. The probe shall
be applied in any possible configuration and, when required, the configuration is to be ¢hanged after
insertion thropgh an opening.

8.5 A current-carrying part of a cord-connected neon* supply is determined to be accessible when a
straight metal strip measuring 2-in (51-mm) long,1/2-in (12.7-mm) wide, and 1/16-in (1.6{mm) thick, is
capable of contacting the current-carrying part, when inserted into an opening with a force not greater than
1 Ibf (4.4 N).
8.6 An accegssibility barrier shall be cofstfucted of one of the following materials:

a) Metal (ferrous, aluminum; brass, zinc, or copper), minimum 0.016-in (0.41-mm) thick;

b) Glass, porcelainf/or-ceramic, minimum 1/8-in (3.2-mm) thick;

c) Impregnated’glass fiber sleeving minimum 0.01-in (0.25-mm) thick, that is rated [for the
tempgrature (involved:;

d) Vulcanized fiber, minimum 0.028-in (0.71-mm) thick;

e) A polymeric material that complies with 8.7; or
f) Mica sheet, minimum 0.016-in (0.406-mm) thick where framed by other material.

Exception: An accessibility barrier is not required to be of the minimum thickness specified when during
and after the application of a force of 10 Ibf (44.5 N) over an area of 1 in? (6.45 cm?) to the barrier, the
force applied does not result in permanent or temporary distortion, breaking, or cracking of the barrier
where current-carrying parts become accessible to the probe or spacings between metal parts are less
than required in Spacings, Section 24.
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Figure 8.1
Articulate probe with web stop
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8.7 A polyme

ric material used to form an accessibility barrier shall:

a) Be rated for at least the maximum operating temperature of the barrier as measured by the

Temp

erature Test, Section 30;

b) Be classified at least HB in accordance with the Standard for Tests for Flammability of

Plasti

¢ Materials for Parts in Devices and Appliances, UL 94; and

c) Comply with minimum property and test requirements in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C. The minimum properties are 30
s ignition time (maximum assigned PLC 3) for hot-wire ignition (HWI) and 60 arcs (maximum
assigned PLC 1) for high-amp arc ignition (HAI). The property test requirement is the Mold

Stred

8.8 When an
exceeding 1d
barriers and
personnel si
insulating ma

9 Openings

9.1 Open ho

a) The open holes shall not be larger than the dimensions specified in Table 9.1;

b) The open holes shall not be located on a Surface intended to face the material 1

neon

c) The open holes comply with the aceessibility requirements in Accessibility Barrie

8.

Exception:
accordance |

S-Reliet Distortion Test of UL 740C.

accessibility barrier is provided to protect against risk of contact with eurrent-
00 Vrms (1414 Vpeak) to ground, the combination of the barrier material, spa
live parts, and any other material between current-carrying parts‘and the us
le of the barrier shall comply with the dielectric voltage-withstand test fo
terials as described in 31.3.1 — 31.3.5.

hnd Open Holes

es in an enclosure or accessibility barrier shall camply with the following:

supply is to be mounted; and

An open hole that exceeds the dimensions in Table 9.1 is not prohibited wh
vith Figure 9.1 is proyided.

carrying parts
cing between
er or service
r barrier and

0 which the

rs, Section

en a baffle in
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Table 9.1
Maximum size of miscellaneous open holes

Opening shape Dimension, Maximum area,

in (mm) in? (cm?)
Slot? 3/8 (width) (9.5) 1-1/2 (9.68)
Square 1/2 (side) (12.7) - -
Round 1/2 (diameter) (12.7) - -
Irregular - - 1-1/2 (9.68)
a An open hole between two assembled parts that does not exceed 1/32 inch (0.8 mm) is not required to comply with the area
limitation.

Figure 9.1
Relationship of baffle and electrical part to prevent emission

——X_—

ENCLOSURE
OPENING |
ELECTRICAL [
PART 7
— M
BAFFLE —«///’ Z
? |
IN WHICH: X\<1/4 INCH (6.35 mm)
Y¥=M
Z=2X
— X f-—
S3373

9.2 A cover over an open hole in an enclosure shall be provided with means (such as screws, spot
welding, or similar securement methods) for firmly securing it in place. Friction alone shall not be used for
this purpose.

9.3 A switch or other wiring device shall not be mounted to a cover that is required to be removed for
connection of circuit conductors or servicing adjustments.



https://ulnorm.com/api/?name=UL 2161 2016.pdf

20 NEON TRANSFORMERS AND POWER SUPPLIES - UL 2161 APRIL 6, 2016

9.4 When more than one open hole is provided for supply connections or provided for output connections,
all open holes shall be covered such that they exist as knockouts only.

9.5 A knockout provided over a supply or output conduit open hole shall completely cover the opening in
which it is located. The knockout thickness shall comply with the requirements for enclosures. The open
hole dimensions between the opening cover and the enclosure shall not exceed the maximum open hole
dimension sizes as specified in Table 9.1.

9.6 A knockout shall be secured and yet removable without undue deformation of the enclosure as
determined by compliance with the knockout test as described in 39.2.1 and 39.2.2.

9.7 A knockout provided in a polymeric enclosure shall comply with the Standard for Nonmetallic Outlet

Boxes, Flush
10 Securem

10.1 A neon
resist the aby
to persons (
displacement

10.2 An adh
parts togethd
potential risk
Use in Electr

10.3 Securement methods that result in two or more ‘materials being joined and fused toge

solvent, ultra
and are not r

10.4 A threa
secure a cov
field installati

[Device Boxes, and Covers, UL 514C.
bnt of Parts

supply shall be formed and assembled so that it has the strengthCand rigidi
ses to which it is to be subjected, without increasing the risk offfire, electric sh
ue to total or partial collapse which results in a reduction, of spacings,
of parts, or other serious defects.

psive (see 10.3 for a solvent) used to secure the eneldsure, guard, and acces
r and at any other location for which the reliability’ of the securement me
of shock, shall be investigated in accordance with the Standard for Polymer
cal Equipment Evaluations, UL 746C.

bonic welding, electromagnetic induction, and thermal welding, are not defined
equired to be investigated.

H-forming screw having criss=¢cross cut threads as shown in Figure 10.1 shall n
er or component or be utilized as a terminal type screw that is removed or re
DN Or servicing.

y required to
ock, or injury
loosening or

sibility barrier
hns affects a
c Materials —

ther, such as
as adhesives

ot be used to
blaced during
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11 Sharp Ed

11.1 An edg
accessible to

smooth and

use, or mainf

12 Mounting

12.1 A neon
Examples of

12.2 A moun

Tests, Sectio

Figure 10.1
Example of thread-forming screw

S3710

ges

e, projection, or corner of an enclosure, frame, barrier, guard, or similar g
contact during and after installation or as part of user maintenance and sery,
ounded to reduce the risk pfta cut-type injury when contacted during installa
enance.

supply shall be'provided with a means of securing it to a surface to which it is tq
mounting Means are openings in the frame and other parts.

ting means that relies on a polymeric material for support shall comply with th
h 39,

arts that are
cing shall be
ion, intended

be attached.

e Mechanical
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13 User Accessible Controls

13.1 A user accessible control or adjustment of a neon supply shall:

a) Be accessible without removing the enclosure and

b) Be located where uninsulated live parts are guarded by accessibility barriers in accordance

with 8.1 — 8.8.

13.2 The operation of a user accessible control or adjustment shall be included in the neon supply
installation and operating instructions as specified in Instructions, Section 49.

14 Supply C

14.1 Permari

14.1.1 A ne

designated a

ently-connected supplies

bnnections (Does Not Include Equipment Grounding)

bn supply intended to be permanently connected to a source‘\of building
s Type 3, 4, 5, or Weatherproof, shall be provided with open‘holes or knod

without condtit fittings for supply and output connections in accordance with,14.1.2 and 14(1.3.

Exception:

with 47.7 is 1

14.1.2 When

or both, no o

14.1.3 Open

Table 14.1
Conduit ©pening dimensions

\ neon supply intended and marked for connection onlyto a Class 2 circuit i
ot required to be provided with supply connection opéeh holes or knockouts.

ngs for conduit shall have dimensions aS.indicated in Table 14.1.

supply and
kouts with or

N accordance

more than one opening is provided for either a‘power supply connection, outpyit connection,
bening for supply or output connections shall*éxist as an open hole.

Nominal tradg

size of

Unthreaded opéning

Threaded opening — throat diameter

Mipimum unobstructed

conduif, diameter @*size, Minimum, Maximum, digjneter of flat surface,
in (mm) in (mm) in (mm) in (mm) n (mm)
1/2 (12.7) 0.875 (22.2) 0.56 (14.2) 0.62 (15.7) 1.15 (29.2)
3/4 (19.1) 1109 (28.2) 0.74 (18.8) 0.82 (20.8) 1.45 (36.8)
1 (25.4) 1.375 (34.9) 0.94 (23.9) 1.05 (26.7) 1.80 (45.7)
1-1/4 (31.8) 1.734 (44.0) 1.24 (31.5) 1.38 (35.1) 2.31 (58.7)

a A plus tolerar

diameters are {

ce of 0,031 in (0.79 mm) and a minus tolerance of 0.015 in (0.38 mm) applies to the knockout di
bbe)measured other than at points where a tab attaches the knockout.

meter. Knockout

14.1.4 An opening for the conduit shall have the dimensions as indicated in Table 14.1, and shall comply
with the following:

a) The opening shall be constructed to properly attach a conduit bushing;

b) The minimum unobstructed diameter of the flat surface surrounding the back of a threaded
or unthreaded conduit opening shall be as indicated in Table 14.1; and

Exception: A minimum unobstructed area surrounding the back of a threaded conduit opening is
not required when the threads are not formed through the entire length of the hole.
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c) At least 3-1/2 to 5 threads shall be provided when the threads are not formed through the
entire length of the hole, or at least 5 threads when the threads are formed through the length
of the hole.

14.1.5 A field-wiring compartment provided as part of a neon supply shall be located so that the
connections are accessible for inspection without disturbing wiring connections after the neon supply is
installed as intended.

14.1.6 The attachment means of a field-wiring compartment shall not result in incidental rotation of the
compartment.

14.1.7 A neon supply that incorporates one or more of the following supply-circuit components in which

polarity is to
(neutral or cg

a) S
b) O
c) Si
d) s
e) A

14.1.8 When
leads and ter

Exception:
the output fig
being located
end of the er

14.2 Supply

14.2.1 A fielg
be capable o

Exception:
is not require

be maintained shall have one lead or terminal 1dentified for the connection. g
mmon) conductor of the supply circuit:

ngle pole switch,

vercurrent device,

ngle pole interrupt component,

ngle pole overtemperature component, or

Ny other component or construction feature thatrelies on maintaining polarity.

a field-wiring compartment is provided onf@ neon supply, the input and outp
minals shall not occupy the same compartment.

(Vhen the input field-wiring leads and-terminals are located at one end of a neg
Id-wiring leads and terminals are)located at the opposite end, they are not p
in the same neon supply enclosure when a conduit connection means is pro
closure.

terminals

-wiring terminal shall be of the pressure-wire connector or wire-binding screw
F being used for connection to solid 10 — 14 AWG (5.3 mm? — 2.1 mm?) cond(

\ field-wiring terminal that complies with the Standard for Wire Connectors, U
d to be further investigated.

f a grounded

ut field-wiring

n supply, and
ohibited from
vided at each

ype and shall
ctors.

| 486A-4868,

14.2.2 A preSsure-type wire termimat stiattcomply withrthe—Standard—for Equipment - Witing- Terminals for
Use with Aluminum and/or Copper Conductors, UL 486E.

14.2.3 A wire-binding screw terminal shall either comply with the Standard for Terminal Blocks, UL 1059,

or:

a) Shall be No. 8 (4.2 mm) diameter or larger where the head of the screw and a baseplate

shall

cover at least three-quarters of the conductor as illustrated in Figure 14.1 and

b) The base plate shall have a tapped hole of metal not less than 0.030-in (0.76-mm) thick and

shall

not have fewer than two full threads in the metal.
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Exception No. 1: A terminal plate metal of less than 0.030-in (0.76-mm) thick is capable of being used,
when a tapped hole for a screw having 32 or more threads per inch is provided and the metal extruded
at the screw hole provides two full threads.

Exception No. 2: A wire-binding screw terminal is not required to comply with UL 1059 when it complies
with 40.1 and 40.2.

Figure 14.1
Terminal and conductor relationship

1
’_\
e o~

A — Wire-binding screw
B — Conductor
C — Baseplate
D — Diameter of|conductor

E — Minimum hejght of raised area shall be 0.04 inch (1.0 mm)

F — The horizonfal dimension from the edge of the sgrew head to the inside edge of the raised area shall be maxifnum 1/64 in (0.4
mm)

14.2.4 A wirg-binding screw.and an individual stud with nut shall be provided with a means |of captivating
a conductor guch as a cupped washer or screw having a raised ridge on the outer edge of the underside
of the screw head.

Exception: A wire-Binding screw that is secured in a base material that complies with 14.23 and Figure
14.1 is not rdquired to be provided with additional means.

14.2.5 A terminal intended for connection of a grounded supply (neutral) conductor shall be made of or
plated with metal substantially white or silver in color and no other terminals shall be white or silver in
color.

Exception: A terminal intended for connection of a grounded supply (neutral) conductor is not required to
have a distinguishing color when marked on or adjacent to the terminal with the words
“NEUTRAL,™COMMON,” “N,” or when the symbols “-" and “+” are provided on the supply terminals. The
lettering and symbols shall be minimum 1/4-in (6.4-mm) high. Ink, paint, die-stamping and other similar
marking means are not prohibited from being used as the marking method.
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14.3 Supply

leads

14.3.1 A field-wiring lead shall not be smaller than 18 AWG (0.82 mm?3).

14.3.2 The free length of a field-wiring lead shall not be less than 6 in (15.2 cm). Free length is measured

from the poin

t of entry of the lead into the wiring compartment to the free end of the lead.

14.3.3 The insulation of a lead intended for the connection of a grounded supply conductor (neutral or
common) shall be white or gray and readily distinguishable from other supply leads.

14.3.4 The insulation of a lead intended for the connection of an ungrounded supply conductor (hot) shall

be any color

other than white, gray, green, or green with yellow stripe.

14.3.5 A strg
the electrical
determined b

14.4 Cord- a

14.4.1 A nec
shall be prov
supply cord.

Exception:
use in an en
required to b

14.4.2 A pov
Type SPT-2,

14.4.3 A flex
measured frd

provided, to the point where the cord\enhters an attachment plug.

Exception:
neon supply
that has bee

14.4.4 Strain
supply cord f
evaluated by

connection inside a neon supply. The acceptability of the strain-relieh me
y the Strain and Push-Back Relief Test, Section 35.

hd plug-connected supplies

n supply that is not provided with means for permanentcconnection to a sou
ided with either a connector and detachable power supply cord or non-deta
The connector and supply cord shall be of the groundifig (three-conductor) typ

\ neon supply with no accessible dead-metal parts and evaluated only as a ¢
d product that is determined to comply withthe Standard for Electric Signs,
b provided with a supply cord of the grounding type, when marked in accordal

er supply cord shall be minimum 18;AWG (0.82 mm?) and be of Type SP-2,
or heavier usage.

ible supply cord shall be minimtm 6 ft (1.83 m) and maximum 15 ft (4.57 m
m the point where the cerd-emerges from a neon supply, or after any strain

\ flexible supply eord shall be permitted to be minimum 1.5 ft (0.46 m) in len
s only for use in wall-mounted signs and covered as a component for use in a
) determined\to- comply with the Standard for Electric Signs, UL 48.

and push-back relief shall be provided to reduce the risk of mechanical stress
om_being transmitted to terminals, splices, or interior wiring. The strain-relief mj
theyStrain and Push-Back Relief Test, Section 35.

in relief shall be provided on field-wiring leads so that stress on a lead is hot jransmitted to

ans shall be

rce of supply
chable power
e.

lomponent for
UL 48, is not
ice with 48.5.
Type SPE-2,

in length as
-relief means

yth, when the
h end product

on the power
eans shall be

14.4.5 Where a knot in a flexible power supply cord serves as strain relief, the surface upon which the
knot contacts or bears shall not have burrs, fins, sharp edges, and projections that damage the insulation
on a cord.
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14.4.6 An insulating bushing shall be provided at the point where a flexible supply cord passes through
an opening in a metal enclosure or through a non-rounded opening of a polymeric enclosure. The bushing

shall be secured in place and have a smooth, rounded surface against which the cord bears.

Exception:
type.

The bushing for a flexible cord heavier than Type SVT is not required to be of the insulating

14.4.7 The attachment plug of a cord-connected neon supply shall be rated for a 15- or 20-A branch

circuit.

Exception: A cord-connected neon supply with a supply voltage of less than 30 Vrms (42.4 Vpeak) is not
required to be provided with an attachment plug rated for a 15- or 20-A branch circuit.

14.4.8 When
is required in
attachment p
cord such as
grounded (ne

14.4.9 A thr
identify groun

conductor within the jacket colored green or green with a yellow stripe and the grounded c(

be colored w
14.5 Source

14.5.1 A ned
means for co
in accordanc

Exception N{
ONLY to a
required to b

filled in with @ voltage less than 3Q Vrms.

Exception N
accommodat
with a mean{

Exception N(
provided with

a two-conductor flexible cord is provided for connection to the source of suppl
accordance with 14.1.7, the conductors shall be connected to a polarized
ug with the identified grounded conductor (neutral) connected to thenwider bla
Type SPT-2 shall have a stripe, ridge, or groove on the exterior,0f_the cord s

utral) conductor for identification.

be-conductor flexible cord with ground shall be provided ‘with conductor id
ded and grounding conductors. A jacketed cord such as a SJT type shall have

hite or gray.

of supply other than a branch circuit
n supply intended to be supplied by a transformer or power supply shall be pr
hnection to the output of the transformer or power supply using a permanent V
b with the National Electrical Code,\ANSI/NFPA 70.

. 1. A neon supply provided with internal fusing of maximum 5 A and mar

Rated _ Volts, Class 2-Jransformer or Power Supply' in accordance wit]
e provided with a means_for connection to a permanent wiring system. The

D. 2: A neon supply rated for maximum 30 V input and provided with a
b the cord connector on the end of either an ac or dc adaptor, is not required Hi
to connectto a permanent wiring system.

a miéans for connection to a permanent wiring method.

y and polarity
parallel-blade
de. A parallel
urface of the

pntification to
he grounding
nductor shall

ovided with a
viring method

ed " Connect
h 47.7 is not
lank shall be

receptacle to
D be provided

. 3. A\neon supply marked for use on vehicles in accordance with 48.4 is not fequired to be

14.5.2 A Class 2 transformer or power supply shall be provided with each neon supply marked "Connect
ONLY to a Class 2 Transformer or Power Supply.”

Exception No. 1: A Class 2 transformer or power supply is not required to be provided with each neon
supply when the neon supply is internally fused for maximum 5 A and is marked "Connect ONLY to a _
Volts, Class 2 Transformer or Power Supply." The blank is to be filled in with a rated voltage less than 30
virms.

Exception No. 2: A Class 2 transformer or power supply is not required to be provided with each neon
supply when provided with a receptacle to accommodate the cord connector on the end of either an ac or
dc adaptor.
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15 Equipment Grounding

15.1 All conductive parts of a neon supply shall be grounded through a direct connection to equipment
grounding or shall be bonded to a point on the neon supply that connects to equipment grounding, when
the conductive parts of a neon supply are:

a) Not intended to be electrically live;

b) Accessible to the accessibility probe in the Accessibility Barriers, Section 8; and

c) Capable of becoming energized.

Exception N(
identified as

Exception N
separated frg
material, mir
(3.2-mm) thid
31.3.1.

Exception N{

. 1. An adhesive-attached metal Toll marking label secured to the outside of-am enclosure is

material that does not become energized.

D. 2. A dead-metal part is not required to be conductively connected to

m live current-carrying parts having a voltage potential less than @00 V, by r
imum 1/8-in (3.2-mm) thick. The insulating material is permitted to be les
k when, at the highest voltages involved, the material is detetmined to be in co

. 3: The external mounting hardware of a neon supply is identified as part

become enelgized.

16 Equipment Grounding Means

16.1 Generdl

16.1.1 A neq
required to p
connect to th

16.1.2 The ¢
connection

n supply having parts that are required to be connected to equipment grot
rovide a grounding connection, when cord-connected shall be provided with
At ground. The means shall be by terminal or lead.

oint of connection to the_equipment grounding shall be within 6 in (15.2 cm)
eans, within the supply-connection compartment, when provided, and where n

be removed ¢luring normal maintenance and servicing.

16.1.3 A wir
conductor, s

washer or ot}

-binding scréw; stud, or other device, provided for the connection of a groundi
cured to{dead-metal with a non-conductive coating surface shall be providg
er device to penetrate the coating.

16.1.4 A gro

ground when
gid insulating
s than 1/8-in
mpliance with

5 that do not

nding or are
he means to

of the supply
pt required to

hg or bonding
d with a star

Lnded conductor (neutral) shall not be connected to any grounding or bondir

g terminal or

lead in or on

thesurface of a eom supply-
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16.2 Ground

16.2.1 A gro

ing terminal

unding terminal shall be:

a) A pressure-wire terminal that complies with 16.2.2, and the Standard for Wire Connectors,
UL 486A-486B, or the Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors, UL 486E;

b) A
c) A

16.2.2 A pre
plainly identi
marked with

16.2.3 A gro
conductors.

16.2.4 A wi
conductor is
screw. This i

16.2.5 A wirg
have a green

16.2.6 The h
14.1.

wire-binding screw that complies with 16.2.3 — 16.2.8; or

wire-binding stud that complies with 16.2.3 and 16.2.9.

ESure-wire terminal intended as connection of the equipment-grounding cond
ied as "G,” "GR,” "GND," "Ground,"” "Grounding,” or similar identification
he symbol shown in Figure 16.1.

Figure 16.1
Grounding symbol

S

Lnding terminal shall be rated for cennection to solid 10 — 14 AWG (5.3 mm

e-binding screw provided for the connection of a field installed equipme
to be provided with a means to restrain the conductor and retain it under the
5 to be done by a cupped“washer or a raised projection in accordance with Fig

b-binding screw forythe connection of a field installed equipment-grounding cd
colored head that is either hexagonal or round with a slotted or Phillips-keyed

16.2.7 A wirg¢-hinding screw shall be No. 8 (4.2 mm) diameter or larger.

ictor shall be
markings, or

F — 2.1 mm?)

nt-grounding
e head of the
ure 14.1.

nductor shall
head.

ead of awire-binding screw shall cover at least 3/4 of the conductor as illustrated in Figure

16.2.8 The baseplate of a wire-binding screw shall be metal, not less than 0.030-in (0.76-mm) thick, and
have a threaded hole with no fewer than two full threads.

Exception:

The base plate is not prohibited from being less than 0.030-in (0.76-mm) thick, when a

threaded hole for 32 or more threads per inch is provided and the metal around the screw hole is extruded
to provide two full threads.
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16.2.9 A wire-binding stud shall be provided with a:

a) Cupped washer and

b) Hexagonal nut. The nut shall be green in color or the area adjacent to the terminal shall be
marked in accordance with 16.2.2.

16.3 Grounding leads

16.3.1 The conductor of a grounding lead shall not be smaller than 18 AWG (0.82 mm?).

16.3.2 A grounding lead shall have insulation that is green with or without one or more yellow stripes. No

other lead vid

16.3.3 A gro
free length.

16.3.4 A gro
Relief Test, §

16.4 Ground

16.4.1 For a
15, the groun
a grounding-
enclosure of

16.4.2 The npeans to secure the equipment-groundinig conductor shall not serve any other f

as that of an
removed for

Exception:
serves anoth
conductor is

16.4.3 When a flexible cgrd—for supply connection includes an equipment-groundin

conductors 0

ible T0 an installer shall be so identified.
unding lead shall have a free length of at least 6 in (15.2 cm). See 14,3.2 fo
Linding lead shall be provided with strain relief that complies with the Strain an
ection 35.

ng, cord-connected neon supplies
neon supply that is required to be grounded as speeified in Equipment Groun

ding conductor of a flexible power supply cord shall be connected to the grourn
type attachment plug and shall be connected to dead-metal parts within

I definition of

d Push-Back

ding, Section

ding blade of
the frame or

A neon supply by means such as welding,.Soldering, a screw or stud, nut, andl lockwasher.

enclosure securement screw. TheNmeans shall be located on a part that is
bervicing.

[he equipment-grounding~eenductor is not prohibited from being terminated a

er purpose when that part of the neon supply is potted such that the equipm
hot removable during. servicing.

the flexible ‘cord shall be connected to a parallel-blade, 3-wire grounding atts

unction, such
not normally

a screw that
bnt-grounding

j conductor,
chment plug.
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17 Bonding

17.1 All parts required to be grounded shall be conductively connected to the grounding terminal, lead, or
pin of an attachment plug such that the resistance between ground and any accessible point is 0.1 Q or
less. Compliance is determined by conducting the grounding continuity test as described in the Grounding
Continuity Test, Section 34.

Exception: A neon supply having a power supply cord longer than 10 ft (3 m) shall have a grounding
continuity resistance not to exceed 0.15 Q.

17.2 Bonding shall be accomplished by positive metal-to-metal contact of parts such as screw
connections, rivets, bolts, soldering, or welding; or by a separate bonding conductor not smaller than 18

AWG (0.82 nfim):.

17.3 A bond

17.4 The co
material. An
threads into
material not

17.5 A neon
of the equipn
and remains
and unfasten
18 Internal V|
18.1 Generdl

18.1.1 A con
condition of g

Exception:

ng conductor shall be of copper or copper alloy.

ntinuity of a grounding system shall not rely on the dimensional\integrity o
example of dimensional integrity is when a screw terminal holding a ground
br through a polymeric material and the continuity of the conhegtion relies on
hanging its shape.

supply bonding lead shall not be terminated at a grounding terminal intended fi
ent-grounding conductor unless it is secured sepafately from the equipment-gr,
in place and securely fastened while the equipment-grounding conductor is b
d to the terminal.

/iring

ductor provided with insulation Shall have insulation rated for the voltage, tem
ervice to which it is subjected to under conditions of intended use.

[he insulation of a cenductor is not required to be rated, when surrounded by

a polymeric
ng-conductor
he polymeric

DOr connection
punding lead,
bing fastened

perature, and

potting.
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18.2 Prevention of wire damage

18.2.1 Conductors shall be securely routed at least 1/4 in (6.35 mm) from, or protected to prevent contact
with, any sharp edge, burr, fin, or similar abrading surface that is capable of damaging the conductor
insulation. A screw shall be identified as having a sharp edge unless the screw threads and screw ends

have been evaluated and determined to be blunt.

Exception:

Conductors are not prohibited from being spaced less than 1/4 in (6.35 mm) from, and

maintaining no contact with, sharp edges and similar surfaces when located within a potted cavity.

18.2.2 The edge of a sheet metal opening through which insulated conductors pass shall be provided with

a bushing or

grommet.

Exception Nd
more.

Exception Ng
by reaming g

19 Internal B

19.1 An eleg
connector, @
component |
capable of be

Exception:
be provided

19.2 A mech
insulation m4g

Exception:
insulation.

19.3 When s
shall be such

. 1: A smooth, rounded surface is to be provided by rolling the edge of an.op
. 2: The edges of sheet metal thicker than 0.042 in (1.07 mm) is required to o

r by other methods determined to be equivalent to remove burrs) fins, and shé
lectrical Connections (Other Than Output Circuitry)

trical connection shall be electrically and mechanically secure. A screw, a cr
pressure-wire terminal, a quick-connect terminaly’a wire-binding screw,

bad through a hole in a printed-wiring board ‘that is soldered are examples

ing used.

\ surface-mounted technology type component on a printed-wiring board is n
with a wire or a component lead through a hole in the board before soldering.

anically secured and soldered splice or an uninsulated wire connector shall be
terial determined as equivalent to that required of the conductors.

A splice or wire connector surrounded by potting is not required to be cov

that no loose . strands result.

ening 120° or

nly be treated
irp edges.

mp-type wire
or a wire or
5 of methods

Dt required to

covered with

pred by such

tranded internalwiring is connected to a wire-binding screw or stud terminal, the¢ construction
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20 Output

20.1 Output ratings

20.1.1 A Type 1 neon supply shall have a rated output voltage not greater than 7500 Vrms between
terminals or leads and for all other Types, 15,000 Vrms between terminals or leads, or 7500 Vrms

between any terminal or lead and ground, as determined under the conditions specified in 29.1.1 — 29.1.5.

20.1.2 The output of a neon supply shall not be rated for more than 300 mA. The output of a cold-cathode
supply shall not be rated for more than 150 mA when the open-circuit voltage is more than 7500 V. See

also 29.2.1, 29.2.2, and 29.2.4.

20.2 Output

20.2.1 The ¢
connector, a
comply with ]

20.2.2 For 4
readily captu

20.2.3 The d
(0.82 — 2.1

20.2.4 An oytput return terminal shall be separate fromthe equipment-grounding mean;

erminals

onnection of an output field-wiring terminal shall be by means suchnas a
vire-binding screw, a wire-binding stud and nut, or similar parts. The eonnectio
16.2.1.

wire-binding screw, or wire-binding stud and nut, a cupped\washer or othe
es a stranded conductor shall be provided.

utput field-wiring terminal shall be rated for connectien to a solid or stranded !
m?2) conductor.

bressure-wire
h means shall

r means that

|18 — 14 AWG

5 specified in

Equipment Gfrounding Means, Section 16.
20.2.5 An odtput return terminal shall be located in<an area adjacent to the output leads orf terminals.
20.3 Output gables
20.3.1 An oytput cable shall:
a) Cpmply with the Standard for Gas-Tube-Sign Cable, UL 814;
b) Have conductorg hot less than 18 AWG (0.82 mm?);
c) Have insulation rated at least as high as the maximum voltage between conducfors; and
d) Hpave_insulation rated for at least the temperatures involved, and not less than 1J05°C
(2219F).

20.3.2 An output cable shall be provided with at least 6 in (15.2 cm) of free lead length either within the
box or compartment or outside the neon supply enclosure. See 14.3.2 for definition of free lead length.

20.3.3 The maximum length of each output cable shall not be more than 20 ft (6.1 m) as measured from
where the lead exits the enclosure to the end of the lead.
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20.3.4 At a point where an output cable passes through a metal partition, including an enclosure wall, a
non-metallic bushing that spaces the lead at least 1/4 in (6.4 mm) from the edge of the metal partition shall
be provided.

Exception: A non-metallic bushing that spaces the lead less than 1/8 in (3.2 mm) from the edge of the
metal partition is not prohibited when it complies with the requirements for its intended use.

20.3.5 An output cable shall be provided with a strain relief that complies with the Strain and Push-Back
Relief Test, Section 35.

20.3.6 A cord-connected neon supply provided with output leads and designated as Type 7, shall be
provided with a collar secured to, or that is a part of, the enclosure around each output lead. Each collar

shall be at le

Exception:
leads and eit

a) Tl

RSt 0.375 1 (9.53 mm) Tong and 0.375 1 (9.53 mm) N diameter.

A\ collar is not required on a neon supply when GTO sleeving is provided o\
her:

ne sleeving is integral to the output leads or

er the output

b) The sleeving is not integral to the output leads. The sleeving ‘extends to within 2 in (50.8
mm) |of the free end of the output leads and the sleeving is, pfovided with strain relief within the
neon| supply enclosure.

20.3.7 An output return cable shall be separate from thexequipment-grounding meang specified in

Equipment Gfrounding Means, Section 16.

21 Input/Output Isolation

21.1 The oufput of a neon supply shall be provided with an isolating-type transformer.|The level of

isolation shal

21.2 The ou
shall be isolg
29.1.1.

be in accordance with Input to@utput Isolation Test, Section 33.

put of a neon supply thatsis’not conductively connected within the neon sup
ted from ground in accerdance with 23.5, and have an output voltage in acd

pbly to ground
ordance with

21.3 The output of a neon stpply that is identified as being end-point or mid-point ground-referenced shall

be conducti
ground-referd

ely connected- to ground within the neon supply such that the voltage
nced outputterminal or lead and earth ground complies with 29.1.6.

between the
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22 Electrical Components
22.1 General

22.1.1 Electrical components shall have a voltage rating at least equal to the voltage that is applied to
the component in intended use, and rated for the type of load they control.

22.1.2 An electrical component shall have an ampere rating at least equal to the amperage it is subjected
to in intended use. When the load is inductive and the component is of a type that opens and closes a
circuit, such as a switch, the component shall be "T,” "L,” "AC" general-use rated, or shall be rated not

less than twice the full-load current rating of the load.

Exception:
rating when g
36.

22.1.3 An electrical component shall have a frequency rating equal to the frequericy of the ¢

it is intended
for dc operat

22.1.4 A component such as a switch, fuseholder, receptacle, or Similar devices shall
shall be prevented from turning by means other than.friction between surface$

securely and

Exception:
are met:

a) Tl
switd

b) T
oper:

c) S
22.2 Switchd
22.2.1 A swi

Exception: A
in the off pos

Components that open and close a circuit are not required to be rated for twic
etermined to comply with the switch loading tests specified in Switch Loading-]

to operate. An electrical component operating on a direct currént, (dc) circuit
on.

\ switch is not required to comply with this requirement when all of the follow

h is deemed to be subject to forces that tend to turn the switch),

e means for mounting the switch, does not loosen the mounting means during
htion of the switch, and

bacings are not reduced.below the minimum required values when the switch
S

ch shall disconnect the ungrounded conductor of the incoming line circuit.

tion, it’s determined that the output of the neon supply is always less than the

specified in 6

b the full-load
[ests, Section

rcuit in which
shall be rated

be mounted

D.

ng conditions

e switch is a plunger or other type that does not tend to rotate when operated (a toggle

the

rotates.

\ switch.is not prohibited from being located in other than the incoming line circuit while when

Class 2 limits

.5, ‘When individual electronic components are opened and shorted.
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22.3 Over-current protection

22.3.1 A fuse, when provided, shall be:

a) Mounted in a fuseholder of the proper type and rating,

b) Soldered by pigtail style leads directly to a printed-wiring board, or

¢) Mounted using surface mount technology.

22.3.2 The accessible contact of an extractor fuseholder shall be connected towards the load.

22.3.3 An 0
unless the dg

22.3.4 An o\
in the supply

22.3.5 A fus
device as sp

22.4 Capacit

22.4.1 A caf
shall comply
Specification
Supply Mains

2242 An o
requirements

22.4.3 The g
shall be such
to expand, w
that the front
attached, are|
the terminals

Exception N(

er-current protective device shall not be connected in the grounded (neutr
vice simultaneously interrupts the grounded and ungrounded supply conducto

er-current protective device such as a supplementary protector or cincuit’break
circuit shall open all ungrounded conductors.

b replacement marking shall be provided adjacent to a replaceable over-curr
pcified in 48.2.

0ors

acitor connected across the input supply line for, electromagnetic interferencs
with the Standard for Fixed Capacitors for Use\in Electronic Equipment — Part

Fixed Capacitors for Electromagnetic Intérference Suppression and Conn
, UL 60384-14, or the Standard for Electromagnetic Interference Filters, UL 11

I-filled capacitor provided for power factor correction shall comply with th
in the Standard for Capacitors, L 810, and shall be operated within its rated

lacement and mounting ef\@ pressure-interrupting type oil-filled capacitor in g
that free air space is pravided in front of the capacitor end terminals to enable
thout obstruction, under a fault condition. This expansion clearance space shg
enclosure and terminals of the capacitor, with associated wire connectors and
capable of trayeling 1/2 in (12.7 mm) in a direction perpendicular to the mount

. 1: A.thermally-protected capacitor does not require expansion clearance spa

Exception N(

pal) conductor
I's.

er connected

bNnt protective

suppression
14: Sectional
ection to the
P83.

e applicable
voltage.

neon supply
the capacitor
Il be sized so
supply leads
ng surface of

ce.

ace when an

~2yA potted neon supply is not required to have an expansion clearance sg

investigation

fermonstrates that the pressure-merrupting feature of the capacitor 15 1ot adve

sely affected.

22.4.4 In addition to the 1/2 in (12.7 mm) expansion clearance space specified in 22.4.3, an electrical air
spacing between any exposed live parts of the capacitor, such as exposed terminals and wire connectors,

and:

a) Any uninsulated live part of opposite polarity; or

b) Uninsulated, grounded dead-metal parts

shall be at least 1/16 in (1.6 mm) when the voltage involved does not exceed 300 V; or at least 1/8 in (3.2

mm) when th

e voltage exceeds 300 V.
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Exception:

Spacings from the capacitor terminals and uninsulated live parts of opposite polarity or

uninsulated, grounded dead-metal parts are not required to be provided when the capacitor terminals are

potted.

22.5 Transfo

rmers

22.5.1 Coil insulation, unless inherently moisture resistant, shall be treated to render it moisture resistant.
Film-coated wire is not required to be additionally treated to reduce moisture absorption.

22.6 Thermal protective devices

22.6.1 A temperature regulating control that is required to comply with the performance requirements of

this standard[shall comply with the Standard for Temperature-Tndicating and -Regulafing-E
873, including the section on Thermal Protective Devices for Lighting Fixtures where theNoal

Compliance

General Requirements, UL 60730-1, and/or the applicable Part 2 standard from, thé UL

fulfills these

22.6.2 Athe
Guide, UL 60

22.7 Printed

22.7.1 A primted-wiring board shall comply with the requirements in the Standard for H

Boards, UL 7|
in accordanc
Parts in Devi

Exception Nd
circuit, and c

Exception N
required to c

22.7.2 Ares
printed-wiring
displaced to
operation, or
covered by p|

ith the Standard for Automatic Electrical Controls for Household and Similar
equirements.

mal cutoff shall comply with the Standard for Thermal-Links <‘\Requirements ar|
691.

wiring boards

06, including direct support of live parts, and shall have a flammability rating of
e with the requirements in the Standard_foryTests for Flammability of Plastic
Ces and Appliances, UL 94.

. 1: A printed-wiring board that has-been determined to be connected only td
rcuits on the board operate within Class 2 limits, is to be rated minimum HB.

D. 2: A printed-wiring board’that is completely encapsulated in potting com
bmply with a minimum flatmmability rating.

stor, capacitor, ipductor, or other part that is mounted on a printed-wiring bo
assembly shall be electrically and mechanically secured so that it is not cap
Fesult in a risSk -of electric shock or fire by a force exerted on it during assem
servicing{of:the neon supply. A component of a printed-wiring assembly that

btting compound is determined as having the required mechanical securement.

Huipment, UL
1 is inductive.
Use, Part 1:
60730 series

d Application

Printed-Wiring

V-2 or better,
Materials for

one Class 2

lpound is not

ard to form a
able of being
bly, intended
is completely

Exception:

\.component using surface mount technology is not required to be otherwise

mechanically

secured.
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22.8 Electrode receptacles

22.8.1 A neon receptacle provided within the enclosure or accompanying the neon supply during shipping
shall comply with the Standard for Electric Sign Components, UL 879, and the dielectric voltage-withstand
test in 31.2.6.

23 Secondary Ground-Fault Protection

23.1 A neon supply shall be provided with secondary ground-fault protection that complies with 23.2 —
23.10, and the test requirements in the Secondary Ground-Fault Parameters Test, Section 41, and the

Secondary G

round-Fault Protection Circuit Abnormal Tests, Section 42.

Exception Np."I.”A neon supply with an output of maximum 33 (30 + 10%) mA, as

accordance
lead to groun

a) T
b) T

Exception N
maximum 75

ith 29.2.2 — 29.2.5 between all output terminals or leads and from any outp
d, is not required to be provided with secondary ground-fault protectiomwhen.

ne output is 100 Hz or less, and has a rated output to ground of 1esS than 300
e output is greater than 100 Hz, and has a rated output to ground of less tha

. 2: A neon supply operating at a frequency of 100 HZ or less, with an isolg
00 V between any combination of leads or terminals; is not required to be

secondary ground-fault protection. The maximum voltage is tg)be measured in accordang

and isolation

Exception Nj
interconnecte
secondary gi

Exception Ng
— 29.2.5, bef
required to b

Exception N(
with seconda

23.2 The seq
when tested
ungrounded.

Exception: A

is to be determined in accordance with 28.1.

p. 3: Types 5 and 6 neon supplies with/the neon tubing in the sign in
d only by a freestanding lampholder with"ao GTO cable, are not required to be
ound-fault protection.

. 4: A neon supply with an output'of maximum 15 mA as measured in accordan
ween all output terminals orledds and from any output terminal or lead to ¢
b provided with secondary.-ground-fault protection.

ry ground-fault protection.
ondary ground-fault protection circuit required in 23.1 shall function in accordar

in accordance with 41.1- 41.9, with the equipment-grounding means g
This condition is represented in Figures 41.1 — 41.4, and Table 41.1 as SW1.

measured in
Lt terminal or
1 Vor

n 2001 V.

ted output of

provided with
e with 29.1.3

ended to be
provided with

ce with 29.2.2
round, is not

. 5: A cold-cathodessupply marked in accordance with 46.5 is not required t¢ be provided

ce with 23.10
rounded and

th 41.2 under

\\neoh supply that incorporates a circuit that limits the output in accordance wi

the conditior

s—specified T 21-3— 415 and compiies witlr 4271275 110t Tequired to cor

requirement with the equipment grounding means ungrounded.

ply with this

23.3 The secondary ground-fault protection circuit required in 23.1 shall function in accordance with 23.10
when tested in accordance with 41.1 — 41.9, when the return terminal or lead is connected and not
connected. This condition is represented in Figures 41.1- 41.4, and Table 41.1 as SW2.

Exception: A mid-point neon supply provided with no return terminal or lead is not required to comply with
this requirement.
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23.4 The secondary ground-fault protection circuit required in 23.1 shall function in accordance with 23.10
when tested in accordance with 41.1 — 41.9, with the load across any output terminals or leads grounded.
This condition is represented in Figures 41.1- 41.4, and Table 41.1 as SW3.

Exception: A secondary ground-fault protection circuit is not required to remain resettable in accordance
with 23.10(b) when, with the load grounded and subsequently ungrounded, the output complies with the
limits in 23.10(a).

23.5 An isolated output neon supply shall have a current to ground that is 2 mA or less when measured
in accordance with the Isolated Output Determination Test, Section 28.

23.6 A magnetically operated switch provided to interrupt primary or input power in response to a

secondary gf
Standard for

Exception: A
Tests, Sectio

23.7 When 3
circuitry, the

a) O

b) O
min.

c) In
featu

d) M
prote

23.8 After tr

ound-fault condition shall comply with 6000-Cycle endurance requirements sp
Industrial Control Equipment, UL 508.

\ magnetically operated switch that complies with the test requirements_in'the S
n 36, evaluated for 6000 cycles of endurance, shall be permitted.

neon supply is provided with a feature that bypasses the se¢ondary ground-fg
bypass feature shall comply with the following:

peration of the bypass feature shall require a manuakaction by service person
nce activated, the bypass feature shall automatically deactivate after no longe
ferruption of power to a neon supply shall-automatically deactivate any activat
fe.

arkings shall not be provided on'the neon supply indicating that a secondary
ction bypass feature is provided:

pping, and with the output of a neon supply in accordance with 23.10, tf

ground-fault protection circuit shall require an action on the part of the user or service persg

the output of
reconnecting

Exception:

a) Tl

the neon supply. Fhis shall be in the form of a manual reset switch or by discd
the input power.

[he circuit shall be capable of resetting itself up to three times when:

e reset time is not greater than 10 s;

ecified in the

itch Loading

ult protection

nel.

than 30

bd bypass

round-fault

e secondary
nnel to re-set
nnecting and

b) A

Telectromagrietic device SUcH as da refdy provided 1T ttie secorndary grourna-fa

ult circuitry

complies with the Standard for Industrial Control Equipment, UL 508, including 6,000 cycle
endurance;

¢) The neon supply is marked with a cautionary marking in accordance with 48.3;

d) After three automatic resets, the circuit must require an action on the part of the user or
service personnel to re-energize the output.

e) Except when the circuit resets, after each trip the output voltage shall be no greater than the
rated input voltage and the output current shall be no greater than 0.5 mA as measured in
accordance with 32.4 and 32.5.
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23.9 The secondary ground-fault protection circuit shall be physically integral to the neon supply. The
circuit shall be within the neon supply enclosure or wiring compartment or within the outerwrap of a Type
1 neon supply, and electrically connected to the neon supply such that no wiring connections, except
normal input and output neon supply connections, are accessible to the installer.

23.10 Under the test conditions described in 41.1 — 41.9, when the fault current to ground reaches 15 mA,

the secondary ground-fault protection of a neon supply shall:

a) Reduce the output voltage to no greater than the rated input voltage and the output current

to no

greater than 0.5 mA within 500 ms and

b) Be resettable such that rated output is obtainable from the supply and the secondary

groufid-fault protection Is capable of functioning and continues to comply With (a)-

24 Spacings

24.1 The mipimum spacings between uninsulated live parts of opposite polarity,{between a|

live part and
dead-metal p

a) In
Term

b) In
termi

Exception NG

Exception N
24.1 — 24.4.

Exception Nd

Exception N{
Tables 24.2

a grounded dead-metal part, and between an uninsulated live ‘part and &
art shall be as follows:

put supply terminals, indoor and outdoor use — see Minimum Spacings at Inpu
inals, Table 24.1;

put circuitry, not including input terminals, and @utput circuitry, including conng
hals:

1) Spacings — For indoor/outdoor usey.without conformal coating, see Tabl

n uninsulated
N accessible

t Wiring

ctions and

2) Spacings — For indoor use only, without conformal coating, see Table 24.3;

3) Spacings — For indoor/outdoor use, with conformal coating, see Table 2¢.4.

. 1: No minimum spacings apply to parts encapsulated in a potting compound

. 2: The inherent-spacings of discrete components are not required to comp

. 3: Circuitn/operating within Class 2 limits is not required to comply with Table,

. 4: Spacings between traces on a printed-wiring board are not required td
24 when:

y with Tables

524.1 —24.4.

comply with

a) The printed-wiring board has a flammability rating of V-0 and complies with the abnormal
operation test in 38.1.1 — 38.1.5; and

b) The spacings are not between the printed-wiring board traces and dead-metal parts or
between primary and secondary traces.

Exception No. 5: Except for field-wiring terminals and live parts to accessible dead-metal spacings, the
spacing requirements in the Standard for Insulation Coordination Including Clearances and Creepage
Distances for Electrical Equipment, UL 840, as amended in 24.3, are not prohibited from being used in
lieu of the spacings in Tables 24.2 — 24.4.
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Exception No. 6: For Type 1 neon supplies, the over-surface spacing between uninsulated live parts and
dead-metal parts shall not be less than 0.5 in (12.7 mm).

Table 24.1
Minimum spacings at input wiring terminals
Minimum through-air and over- Minimum spacings between live parts of opposite polarity
Transformer surface spacings between live
primary rating, and dead-metal parts, Through-air, Over-surface,

\% in (mm) in (mm) in (mm)
0-125 1/4 (6.4) 1/8 (3.2) 1/4 (6.4)
126 — 300 1/4 (6.4) 1/4 (6.4) 3/8 (9.5)
301 - 600 3/8 (9.5) 3/8 (9.5) 1/2 (12.7)

Table 24.2
Spacings — Input circuitry, not including input terminals, and output circuitry, /including
donnections and terminals, indoor/outdoor use, without conformal edating

Through-air, Over-surface,

Voltage rgnge in (mm) in mm)
0-1 0.126 (3.2) 0.252 (6.4)

16 — 30 0.126 3.2) 0.252 (6.4)
31-50 0.126 3.2) 0.252 (6.4)

51 - 100 0.126 3.2) 0.252 (6.4)
101 - 150 0.126 (3.2) 0.252 (6.4)
151 - 1J70 0.252 (6.4) 0.375 (9.5)
171 - 260 0.252 (6:4) 0.375 (9.5)
251 - 300 0.375 (9.5) 0.50 12.7)
301 - 6000 0.375 (9.5) 0.75 19.1)
601 — 1,p00 0.375 (9.5) 0.75 19.1)
1,001 — 2,500 0.75 (19.1) 1.00 25.4)
2,501 — 5000 1.00 (25.4) 1.00 25.4)
5,001 — 1,000 1.50 (38.1) 1.50 38.1)
10,001 — 155,000 150 (38.1) 2.00 50.8)
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Table 24.3

Spacings — Input circuitry, not including input terminals, and output circuitry, including
connections and terminals, indoor use only, without conformal coating

Through-air, Over-surface,
Voltage range in (mm) in (mm)
0-15 0.052 (1.27) 0.05 (1.27)
16 — 30 0.052 (1.27) 0.05 (1.27)
31-50 0.052 (1.27) 0.05 (1.27)
51 — 100 0.0632 (1.6) 0.063 (1.6)
101 - 150 0.0632 (1.6) 0.094 (2.4)
51 — 170 0.0047 [23) 0.25 (6.4)
171 — 250 0.0942 (2.4) 0.375 (9.5)
P51 — 300 0.3752 (9.5) 0.50 (12.7)
301 — 600 0.3752 (9.5) 0.75 (19.1)
g01 - 1,000 0.502 (12.7) 0.75 (19.1)
1,001 - 2,500 1.00 (25.4) 1100 (25.4)
2,601 — 5,000 1.00 (25.4) 1.00 (25.4)
5,001 — 10,000 1.25 (31.8) 1.50 (38.1)
10,001 — 15,000 1.50 (38.1) 2.00 (50.8)
2 On printed-wjring boards, their connectors, and board-mounted electrical components wired on the load side of line filters or
similar voltage|peak reduction networks and components, a minimum spacing/0f*0.0230 in (0.580 mm) plus 0.04J02 in (0.005
mm) per Vpeak shall be maintained over-surface and through-air between.uninsulated live parts and other uningulated, live or
dead conductiye parts not of the same polarity.

Table24:4
Spacings — Input circuitry, not including input.terminals, and output circuitry, including
connections and terminals, indoor/gutdoor use, with conformal coating

Over-surface,
Voltage range in (mm)
0-15 0.005 (0.13)
16 — 30 0.010 (0.25)
31-50 0.015 (0.38)
51 — 100 0.020 (0.51)
101 - 150 0.025 (0.64)
151 - 179 0.030 (0.76)
171250 0.030 (0.76)
251+ 300 0.030 (0.76)
307 — 600 0.060 (1.52)
601 — 1,000 0.120 (3.05)
1,001 — 2,500 0.300 (7.62)
2,501 - 5,000 0.600 (15.2)
5,001 — 10,000 1.00 (25.4)
10,001 - 15,000 1.20 (30.5)

24.2 The spacings between uninsulated and insulated live parts of opposite polarity, and between
insulated parts of the output circuitry, regardless of conformal coating, shall be as specified in Table 24.5.
The spacings between insulated live parts of the output circuitry and the plane of the intended mounting
surface of the neon supply shall be as specified in Table 24.5. To be considered an insulated live part,
the insulation either must be an integral part of a separately investigated component or comply with 25.1.
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Table 24.5

Spacings — Output circuitry including connections and terminals, insulated to insulated and

insulated to ground in all locations

Insulated 2 to the plane of
the intended mounting
Uninsulated to insulated, 2 Insulated 2 to insulated, 2 surface,
Potential difference in (mm) in (mm) in (mm)
0 - 600 Not applicable Not applicable Not applicable

601 — 1,000 0.75 (19.1) 0.252 (6.4) 0.126 (3.2)
1,001 — 2,500 0.75 (19.1) 0.375 (9.5) 0.252 (6.4)
2,501 55068 0-+5 &9 08-50 G424 8262 (6.4)
5,001 {10,000 112 (28.4) 0.75 (19.1) 0.375 (9.5)
10,001 + 15,000 1.50 (38.1) 1.00 (25.4) 0.50 (12.7)

2 |nsulated in al

ccordance with 24.2 and 25.1.

24.3 The sp
Creepage Di

a) F
b) F

c) H

are idlentified as Pollution Degree 1,

d) C
e) P

f) To
integ

g A
Inde

24.4 Enamel

24.5 The spa

stances for Electrical Equipment, UL 840, shall be amended.as follows:
br indoor only neon supplies the Pollution Degree shall bg)2;
br indoor/outdoor neon supplies the Pollution Degree.shall be 3;

brmetically sealed or encapsulated enclosures;.or conformally-coated printed-v

brd-connected neon supplies shall be-fated Overvoltage Category II;
brmanently-connected neon supplies shall be rated Overvoltage Category |ll;

apply Clearance B (contralled overvoltage), a neon supply shall be provided
al overvoltage device ot system; and

| printed-wiring boards have been determined to have a minimum Comparativ:
(CTI) PLC of &=

ed and similar film-coated wire is identified as an uninsulated live part.

lIcingS:between output circuitry and dead-metal for a ground-referenced circuit s

on the maxinrum @pen-circuit voltage to ground.

pcing requirements in the Standard for Insulation Coordination)Including Clgarances and

iring boards

with an

b Tracking

hall be based
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25 Insulation

25.1 An insulating material that is not an integral part of a separately investigated component shall
comply with the requirements in Table 25.1.

Exception: An insulating material, thinner than specified in Table 25.1 or not included in Table 25.1, shall
comply with 31.3.1.

Table 25.1
Minimum thickness of insulating materials

Minimum thickness Weatherproof and
outdoor non-
Cap®, Barrier, weatherproof neon Indoor neon
Material in (mm) in (mm) supplies supplies only
Fiber 1/8 (3.2) 1/32 (0.8) no a
Phenolic compgsition 1/8 3.2) 1/32 (0.8) ne. b
Cold-molded cgmposition 1/8 3.2 1/32 (0.8) no yes®
Porcelain:
Glazed 1/8 3.2) 1/8 3.2) yes yes
Unglazed 1/8 3.2) 1/8 3.2) Only as tubes on yes®
insulated wires
Mica 1/8 3.2) 1/32 (0:8) yes yes
Glass 1/8 (3.2) 1/8 (3.2) yesd yesd

2 To be used o
specified in Tal
between the bd
b To be used o
less than 1/4 in
part is not less
V; 10,001 — 15
installed or to V]
¢ To be used o
secondary lead

€ See 25.2 for

d When glass tfibing is used, it shall be f double thickness, 0.1-in (2.5-mm) thick, and shall be securely fastened

le 24.2 — 24.5 for the spacings between primary and.secondary parts and when there is no risk g
rrier or liner and a secondary lead that is installed erto which a connection is made in the field.
hly when the spacing (over-surface or through-air) to the barrier or liner from an insulated second
(6.4 mm), and when the spacing (over-surface’ or through-air) to the barrier or liner from an uning
than 1/4 in (6.4 mm), 3/8 in (9.5 mm), or.1/2 in (12.7 mm) for secondary potentials of 0 — 5,000 \
000 V, respectively; and when there istne contact between the barrier or liner and a secondary |g
hich a connection is made in the field-

hly when not in contact with seeondary parts (insulated or uninsulated) and when inaccessible to
that is to be installed or to which a connection is made in the field.

ap requirements.

hly when the spacings to the barrier or liner from secondary parts (insulated and uninsulated) comply with those

f contact

hry part is not
ulated secondary
; 5,001 — 10,000
lad that is

ontact by a

in place.

25.2 Acapo
risk of contad
The cap shal
place, the sp
at the creviceg

f insulating material provided over an otherwise uninsulated secondary terminal
t between secondary parts shall be tight fitting and capable of being secured td

to reduce the
the terminal.

be of one of the materials indicated in Table 25.1. The cap shall be such tha
hcing-between the uninsulated live parts of the terminal and the exterior surf

when it is in
e of the cap

where the cap abuts the other insulated parts of the terminal is not less than 148 in (3.2 mm)

as measured

througtTthe crevice:
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PERFORMANCE
26 General

26.1 Representative samples of a neon supply shall be subjected to and shall comply with the applicable
tests described in Sections 27 — 42.

26.2 Unless otherwise specified, all tests are to be conducted with the neon supply connected to a rated
frequency source of supply. The voltage of the source of supply and the branch-circuit rating is to be one
of the following:

a) 12 V from the intended supply source for a marked rating within the range of 11 — 12 V.

b) 14 Vdc with a 20-A line fuse when marked for use with moving vehicles only, ‘iA|accordance
with 48.4, and with a marked rating within the range of 11 — 12 V.

c) 26 Vdc with a 20-A line fuse when marked for use in moving vehiclgsConly, in agcordance
with #8.2, and with a marked rating within the range of 23 — 25 V.

d) 120 V from a 30-A branch circuit for a marked rating withinc¢the’range of 110 — 130 V.
e) 240 V from a 30-A branch circuit for a marked rating within the range of 220 — 350 V.
f) 277 V from a 30-A branch circuit for a marked ratihg within the range of 267 — 2B8 V.

g) The marked voltage rating from either a 30-Advranch circuit or from the intended supply
sourge for a marked rating outside of the ranges specified in (a) — (f).

26.3 For all |tests that require connection to a\fieon tubing load, the load for a neon spipply, unless
otherwise spécified, is to be in red neon. Redmeon and mercury/argon tubing shall be as spgcified below:

a) Short-circuit output current 9f\5 to 45 mA — 0.47 in (12 mm) diameter pumped t¢ 0.43 in of
Hg (1.5 kPa);

b) Short-circuit output-etirrent of over 45 to 65 mA — 0.59 in (15 mm) diameter pumped to 0.35
in of Hg (1.2 kPa); and

c) Short-circuit output current of over 65 to 300 mA — 0.98 in (25 mm) diameter pumped to 0.24
in of Hg (0.8 kPa).

Exception Ng.-1.:\For a neon supply that is not rated for, nor intended for use with red neon tybing, another

type, diameter, orthie pressure of the TreorT tubing foad Tated for the reorr supply s capabteof being used.

Exception No. 2: For a neon supply with a current and voltage rating other than the values specified in
Table 26.1, the length of neon tubing shall be the length that loads the neon supply to 80% of the
short-circuit current.
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Table 26.1

Neon tubing length chart

Neon supply rating Number of feet 2 of neon tubing
Open-circuit output Short-circuit output Diameter size of tube, (mm)
voltage, current,

\% mA 25 mm 15 mm 12 mm
15,000 120 69 53
15,000 60 102 60 45
15,000 30 102 60 45
15,000 20 50 40
12,00 120 52 40
12,00 60 79 45 35
12,00 30 79 45 35
12,00 20 39 30
9,004 120 77 38 29
9,004 60 67 33 26
9,004 30 67 33 26
9,000 20 28 22
7,500 120 59 28 23
7,500 60 51 24 20
7,500 30 51 24 20
7,500 20 22 18
6,000 120 46 22 18
6,000 60 40 19 16
6,000 30 40 19 16
6,000 20 17 14
5,000 120 38 19 14
5,000 60 33 17 12
5,000 30 33 17 12
5,000 20 14 11
4,000 60 27 13 10
4,000 30 27 13 10
4,000 20 11 9
3,000 60 17 10 8
3,004 30 17 10 8
3,000 20 8 6
2,000 30 + 6
2,000 20 6 5

NOTE - Deduct 12 in (30.5 cm) from above figures for each pair of electrodes. See 26.3 for gas pressure.
a Multiply footage length by 25.4 to obtain tube length sizes in metric measurements.

26.4 The electrodes for the test load shall be of the same diameter glass as the neon tubing having an
electrode-shell rating and dimensions as specified in Table 26.2.

Exception: For 15-mm diameter tubing and a 20 mA short-circuit output current, the test load is to use
a 12-mm diameter electrode.
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Table 26.2
Electrode ratings/dimensions for testing
Neon tubing diameter, Current Shell diameter, Shell length, Ceramic
rating, collar
in (mm) mA in (mm) in (mm)

0.47 (12) 30 5/16 (7.9) 1-1/16 (27.0) No

0.59 (15) 60 3/8 (9.5) 1-1/4 (31.8) No

0.98 (25) 120 1/2 (12.7) 1-3/8 (34.9) Yes

0.98 (25) 250 7116 (11.1) 2-1/4 (57.2) Yes
26.5 Unless g rise—speeified—ate are—to-he-eerductedusingtheametri-etresaibing footage
specified in the footage chart in Table 26.1. The amount of footage on the footage chart is)jo be reduced
by 1 ft (30.5 £m) for every two neon-tubing electrodes (each separate length of tubing)y The neon tubing

footage for g
secondary cu
Table 26.1, t
example, a 1

27 Input Me

neon transformer is to be based on the rated open-circuit voltage and thé short-circuit
rrent. The neon tubing footage for a neon power supply is to be(the amount specified in

hat is determined as equivalent to a neon transformer for a given‘voltage and current. For
5 kV, 30 mA neon transformer and a 9 kV, 30 mA neon power supply is capg
the same negn footage as a test load.

ble of having

surement Test

27.1 The mdasured input current of a neon supply shall not.exéeed the rated input current
5%. The mgasured maximum input current is the input.gurrent measured when a n¢
connected tol a rated voltage and frequency supply with>the output connected to the neo

specified by

27.2 A neon
with a measy

27.3 A neon
corrected, sh
0.90.

27.4 With re
measured ing

he footage chart in Table 26.1.

supply marked with a power factor'rating shall operate under normal operati
red power factor of not less thap.the marked value.

supply marked to indicate that the product has a high power factor, or is

hll operate under normal operating conditions with a measured power factor of

jard to the requirement in 27.2, the power factor is to be determined from th
ut in watts and-in volt-amperes under the conditions described in 27.1.

by more than
on supply is
h tubing load

ng conditions

power factor
not less than

e ratio of the
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28 Isolated Output Determination Test

28.1 To determine compliance with 23.5, a neon supply is to have any protective circuitry that prevents
the supply from operating without an output load connected to it disabled. The neon supply is to be
connected to a source of supply adjusted to rated input with no load connected to the output. While
energized, the current from each output lead or terminal to ground is to be measured. The maximum
current shall not exceed 2 mArms.

29 Output Measurement Tests

29.1 Maximum output voltage

29.1.1 The rhaximum oufput voltage of a neon supply, when tested under the condition$ specified in
29.1.3- 29.15, shall not exceed:

a) The rated output voltage by more than 10%;

b) The maximum output voltages in Tables 29.1 or 29.2; and

c) 8250 Vac (11,700 Vpeak), without capacitance, from a terminal or lead to groungd.
Table 29.1
Maximum open-circuit output voltage for a mid=peint neon supply
Neon sppply output rating, Maximum output peak voltageopen- Maximum output peak voltage with
circuit without capagitance, capacitive load only,
\% A \%
5,000 or less 73800 9,000
5,001 — 10,000 15,600 18,400
10,001 — 15,000 23,300 29,000
Table 29.2
Mlaximum open-circuit output voltage for an end-point return neon supply
Neon supply output rating, Maximum output peak voltage, open- Maximum output peak voltage with
circuit without capacitance, capacitive load only,
\Y \Y \Y
2,500 or(less 3,900 4,300
2,501<-5,000 7,800 9,000
5,001« 7,500 11,700 14,000

29.1.2 When the output winding of a neon supply has a tap, the open-circuit rms output voltage of a
section of the winding shall not be more than 115% of the rated value for that section, when the
open-circuit output voltage of the entire output winding is not more than 110% of the rated voltage for the
entire winding.
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29.1.3 To determine compliance with 29.1.1 and 29.1.2, a neon supply is to be connected to the rated
input. The branch-circuit ground is to be connected to the grounding means on the neon supply when
required to be provided. The output is not to be connected to a load (open-circuit). The output from lead
to lead, and from each lead to ground is to be measured. A neon supply that does not provide the full
output voltage under open-circuit conditions, shall be tested as follows:

a) The circuitry responsible for limiting or interrupting the output voltage under open circuit
operating conditions is to be defeated unless it limits the output voltage within 500 ms, and
complies with 42.1.2.

b) The maximum output voltage for a neon supply with circuitry responsible for limiting or
interrupting the output voltage under open-circuit operating conditions, that does limit the output

volta
Seco
the n
limit

29.1.4 The ¢
output. For &
terminal to g
limiting circui
connected ad
pF. The max
maximum ou

29.1.5 Durin
operating ran

29.1.6 Aneg
a voltage ex
operation.

29.2 Maximy

29.2.1 Maxin
current rating

29.2.2 To ddg
be connecte
measured fo
connected to

e within 500 ms, and complies with the circuit reliability requirements Speciie
ndary Ground-Fault Protection Circuit Abnormal Tests, Section 42, shall be.m
eon tubing load that produces the highest output voltage without causipg-the g
Dr interrupt the output.

utput voltage for a neon supply is to be measured with a capacitance con
ground-referenced neon supply, the capacitance is to be applied from one d
ound, and then the other output lead or terminal to ground-without defeating
ry provided in the neon supply. For an isolated output neon supply, the capaci
ross the open-circuit output leads or terminals. The range of the capacitance is
mum output voltage is to be measured as the capaeitance is varied from 5 —
put voltage shall not exceed the voltage limits specified in 29.1.1.

) this test any adjustable control provided-@n the neon supply shall be adjusté
ge to obtain the maximum output voltage.

n supply, when operated with the neen footage in accordance with Table 26.1,
ceeding 30 Vrms between thecreturn terminal or lead and earth ground d

m output current measurement

num output currept-available from a neon supply shall not exceed 110% of the 1
when operated urnider the conditions specified in 29.2.2 — 29.2.3.

termine eompliance of a neon supply with the requirement in 29.2.1, the neo
] to the rated input voltage and frequency, and the maximum output cur
conditions (a) — (c) as specified below, at the point in each circuit as specified i
theyfollowing loads:

d in the
pasured with
ircuitry to

nected to the
utput lead or
any voltage-
ance is to be
to be 5 — 300
300 pF. The

ed through its

shall not have

uring normal

narked output

h supply is to
rent is to be
N 29.2.3 while

a) Short-circuit;

b) Neon tubing as specified in 26.3 and 26.4 in lengths that result in the neon supply operating
at 25, 50, 75, and 100% of maximum rated load as specified in the Neon Tubing Length Chart,
Table 26.1; and

c) Neon tubing as specified in 26.3 and 26.4 in the same lengths as in (b), except with
capacitance connected first in parallel and then separately from each output to ground. The
range of the capacitance is to be 5 — 300 pF. The maximum output current is to be measured
as the capacitance is varied from 5 — 300 pF.
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Exception: The output current of a neon supply with an output frequency of 100 Hz or less is not
required to have its output current measured with the capacitance.

29.2.3 To comply with 29.2.2, the maximum output current shall be measured at the point in each circuit
for conditions 29.2.2 (a) — (c), as specified below:

a) Short-circuit test condition — The current passing through the shorting conductor.

b) Neon tubing load condition — The current reaching the first electrode of the neon tubing load
just before the electrode.

c) Neon tubing with capacitance load condition — The current reaching the first electrode of the

neon

29.2.4 When
obtaining ma|

29.2.5 To co

measured wh

a) S
conn

b) M
conn

30 Temperafure Test

30.1 A neon

a) N
capa

Exce
the {4

tubing load just before the electrode and after any capacitance added to the

Kimum current measurements.

mply with Exception Nos. 1 and 4 to 23.1, the maximum output|current to gr
ile any terminal or lead is connected to ground as specified below:

nort-circuit to ground test condition— The current passing(through a shorting cg
bcted between any output terminal or lead to ground-and

aximum current to ground test condition — The €urrent passing through a cond
bcted to a variable resistance adjusted to produce the maximum current to grd

supply is to be connected to operate under each of the following conditions:

brmal operating load using the_rieon tubing specified in 26.3 — 26.5with or with
Citance as specified in 30:2,

ption: A neon supply having an output frequency of 100 Hz or less is not req
bmperature test conducted with capacitance.

D load or opéen-circuit operation; and

y condition of dimming, flashing, or scripting, or a similar condition provided 3

provided, a user adjustable control shall be varied throughout its opetating

ircuit.

range while

bund shall be

nductor

uctor
und.

out

uired to have

s an integral

acitance load

added. The capacitance is to be connected first in parallel and then separately from each output to
ground. The range of the capacitance is to be 5 — 300 pF. The maximum steady state output current is
to be measured at the output before the capacitive load as the capacitance is varied from 5 — 300 pF.
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30.3 For all load conditions where leads are required, GTO cables intended for the voltages involved shall
be used in lengths that are short and still functional.

30.4 All GTO splice connections shall be by twisting in accordance with Figure 30.1 and enclosed in a
two-piece double back boot of the appropriate size.

Figure 30.1
Twisted leads
Option 1
Step 1

SM801
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Step 2

SM778

Figure 30:1 (Cont'd)
Option 2
Step 1

4

1/¢
MA)

N, "4

SM780
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Step 2

SM800

n supply is to be operated in an ambient environment of 40 £5°C (104 £9°F) in
specified in 30.5 — 30.7.

the test oven

30.6 During the test, the neon supply is to Be-Supported as described in 30.9 and as illustrgted in Figure

30.2. The flgor between the heaters and-the neon supply under test is to be of a thern

material. The|test compartment of the“enclosure is to have internal dimensions of 24 by 24 i
mm). The flopr of the test compartment is to be 22 by 22 in (559 by 559 mm), with an air
(25.4 mm) alllaround the floor for.girculation of the heated air. A 3-in (76.2-mm) deep heater
is to be proyided below thelfloor of the test area for the heating elements. One sid
compartmentis not prohibited-from being removable, and is to be constructed so that it is cay
securely fastgned to theremainder of the enclosure. One of the sides is to have a 6-in (153
opening locdted centrally at the bottom edge of the test compartment, and the enclog
constructed $o thatithe only possibility of air circulation is through this opening. The op€
covered by ap aluminum shield positioned so that it extends 1/2 in (12.7 mm) beyond the pe]
opening.

nal insulating
h (610 by 610
space of 1 in
compartment
b of the test
able of being
-mm) square
ure is to be
ning is to be
rimeter of the
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Figure 30.2
Test enclosure
DOOR
3 1/2 - INCH (89-mm) RADIUS
? e~ ) ALUMINUM SHIELD
T\
u/
P — 6 - INCH (152-mnh) SQUARE
i 7y | |_— OPENING IN ENCLOSURE
! ]
TYPICAL LOCATION
OF THERMOCOQUPLES

I
}
i
I
I
I
I
I
I
1~INCH I
24 INCHES (25mm) = g
(610jmm) 1

1 INCH
(25mm) L
i
oA
[ 9
\ :
3 INCHE$ r
(76mm) "
T L
1 INCH
(25mm)

26 INCHES
(660mm)

26 INCHES
(660mm)

THERMAL INSULATING

BALLAST MATERIAL

SUPPORTS
HEATERS
SB1778
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30.7 The heat source used for the test enclosure described in 30.5 is to consist of four 300-W, 230-V,
strip heaters having heating surface dimensions of 1-1/2 by 12 in (38 by 305 mm). The elements are to
be connected in parallel to a 120-V supply source. The elements are to be mounted in the 3-in (76.2-mm)
deep heater compartment located midway between the test-compartment floor and the base, and are to
be arranged so that they form a square with the outside edge of each element 2-1/2 in (63.5 mm) from
the adjacent inside wall of the compartment. The elements are to be controlled by a thermostat.

30.8 In lieu of the oven construction described in 30.5 and 30.6, the oven is to 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. The volume of the oven compartment is to be
between 5-1/2 ft3 (0.156 m3) and 8 ft3 (0.226 m3).

30.9 Prior to|the test, the neon supply not energized is to be placed in the test enclosure|until all parts
reach the temperature of the heated air.

30.10 The n¢on supply is to be in its normal operating position, supported 3 iny(%6.2 mm) apove the floor
of the test enfclosure by two 3-in wooden cleats, and is to be centrally located with respect tp the sides of
the enclosurg. Electrical connections are not prohibited from being brought out of the enclgsure through
the 6-in (1524mm) square opening specified in 30.5. During the test, the. enclosure is to be Igcated so that
the shielded ppening is not exposed to drafts or rapid air currents.

30.11 Duringd the temperature test, with the neon supply operating’ under the load conditions specified in
Table 26.1, Ind no load conditions, the operating temperaturés shall not exceed the temperatures in
Tables 30.1 and 30.2.

Table30.1
Maximum temperature rises

Materials and components °C (°F)

1. On any| point of the enclosure of a neon supply 50 (90)
2. Field-wjring conductors or any surfaceé that is contacted by field-wiring 202 (36%)
3. Field-wfring terminals 35 (63)
4. Class 105 (A) coil insulation systems of a relay, a solenoid, or similar part:

Thermocouple method 55D (99)

Rgsistance method 65¢ (117¢)
5. Class 130 (B) coil instlation systems of a relay, a solenoid, or similar part:

Thermocoupte\method 70P (126Y)

Rdgsistangemiethod 80¢ (144°)
6. Class 105%(A)transformer insulation systems:

Thme;Qu,plP method 55b (99b)

Resistance method 65¢ a17%
7. Class 130 (B) transformer insulation systems:

Thermocouple method 70P (126)

Resistance method 80¢ (144°)
8. Class 155 (F) transformer insulation systems:

Thermocouple method 95b (171b)

Resistance method 100¢ (180°)
9. Class 180 (H) transformer insulation systems:

Thermocouple method 110b (198b)

Resistance method 120¢ (216%
10. Electrode splice enclosure (boot) 65cd (117cd)

Table 30.1 Continued on Next Page
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Table 30.1 Continued
Materials and components °C (°F)

11. GTO cable insulation 65¢d (1179
12. Varnished-cloth insulation 45 (81)
13 Fiber used as electrical insulation 50 (90)
14. Thermoset electrical insulation (phenolic, urea, and similar materials) 1104 (1989)
15. Wood or other combustible material 50 (90)
16. Wire insulation or insulating tubing/sleeving 208 (36°)
17. Fuses:

Class G, J, L, T, or CC 85 (153)

Tupe—ferrHe—orblad +0 (126)

Otl\er 50 (90f)
18. Capacifors:

Elgctrolytic 259 (459)

Other than electrolytic 509 (909)
19. Sealingd or potting compound h (h)
20. Power pwitching semiconductor devices i 0]
@ The maximunp temperature rise for wire rated 75°C (167°F) is 35°C (63°F), and for wire ‘rated 90°C (194°F) thel temperature
rise is 50°C (9Q°F).
b At a point on fhe surface of a coil where the temperature is affected by an exterfidl source of heat, the temperdture rise

measured by n
rise of the coil

¢ See 30.12 for
d These limitati
€ The maximun
f A fuse investi
that temperatur]
9 The limitation
N Unless a ther|
temperature, is
Softening Poin{
I The maximum
the manufactur|

eans of a thermocouple is not prohibited from being 5°C (9°F)igher than that specified, when th
hs measured by the resistance method is not more than that sgecified.

test guidelines.

bns do not apply to a material that has been investigated ‘and rated for a higher temperature.
temperature rise is the temperature rating of the [naterial minus 40°C (104°F) (ambient tempera
ated and determined to be capable of being used at a higher temperature is not prohibited from
.

does not apply to a capacitor that is marked for a higher temperature rating.

mosetting compound, the maximum sealing compound temperature, when corrected to a 40°C (1
15°C (27°F) less than the softening.point of the compound as determined in accordance with the
by the Ball-and-Ring Apparatus,-ASTM E28.

temperature rise on the case\is/the maximum case temperature for the applied power dissipatior
br minus an assumed ambient of 40°C (104°F).

e temperature

ure).
being used at

4°F) ambient
Test of

specified by

Table 30.2
Case temperature code

Maximum case temperature, 2 Marking code
°C )

50 (122) 2161HX
60 (1207 ZI6TRX
75 (167) 2161MH
90 (194) 2161WX

@ The maximum case temperature on any point of the enclosure of a neon supply, as measured during the
Temperature Test in 30.1- 30.7. All temperature limit values are based on an assumed ambient temperature of
40°C (104°F).

30.12

Coil and winding temperatures of a neon supply are to be measured by thermocouples located on

exposed surfaces, except that the resistance method specified in 30.13 is to be used for a coil that is
inaccessible for attaching thermocouples, such as a coil immersed in sealing compound, wrapped with
thermal insulation, or wrapped with more than two layers of insulating material totaling more than 1/32-in
(0.8-mm) thick.


https://ulnorm.com/api/?name=UL 2161 2016.pdf

56

NEON TRANSFORMERS AND POWER SUPPLIES - UL 2161

APRIL 6, 2016

30.13 The temperature rise of a winding is determined by the resistance method according to the
following formula:

in which:

M=B(k+t) - (k+t)

At is
R is
ris t

kis 2
cons

tl is
tz is

30.14 Therm
30 AWG (0.0
it is common
constantan w
temperature
are to be ac
Values of EM
Force (emf) 1

30.15 A tem
successive rq
than 15 min,

30.16 Just p
from the neo

the temperature rise of the winding in °C;
he resistance of the coil at the end of the test in Q;
pe resistance of the coil at the beginning of the test in Q;

34.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values o
ant for other conductors are to be determined;

he room temperature in °C at the beginning of the fest; and
he room temperature in °C at the end of the test.

ocouples are to consist of wires not largefthan 24 AWG (0.21 mm?), and not
5 mm?). When thermocouples are used\in determining temperatures in electric
practice to employ thermocouples censisting of 30 AWG iron and constantan d
ire, and a potentiometer type instrtment. Such equipment is to be used wheng
measurements by thermocouples’are required. The thermocouples and relate
curate and calibrated. The Afiermocouple wire is to comply with the Toleran
F versus Temperature tables in the Standard Specification and Temperature-
[ables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

berature measured) by the thermocouple method is determined to be constar
adings taken at.intervals of 10% of the previously elapsed duration of the test
indicate no“further temperature increase.

Fior to“measuring the thermocouples, the power to the neon supply is to be
N sapply.

f the

smaller than
Al equipment,
r copper and
ver reference
0 instruments
ces on Initial
Electromotive

t when three
and not less

disconnected
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31 Dielectric Voltage-Withstand Tests
31.1 General

31.1.1 A neon supply shall not provide evidence of dielectric breakdown when subjected to the dielectric
voltage-withstand tests specified in 31.1.2 — 31.2.6.

31.1.2 Dielectric voltage-withstand tests are to be conducted using a 500 VA or larger capacity testing
transformer. The output voltage of the testing transformer is to be sinusoidal and capable of being varied.
The applied potential as specified in 31.2.1, 31.2.2 and 31.2.4, is to be increased from zero until the
required test level is reached and is to be held at that level for 1 min. The increase in the applied potential
is to be at a substantially uniform rate and as rapid as is consistent with its value being correctly indicated

by a voltmet
unless otheny

31.1.3 A ned
is rated for a

31.1.4 When
material (poly
material shal
parts and the

31.1.5 The

Br. The tests are to be conducied at the rated supply nput frequency of the
Vise noted.

n supply rated for an ac input shall be subjected to an ac potential, and”a ned
dc input shall be subjected to a dc potential.

a dielectric test is being conducted between current-carrying_parts and an ir
meric enclosure, accessibility barrier, and similar parts), the-outer surface of
be covered with metal foil and the test shall be conddcted between the cu
metal foil.

ensitivity of the test equipment is to be such that when a 120,000-Q resistor

across the oyitput, the test equipment does not indicate a‘dielectric breakdown for any volt

the specified
greater than
close to 120,

31.2 Primary
31.2.1 While
isolated outp

60-Hz sinuso)

a 1l
primg

b) 1,

test voltage, and does indicate dielectrictbreakdown for any output voltage
he specified test voltage. The calibrating-resistor shall be adjusted to have a
DO0 Q as instrumentation will permit,-atid not more than 120,000 Q.

and secondary circuits
still warm from the température test as specified in the Temperature Test, S
it neon transformer shallwithstand for one minute without breakdown the ap

dal potential of:

00 V plus twiceé the maximum rated primary voltage (line-to-ground) applied b
Iry-circuit apndidead-metal parts (enclosure, core, and similar parts);

whicheveris greater, applied between the primary and secondary circuit; and

neon supply

n supply that

sulating type
the insulating
rrent-carrying

is connected
hge less than
b equal to or
resistance as

ection 30, an
plication of a

etween the

P5 times the maximum measured secondary potential or rated secondary voltage,

c)

iththegroundedend of the primmary winding-sotidty conmectedto theemnctosar

, 1.50 times

the rated primary voltage (line-to-line) applied across the ends of the primary winding. The test
is to be conducted first with one end of the secondary and then the other, in turn connected to

the e

nclosure.
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31.2.2 While still warm from the temperature test as specified in the Temperature Test, Section 30, and
the outputs open-circuited, a neon transformer with a ground-referenced secondary shall withstand for
one minute without breakdown the application of a 60-Hz sinusoidal potential of:

a) 1000 V plus twice the maximum rated primary voltage (line-to-ground) applied between the
primary-circuit and dead-metal parts (enclosure, core, and similar parts);

b) 1.50 times the secondary voltage induced by applying 1.5 times the maximum rated primary
voltage (line-to-line) across the ends of any primary winding, with the grounded end of the
primary solidly connected to the enclosure; and

c) When the neon supply is constructed so that the primary winding and each half of the
secohdary winding are wound on separate legs of the core, with the magnetic paihp in parallel
and With secondary ground-fault protection defeated, the test described in (b) is\te’pe repeated
with first one secondary terminal and then the other, in turn, connected to the\enclgsure.

31.2.3 The te¢sts described in 31.2.1(c) and 31.2.2 (b) and (c) are to be conductéd at a higher frequency
when the exgiting current at rated frequency is such as to result in excessjve heating of the primary
winding.

31.2.4 While| still in a heated condition, a neon power supply shall_withstand for one njinute without
breakdown the application of a 60-Hz sinusoidal potential of:

a) 1000 V plus twice the maximum rated input voltage (line-to-ground) applied between the
input|circuit and dead-metal parts;

b) 1p5 times the maximum measured output'voltage (line-to-line) applied between|the input
and qutput circuits; and

Exception: The potential is to be_applied between the primary and secondary|of an output
transformer when the power supply complies with 33.2(b).

c) 1.p5 times the maximum measured voltage between an output circuit operating pt more than
1000|Vrms and dead-metal parts.

tion: Chassis-connected components are to be disconnected at the chassis.| Components
connpcting the secondary mid-point or end-point to the chassis are permitted to be|disconnected
at the output mid=point or end-point when the voltage across those components tp ground is a

31.2.5 When the Current through a capacitor of capacitor-type filter connected across the| line, or from
line-to-earth - Tiffi Tt i fTTg-current test
potential, the neon supply is to be tested with a dc test potential of 1.414 times the rms value of the test
voltage specified in 31.2.1(a), 31.2.2(a), or 31.2.4(a), between primary-circuits and dead-metal parts.

31.2.6 A neon supply with integral electrode receptacles shall be constructed to withstand without
breakdown, for a period of 1 min, the application of a dielectric voltage potential as specified in Table 31.1,
between current-carrying parts of the electrode receptacles and the neon supply enclosure with the
electrodes of gas-filled tubes in place.
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Table 31.1
Electrode receptacle dielectric test potential

Rated output voltage of neon supply, V Applied test potential, Vrms
1000 — 2500 6,500
2501 — 5000 12,000
5001 — 6000 14,000
6001 — 7500 17,000
7501 — 10,000 22,000
10,001 — 12,000 26,000
12,001 — 15,000 33,000

31.3 Barrier

31.3.1 Anin
shall be subje
with 31.3.2.

31.3.2 Thed
insulating bef
between live

31.3.3 Anin
times the ma
dielectric volt

for one minufe. During the test, there is to be no indication of dielectric breakdown.

31.3.4 Anin
times the ma
The dielectri
maintained fq

31.3.5 A maferial or a combination of materials and air space when functioning as an acceg

in accordanc
the maximun
service persda
and the test
breakdown.

and insulating materials

bulating material used in accordance with the Exception to 25.1 or Exception
cted to a dielectric voltage-withstand potential as specified in 31.3.3:0r31.3.4 i

ielectric voltage-withstand potential for an insulating material shall comply with
parts having a potential difference greater than 1000 .

Sulating material shall withstand a dielectric voltage-withstand potential of 10(
ximum potential voltage difference between the live parts insulated from ea
hge shall be raised gradually, within 10 s, to-the test voltage and the test voltag

bulating material shall withstand a dielectric voltage-withstand potential of 175
Ximum potential voltage differencé-between the live parts being insulated fror
L voltage is to be raised gradually, within 10 s, to the test voltage and thg
r one minute. During the test;there is to be no indication of dielectric breakdo

b with 8.8, shall withStand a dielectric voltage-withstand potential of 1750 V pl

potential voltagée_difference between ground and the live part being insulated
nnel contact, The dielectric voltage is to be raised gradually, within 10 s, to th
yoltage majntained for one minute. During the test, there is to be no indicatio

No. 2 to 15.1
n accordance

31.3.3, when

ween live parts having a potential difference of 1000 V or\ess and 31.3.4, when insulating

0 V plus two
th other. The
e maintained

D V plus 1.25
n each other.
test voltage
Wwn.

sibility barrier
s 1.25 times
from user or
b test voltage
n of dielectric
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32 Leakage Current Test

32.1 A cord-connected neon supply shall not result in a leakage current in excess of 0.50 mA when tested
in accordance with 32.2 — 32.6.

Exception: A neon supply that is required to have primary-circuit filtering to comply with the EMC
(Electromagnetic Compatibility) regulations of the country or area in which it is intended to be used is to
have a leakage current at accessible parts of not more than 5.0 mA when the neon supply complies with
the grounding requirements in 16.4.1 — 16.4.3.

32.2 Leakage current refers to all currents, including capacitive-coupled currents, that are conveyed

between exposed conductive surfaces and ground.

32.3 All expq
surfaces are|
constructed (
by 20 cm) fo
the foil cover

sed surfaces are to be tested for leakage currents. The leakage currents fron
to be measured to the grounded supply conductor. When the expesed
f insulating material, the insulating material shall be covered with a maximum
| wrap, and the leakage current shall be measured from the grounded supply|
bd surface.

32.4 The ci

measuremenf instrument is defined in (a) — (c). The meter that is usedfor a measurement is
to indicate th¢ same numerical value for a particular measurement-as in the defined instrume
used is not required to have all the attributes of the defined instrument.

a T
0.15

b) The meter is to indicate the rms value ofithe full-wave rectified composite wavef

volta

c) O
respq
of a

mA, the measurement is not-to have an error of more than 5% at 60 Hz.

32.5 Unless
meteristo b

cuit for the leakage current measurement is to be as illustrated in Figu

e meter is to have an input impedance of 1500"Q resistive shunted by a cap3
LLF.

je across the resistor or current through the resistor.
ber a frequency range of 0 - 100 kHz, the measurement circuit is to have a frg

nse ratio of indicated to_agtual value of current that is equal to the ratio of the]
| 500-Q resistor shunted\by a 0.15-uF capacitor to 1500 Q. At an indication of

the meter is being-used to measure leakage from one part of a neon supply td
b connected between an accessible part and the grounded supply conductor.

32.6 A sam
condition. Th
part of the p
plug. The su
sequence, Wi

as-received condition is a sample of the neon supply without prior energizat

the exposed
surfaces are
4 by 8 in (10
conductor to

re 32.1. The
only required
nt. The meter

citance of

orm of

bquency
impedance
0.5 or 0.75

another, the

le of .the) heon supply is to be tested for leakage current starting with th¢ as-received

on except as
e attachment

duction-line testing, with the grounding conductor, when provided, open at th

th reference to the measuring circuit, Figure 32.1, is to be as follows:

age. The test

a) With switch S1 open, the neon supply is to be without load and connected to the measuring
circuit. The leakage current is to be measured using both positions of switch S2 and with the

neon

supply switching devices in all their operating positions.

b) Switch S1 is then to be closed, energizing the neon supply, and within 5 s the leakage
current is to be measured using both positions of switch S2, and with the neon supply switching

devic

es in all their operating positions.
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c) The leakage current is to be monitored until thermal stabilization. Both positions of switch S2
are to be used in making this measurement. Thermal stabilization is determined to be obtained

by operation, as in the normal temperature test.

Figure 32.1
Leakage current measurement circuit

o o . PRODUCT

= B

METER

]
0 O
120V Eb j:):: =
O O
; ———
> GR

St —

INSULATING

GROUNDED SUPPLY CONDUCTOR B
LC100

Appliance intended for connection to a 120-V power supply.

TABLE
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- PRODUCT METER
t 120V
‘ 120V
L
St % INSULATING
- TABLE
GROUNDED SUPPLY CONDUCTOR B
LC200

Appliance intend
A — Probe with {

B — Separated o

33 Input to G

33.1 The leV]
the dielectric
31.2.1 when

supply. The dlielectric withstand test potential shall be applied between the input and outpd

supply. Whe
withstand te
accordance \

33.2 A neon

a) C
betw

led for connection to a 3-wire, grounded neutral power supply, as illustrated-
hielded lead.

Ind used as clip when measuring currents from one part of xieon supply to another.

utput Isolation Test

el of output isolation provided at_the output transformer of a neon supply sha
voltage-withstand test in 31.2:2’when the unit is a ground-referenced neor
the unit is an isolated outptitneon transformer; or 31.2.4 when the unit is 3

h a neon supply with feedback circuits is determined not to comply with
5t potential applied.\between the input and output, compliance shall be d
vith 33.2 — 33.4.

supply witkisfeedback circuits shall:

bmply_with the dielectric withstand test requirements when the test potential is
benthe primary and secondary of the output transformer while mounted in the

| comply with
transformer;
neon power
t of the neon
the dielectric
etermined in

applied
neon supply

with

[MNeircuitry to the transformer disconnected:

b) Not result in a risk of fire or shock while being operated under the test conditions specified in

33.3;

and

c) Not be provided with a secondary to primary feedback that is capable of providing more than
0.5 mA leakage current, at a frequency of 60 Hz, to the output under the test conditions

speci

fied in 33.4.
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33.3 A neon supply is to be connected to a source of supply in accordance with 26.2 under the abnormal
test conditions in 37.1.2 with the output open-circuited. The neon supply is to be operated with each
capacitor, diode, and other semiconductors electrically located between the input and output (feedback
circuits) individually short-circuited.

33.4 A neon supply is to be connected to a source of supply in accordance with 26.2 with the secondary
to primary feedback circuitry disconnected where it connects to the output. The leakage current is to be
measured from the feedback side of the point where the feedback circuit was previously connected to the

output and ground in accordance with the leakage current test procedures specified in Section 32.

34 Grounding Continuity Test

34.1 The im
when tested

34.2 An altenating or direct current of 30 A from a power supply of not more than\12"V, sh

from the poin
to be bonded

34.3 The reqg
(in amps).

35 Strain an

35.1 The po
withstand for
and each lea
and output le
as part of the
additionally ¢

35.2 A neor
Stress-Relief

Electrical Eqliipment EvaluationsaUL 746C, before being subjected to the strain relief test

35.4.

35.3 Each fi¢ld wiring input and output lead or cable provided on a neon supply shall with

pull of 20 Ibs
(17.8 N), follg

35.4 A powdq

hbedance within a grounding or bonding circuit shall not exceed the NImits spe
n accordance with 34.2 and 34.3.

[ of connection of the equipment-grounding means to a point in the grounding ¢
, and the voltage drop between the two points shall be measuréd,

I Push-Back Relief Test

ver supply cord and each input and output*lead, when provided on a neon
1 min, without transmitting stress to internalwiring connections, a force appliq
. The amount and direction of force applied shall be in accordance with, 35.3
hd provided, and 35.4 and 35.6 for a pewer supply cord. When polymeric mater
strain relief means for a power supply cord and leads, the leads and power sup
pmply with 35.2.

supply that relies on_pelymeric material for strain relief shall be subje
Distortion Conditioning._as specified in the Standard for Polymeric Materi

(89 N) affour times the weight of the product, whichever is less, and not le
wing the test method specified in 35.5.

r«supply cord provided on a neon supply shall withstand a direct pull of 35

Cified in 17.1,

all be passed
rcuit required

istance in ohms shall be calculated by dividing the drop in petential (in volts) by the current

supply shall
d to the cord
or each input
al is provided
ply cord shall

cted to Mold
als — Use in
5 in 35.3 and

stand a direct
ss than 4 Ibs

lbs (156 N),

following the

testmetiodspecified T 3575:

35.5 The direct pull specified in 35.3 and 35.4 shall be applied by securing the neon supply in a position
that is adjustable and provides for suspending a weight from the power supply cord or lead to be tested.
The neon supply shall be positioned in a direction that results in the stress of the suspended weight being
applied from any angle the construction of the neon supply permits.
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35.6 The power supply cord provided on a neon supply shall be held 1 in (25.4 mm) from the point where
the cord emerges from the neon supply. The cord shall then be pushed back, as shown in Figure 35.1,
toward where the cord emerges with a force of up to 6 Ibf (26.7 N) until the cord buckles. Strain shall not
be placed on wiring connections, and the cord shall not:

a) Be subjected to temperatures or voltages above the specified rating;

b) Come in contact with sharp edges or moving parts that can damage the cord insulation; and

c) Displace parts resulting in a reduction of spacings.

Figure 35.1
Supply cord push-back evaluation

CASUAL
FORCE

I<—1 INCH——I
25 mm
POWER=SUPPLY

CORD

NEON SUPPLY

NEON SUPPLY

—=~——BUCKLING
A CASUAL
- FORCE

5816838

36 Switch Lqading~Tests

36.1 Genera

36.1.1 A switching type component that opens and closes a circuit with an inductive load shall comply
with the Overload and Endurance Tests so as to be in compliance with the requirements in the Exception
to 22.1.2.
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36.2 Overload

36.2.1 Three samples of each switch, while installed in the neon supply, shall be subjected to an overload
consisting of 50 cycles of operation at 10-s intervals opening and closing the input circuit of the neon
supply. During the overload, the input is to be connected to a supply circuit of maximum rated input
voltage and rated frequency, and the output terminals are to be short-circuited. The enclosure is to be
grounded through a 3-A non-time delay fuse.

36.2.2 The results of this test are considered in compliance with this standard when the switches, after
the overload test, continue to operate normally; the switch contacts upon visual examination, show no
signs of burning, pitting, or other form of damage to the contacts or switching mechanism; and the 3-A

fuse does not open during the test.

36.3 Endura

36.3.1 After
endurance t¢g
connected to
supply is to &
or the outpu
potential of 1

36.3.2 Ther
test, continueg
pitting, or oth
between live

37 Abnorma
37.1 Generdl

37.1.1 Abno
37.1.2—- 37.1.

37.1.2 Durin
ambient, unlg
ground throu
with white tis{
The cheesec
provided with
inch.

nce

the overload test, the same three samples of each switch are to be suf
st consisting of 1000 cycles of operation at 1-s intervals, with the input of the
a supply circuit of maximum rated input voltage at rated frequehcy. The outpd
e connected to a neon tubing load adjusted to cause the input-to operate at

D00 V shall be applied for one minute across all live partsS)and dead-metal par

psults of this test are considered to be in compliance'when the switches, after t
to operate normally; the switch contacts upon visual examination, show no sig

parts and dead-metal parts.

Operation Tests

mal operation tests as specified in 37.1.2 — 37.5.1 shall be conducted as
8, followed by a dielectric voltage-withstand test as described in 31.1—- 31.3.5.

) each abnormaltest, a neon supply is to be tested on a bench in a 20 — 30°
ss otherwise stated. The grounding means of the neon supply is to be connec
hh a 3-A fast blow type fuse. The neon supply is to be placed on a softwood su
ue paper{and a single layer of cheesecloth is to be draped loosely over the ent
oth uséd)is to be untreated cotton cloth, measuring 14 — 15 yd?/Ib (26 — 28
a count of 32 threads in one direction and 28 threads in the other direction fo

jected to an
neon supply
t of the neon
rated current;

is to be short-circuited. At the conclusion of 1000 cycles;”a dielectric voltage-withstand

[s.

he endurance
hs of burning,

er form of damage to contacts or switching mechanism; and there is no dielectric breakdown

described in

C (68 — 86°F)
led directly to
face covered
re enclosure.
m2/kg), and
each square

37.1.3 The s

upply circuit shall be as specified in 26.2.

Exception: When marked for use only with moving vehicles in accordance with 48.4, the neon supply is
to be connected to:

a) A 15.5-Vdc supply circuit with a 30-A line fuse, when the neon supply is rated 12 Vdc; or

b) A 31-Vdc supply circuit with a 30-A line fuse, when the neon supply is rated 24 Vdc.
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37.1.4 A fuse provided as part of a neon supply that is user accessible is to be shorted out of the circuit.

37.1.5 A user-operated control is to be adjusted to the position representing the most adverse operating

condition.

37.1.6 Abnormal operation tests are to be conducted until ultimate results are obtained, or for 7
continuous hours. Examples of ultimate results include the following:

a) Ignition of the neon supply;

b) El

ectrical breakdown of neon supply;

c) N

d T
oper
exist
each
of thg

e) R
f) An

37.1.7 When
When a mar
minimum res
operative up(q

EoN supply becomes permanently Inoperable by:

1) Opening of one or more capacitors, diodes, resistors, semiconductar de
printed-wiring board traces, or similar part or component, when there"is no
further change;

2) Opening of the intended branch-circuit overcurrent protective device; or
3) Opening of a non-user accessible, non-resettable protective device.
e operating temperatures of the neon supply stabilizes, and it is apparent tha
tion for the full 7 h will not effect the test results: Thermal equilibrium is deter
only when three successive readings indicat&no change when taken at the ¢
of three consecutive equal intervals of timeg/the duration of each interval bein

 following is longer:

1) 5 min; or

bset protector functions ‘inJaccordance with 37.1.7; and
y other condition/that indicates continued operation will not effect the results d

an automatically reset protector functions during tests, the test is to be cont
ual reset protector functions during a test, it is to be operated for 10 cyc
ptting time, at a rate not faster than 10 cycles of operation per minute. The prot
n completion of the test.

T)]n

2) 10% of the total test time elapsed previous to the start of the first interval.

vices,
ndication of

continued
ined to
clusion of
O whichever

f the test.

nued for 7 h.
es using the
ector shall be

Exception:

Ve ttieTmanual Teset protector 15 & Circuit breaker that comphes witt the

Standard for

Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures, UL 489, it is to be
operated for 3 cycles using the minimum resetting time at a rate not faster than 10 cycles of operation per

minute.
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37.1.8 A risk of fire or electric shock is determined to exist when any of the following occurs:

a) Flame or molten metal is emitted from the enclosure of the equipment as evidenced by
ignition, glowing, or charring of the cheesecloth or tissue paper;

b) A

breakdown results from the dielectric voltage-withstand test;

c) Live parts are made accessible;

d) The 3-A non-time-delay ground fuse opens; or

e) The secondary ground-fault protection circuitry becomes disabled and the neon supply is

capaple of delivering an output greater than the rated nput voltage and an OUTpUL G

grea
37.2 Output

37.2.1 Therg
output open-
are obtained

37.3 Abnorm

37.3.1 The f
protection cir
between any
operation. Of

37.3.2 Thec
or any other

Exception:
inductor, or 4

37.3.3 One ¢
test, shall be

37.3.4 The t¢st for each-component shall be conducted until ultimate results are obtained, o

has run for 7

r than 0.5 mA.
ppen-circuit
shall not be damage of insulation of a neon supply following‘ ¢ontinuous o
Lircuit condition at maximum rated primary voltage and rated\frequency until ul
or 7 h.

al component short- and open-circuit
hilure of any component in the input and output.circuits, excluding secondary
cuits, that results in risk of fire or electric shoek, shall be subjected to a sh
two terminals, or to an open-circuit test atZany single connection, during any

ly one short-circuit or open-circuit test js\to be conducted at a time.

pmponent specified in 37.3.1 includes an electrolytic capacitor, a diode, a solid
component not previously investigated and determined to be rated for the app

\n electromagnetic and radio-frequency-interference capacitor, a resistor, a tra
n optical isolator, is not\required to be subjected to this test.

st of each open~ar.short-circuit component condition, using untested compon
conducted.

h, as described in 37.1.8.

urrent of

eration in an
f[imate results

ground-fault
bri-circuit test
condition of

Lstate device,
ication.
ansformer, an

ents for each

I until the test
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37.4 Output short-circuit abnormal temperature test

37.4.1 A neon supply shall operate at not more than 15°C (27°F) above the temperature limits specified
in Table 30.1 when operated in a 40 +5°C (104 +9°F) ambient with the output leads or terminals shorted
together. When the neon supply does not operate with the output leads or terminals shorted together, the
maximum load under the load condition described in 29.2.2(b) (minimum length of tubing the neon supply
operates) is to be placed across the output for this test.

37.5 Output shorted-to-ground abnormal test

37.5.1 A neon supply shall comply with 37.1.8 when operated as specified in 37.1.2 — 37.1.5 and in a 40
+5°C (104 +9°F) ambient with each output lead or terminal individually shorted to ground. The test shall

be conducted

Exception:
accordance |

38 Printed-W
38.1 Abnorni

38.1.1 To cd
38.1.2 — 38.1

38.1.2 Opere
device is not

38.1.3 A sarn
rated supply
as specified |

38.1.4 Durin
the test conti
the circuit is i
repeated two

38.1.5 The t
occurs. Howd
that such a ¢
or until the t¢g

This test is not required on neon supplies provided with secondary ground-faul

untll ultmate results are obtained as specified In 5/.1.0.

Vith the Secondary Ground-Fault Parameters Test, Section 41.
iring Board Tests
al trace-to-trace short-circuit

mply with Exception No. 4 to 24.1, a printed-wiring-board shall be tested ag
5.

ition of an overcurrent protective device otherthan the branch-circuit overcurr
prohibited from occurring during this test,

nple of the neon supply employing a-ptinted-wiring board is to be connected
n Table 24.1 or 24.2 or 24.3, ongat a time.

j this test, when a printed=wiring board trace opens, the gap is to be electricall
hued until ultimate results’are obtained. This procedure applies to each occu
hterrupted by the opening of a component other than as described in 37.3.2, th
more times using-untested components as required.

pst is to be _continued for 1 hour or until one of the conditions described in 37
ver, wheg/at the end of 1 hour no condition described in 37.1.7 occurs, and if
pndition_is to eventually occur, the test is to be continued until ultimate results
st has been run for 7 h.

t protection in

described in

bnt protective

0 its nominal

Circuit. A foil trace is to be short-circuited to each adjacent trace not spaced fronp the foil trace

shorted and
rence. When
E test is to be

1.6 or 37.1.7
dications are
are obtained
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38.2 Conformal coating

38.2.1 For a conformal coating specified in Table 24.4, the coating shall be at least 1/64-in (0.4-mm) thick
and shall comply with:

a) The requirements in 38.2.2 and 38.2.3; and
b) The requirements for use as an insulating material.
Exception: A conformal-coating material that complies with the conformal-coating requirements specified

in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, is not
required to comply with Spacings, Section 24, 38.2.2, and 38.2.3.

0 coated with
plied between

38.2.2 Thred
a conformal d
the conducto

samples of a printed-wiring board without electrical components installedyan
oating, shall be subjected to 2500-Vac dielectric voltage-withstand potential ap
s, followed in turn by:

a) 168 h of a heating-cooling cycle, with each cycle to consist of 4 H in an air-circu
at a tfemperature of 105°C (221°F), followed by 4 h at 25°C (77°FR);

lating oven

b) 168 h of oven conditioning at 100°C (212°F);

c) 168 h of humidity conditioning at 85 +5% relative humidity and 65 +2°C (149 +4fF); and

d) Alrepeated dielectric voltage-withstand test at 2500 Vac.
d for this test are to be equipped with feads already attached so that the test voltage is
ing applied without disturbing the confermal coating. There shall not be dielectTc breakdown
juctors and there shall not be peeling of the coating material due to the condifioning.

Samples use
capable of be
between con

38.2.3 In ad
coated with 4
of 88 +2% a

lition, three samples of a printed-wiring board without electrical components |nstalled, and
conformal coating, shall be-subjected for 48 h to an atmosphere having a relative humidity
nd maintained at a temperature of 32 +2°C (90 +4°F). The humidity conditiogning shall be
tors while the

followed by tf
sample rema
breakdown a

e application of a 25Q0-V dielectric voltage-withstand potential between condud
ins in the humidity-conditioning atmosphere. There shall be no indication ¢
nd there shall notbe peeling of the coating material due to the conditioning.

f a dielectric
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39 Mechanical Tests
39.1 Polymeric mounting means load

39.1.1 Where the mounting means for a wall-mounted neon supply that is intended for permanent
connection to a source of supply and the mounting means for all cord-connected neon supplies rely on
thermoplastic for support, the means and thermoplastic shall withstand the static load test referenced in
39.1.2 without permanent deformation, breakage, or cracking, when mounted as specified in the
manufacturer’s installation instructions.

39.1.2 The mounting means of a unit shall support a static load, while in a 70°C (158°F) air-circulating
oven, of four times the load intended to be supported by the mounting means and not less than 20 lbs

(9.1 kg) for 1

a) A

b) A
39.2 Knocko
39.2.1 In acq
39.2.2 A ford
diameter mar
knockout and
between the
9.5 and Tabl
40 Wire-Bind
40.1 Solid-w

40.1.1 Applig
as specified |

40.1.2 To d
connection, t
without causi

n:

pplied through the center of gravity of the unit in the downward direction,'or
pplied evenly over the horizontal plane of the unit.
it

ordance with 9.6, a knockout shall be subjected to the tést described in 39.2.]

e of 10 Ibs (4.5 kg) is to be applied to a knockout for 1 min by means of a 1/
drel with a flat end. The force is to be applied inia direction perpendicular to th
at the point that results in movement. The knoekout shall remain in place and
knockout and the opening shall not be moresthan the maximum open hole siz
e 9.1, when measured 1 h after removal ‘ef the force.

ing Screw Terminal Tests
re tightening

ation of the normal clamping action of a wire-binding screw and stud-and-nut
N Exception No. 2 ta\14.2.3 and 16.2.4 — 16.2.8, shall not impair the integrity

btermine that M@rmal clamping action as intended does not impair the |
he binding member is to be tightened on a solid wire to the torque of 16 in-

ng:

a) The wire€to be forced from the connector or

1-in (6.4-mm)
b plane of the
the clearance
e specified in

type terminal
bf the joint.

ntegrity of a
bf (1.8 N-m),

b) D

aImage to-any part of thetermimat-btock:

The wire is to be of the maximum and minimum sizes intended to be connected to the terminal block and
is to be formed into a three-quarter loop of a size that is capable of being accommodated by the assembly.
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40.2 Performance verification of terminal assemblies on a terminal block

40.2.1 Following the test described in 40.2.2, the conductor ends shall not be cut off or damaged in any
way that prevents their further use, and no damage shall have occurred to the terminal assemblies, the
terminal block, or the mounting means.

40.2.2 For this test, a terminal assembly is to be supplied for both the maximum rated and the minimum
cross section conductors. The terminal block is to be mounted using its normal mounting means. A
conductor of the maximum rated cross section is to be inserted in the terminal assembly and a conductor
of the minimum cross section of the connector capacity (when specified) in another terminal assembly,
and the clamping screws tightened to 18-in-Ibf (2-N-m) torque. The clamping screws are then to be
unscrewed and new conductors inserted, and the screws tightened as previously specified. The test is to
be repeated five Times using the same clamping units and five new conductors Tor each terminal.

41 Secondafly Ground-Fault Parameters Test

41.1 A neon|supply, required to be provided with secondary ground-fault protection in acq¢ordance with
23.1, shall bg subjected to the test specified as follows:

a) For a ground-referenced mid-point neon supply, the test pracedure in 41.6 is required:;

b) For a ground-referenced end-point return neon supplysthe test procedure in 417 is required;

c) For an isolated output mid-point neon supply, thetest procedure in 41.8 is requifed; and

d) For an isolated output end-point return neon Supply, the test procedure in 41.9 is required.
41.2 A neon|supply intended to comply with the ExCeption to 23.2, relating to a circuit that will permit a
limited output when the equipment grounding .mi€ans is not connected, shall have a measured output
voltage of n¢ greater than the supply voltage and an output current no greater than .5 mA when

subjected to fhe test conditions specified«in_41.3 — 41.5.

41.3 A neon|supply is to be connected to a supply source adjusted to the rated input voltage and then
connected to|each of the following, loads when tested in accordance with 41.4 and 41.5:

a) Rpted output negn,tabing load and
b) With no output load.
41.4 With the neonsupply operating under the conditions specified in 41.3 (a) and (b), |and with the

equipment grlounding conductor not connected to the neon supply, the output current and yoltage are to
be measured:

41.5 With the neon supply operating under the conditions specified in 41.3 (a) and (b), and with the
equipment grounding conductor connected to the neon supply, the equipment grounding conductor is to
be disconnected and the output current and voltage are to be measured.


https://ulnorm.com/api/?name=UL 2161 2016.pdf

72 NEON TRANSFORMERS AND POWER SUPPLIES - UL 2161 APRIL 6, 2016

41.6 A ground-referenced, mid-point neon supply is to be connected to a test circuit as shown in Figure
41.1. At the start of the test, the variable non-inductive type resistors, Vi1 and Vg, are to be set at infinite
resistance and the switches SW1, SW2, and SW3 are to be set in accordance with Test Condition B of
Table 41.1. The test is to be conducted as follows:

a) The neon supply is to be connected to rated input voltage and the output is to be connected
to a red neon tubing load;

b) The test load, L;— L4, is to be adjusted until the output voltage measured across each half of
the load, is equal to 1/4 the maximum rms output voltage, +10% as measured in accordance
with 29.1.3 without capacitance.

¢) When a user or service adjustable control 1S provided, that IS capable of affeciing the trip
current or time, the control is to be adjusted to produce the highest trip currentiand|the longest
trip time.

d) Dpring the test conditions specified below, the time required for the,sécondary dround-fault
protegction circuit to trip after reaching 15 mA shall be measured. Also) the rms output voltage
and the current after the secondary ground-fault protection circuittrips, shall be mepsured.
Durirjg all steps of testing, the secondary ground-fault protectian‘eircuit shall be resettable in
accofdance with 23.10.

Step 1 — Energize the neon supply and lower thewresistance of Vg, until one of the
following occurs:

a) The secondary ground-fault.protection circuit reduces the outpuf before the
fault current reaches 15 mA orwithin 500 ms after the fault current/reaches 15
mA and complies with 23,20 Record the resistance of Vg, at which the
secondary ground-fault_protection circuit trips. For this result, adjusf Vg, to one
half of the resistancerthat was required to cause the secondary grgund-fault
protection circuit t@_trip, de-energize the neon supply and go to Step 2.

b) The resistance of Vi, reaches zero ohms, the output current dges not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this
result increase the resistance of V4 to infinity, de-energize the nepn supply
and(goto Step 3.

c) The secondary ground-fault protection circuit does not trip withir) 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a)).

Stéep 2 — With Vg, set to one half of the resistance required to cause the s¢condary
ground-fautt protection circuit to thp M Step 1, energize the primary of theneon supply
until one of the following occurs:

a) The secondary ground-fault protection circuit reduces the output before the
fault current reaches 15 mA or within 500 ms after the fault current reaches 15
mA and complies with 23.10. For this result, increase the resistance of Vg to

infinity, de-energize the neon supply and go to Step 3.

b) The secondary ground-fault protection circuit does not trip within 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a).
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Step 3 — Energize the neon supply and lower the resistance of Vg, until one of the
following occurs:

a) The secondary ground-fault protection circuit reduces the output before the
fault current reaches 15 mA or within 500 ms after the fault current reaches 15
mA and complies with 23.10. For this result, increase the resistance of Vi, to

infinity, de-energize the neon supply and go to Step 4.

b) The resistance of Vg, reaches zero ohms, the output current does not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this
result, increase the resistance of V r, to infinity, de-energize the neon supply
and go to Step 4.

¢) The secondary ground-fault protection circuit does not trip withir) 500 ms of

the output reaching 15 mA. The results do not comply with 23.10(a)).

Step 4 — Change the test load from red neon tubing to a length'af mercury
in accordance with 41.6(b). Energize the neon supply and lower the resista|
until one of the following occurs:

argon tubing
nce of Vg

before the
reaches 15
e of VRy to

a) The secondary ground-fault protection circuit reduces the outpu
fault current reaches 15 mA or within 500-ms after the fault current
mA and complies with 23.10. For this résult, increase the resistanc
infinity, de-energize the neon supply~and go to Step 5.

b) The resistance of Vi, reachés zero ohms, the output current dges not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this
result, increase the resistance of V4 to infinity, de-energize the nepn supply
and go to Step 5.
¢) The secondaryground-fault protection circuit does not trip withirj 500 ms of
the output reaehing 15 mA. The results do not comply with 23.10(a)).
Step 5 — Energize, the neon supply and lower the resistance of Vg, until one of the
following occurs:

a)\TFhe secondary ground-fault protection circuit reduces the outpu
fault current reaches 15 mA or within 500 ms after the fault current
mA and complies with 23.10. For this result, increase the resistanc
infinity, de-energize the neon supply and go to Step 6.

before the
reaches 15
e of Vg, tO

by~ The Tesistance of Vx; Teaches zero oS, the output current o
15 mA, and the secondary ground-fault protection circuit does not t

es not reach
rip. For this

result, when in Steps 1, 3, and 4, the secondary ground-fault protection circuit
did not trip and the fault current did not exceed 15 mA, refer to 29.2.2 — 29.2.5
and Exception No. 4 to 23.1. When in any of Steps 1, 3, or 4, the secondary

ground-fault protection circuit did trip, increase the resistance of Vg
de-energize the neon supply and go to Step 6.

» to infinity,

¢) The secondary ground-fault protection circuit does not trip within 500 ms of

the output reaching 15 mA. The results do not comply with 23.10(a

).
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Step 6 — Determine between Steps 4 and 5, which step resulted in the secondary
ground-fault protection circuit taking longer to trip upon reaching 15 mA of fault current.
If the ground-fault current for either step did not reach 15 mA, use the step that resulted
in the higher current. Repeat this step, Step 4 or 5 with the switches SW1, SW2, and
SW3 set in the positions specified in Test Conditions A and C — H, in Table 41.1.

Exception No. 1: Do not conduct test with switch SW1 open when the neon supply complies with the
Exception to 23.2, and 41.2 — 41.5.

Exception No. 2: Switch SWZ2 is not to be provided when no return terminal or lead is provided.
Exception No. 3: A neon supply having an output frequency of 100 Hz or greater is only required to be

tested with dither a red neon tubing or mercury/argon tubing load adjusted as specified |n 41.6(b) for
applicable 41.6(d) test steps.

Figure 41.1
Secopdary ground-fault test circuit for ground-referenced, mid-point neon supplies

Case
Ungrounded | (line)
@

e B S
Grounded (nputral) § = — o — —

Grounding ./
®

SWi1 /77 5 77 v Vv < /
Rq R2
1 <]

1)

S37201 - —

Table 41.1
Test switch positions

Test condition swia Swb Sw3
A Closed Closed Closed

B Closed Closed Open

C Closed Open Open
D Closed Open Closed

Table 41.1 Continued on Next Page
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Table 41.1 Continued

Test condition swia Sw2b Sw3
E Open Open Closed
F Open Closed Open
G Open Closed Closed
H Open Open Open

41.5.

a Testing with switch SW1 open is to be omitted when the neon supply complies with the Exception to 23.2, and 41.2 —

b Switch SW2 is to be omitted when a mid-point neon supply does not have a return terminal or lead in accordance with the
Exception to 23.3.

41.7 A grourjd-referenced, end-point return neon supply, is to be connected to a test cirCui
Figure 41.2.
variable, nonfinductive type resistor, Vg;, to the output that is not ground referenced| Vg, i
infinite resistance and switches SW1, SW2, and SW3 are to be set in accordancg.with the T
B in Table 41.1. The test is to be conducted as follows:

t the start of the test, locate the ground-referenced output terminal or lead, an

a) The neon supply is to be connected to rated input voltage and‘the output conne
neon|tubing load;

b) The test load L;— L3 shall be adjusted until the output Voltage measured across
equal to 1/2 the maximum rms output voltage, £10%, as measured in accordance
withgut capacitance.

hen a user or service adjustable control,is provided, that is capable of affectin
t or time, the control is to be adjusted.to produce the highest trip current and

tion circuit to trip after reaching 15 mA shall be measured. Also, the rms outy
e current after the secendary ground-fault protection circuit trips, shall be me
Durirg all steps of testing, the"secondary ground-fault protection circuit shall be res
accofdance with 23.10.

Step 1 — Energize the neon supply and lower the resistance of Vg, until on
followingteccurs:

a) The secondary ground-fault protection circuit reduces the outpu

[ as shown in
H connect the
5 to be set at
est Condition

cted to a red

the load is
vith 29.1.3

g the trip
the longest

round-fault
ut voltage
asured.
ettable in

e of the

before the

fault current reaches 15 mA or within 500 ms after the fault current

reaches 15

mA and complies with 23.10. Record the resistance of Vp, at which the

secondary ground-fault protection circuit trips. For this result, adjust Vg, to one
half of the resistance that was required to cause the secondary ground-fault

protection circuit to trip, de-energize the neon supply and go to Ste

p 2.

b) The resistance of Vg, reaches zero ohms, the output current does not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this

result, increase the resistance of Vg4 to infinity and go to Step 3.

¢) The secondary ground-fault protection circuit does not trip within 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a).
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Step 2 — With Vi, set to one half of the resistance required to cause the secondary
ground-fault protection circuit to trip in Step 1, energize the primary of the neon supply

until one of the following occurs:

a) The secondary ground-fault protection circuit reduces the output before the

fault current reaches 15 mA or within 500 ms after the fault current

reaches 15

mA and complies with 23.10. For this result, increase the resistance of Vg, to

infinity, de-energize the neon supply, and go to Step 3.

b) The secondary ground-fault protection circuit does not trip within 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a).

Step 3 — Change the test foad from red neon tubing to a length of mercury
in accordance with 41.7(b). Energize the neon supply and lower the resista
until one of the following occurs:

a) The secondary ground-fault protection circuit reducgsthe outpu
fault current reaches 15 mA or within 500 ms after the fault current
mA and complies with 23.10. For this result, increase the resistanc
infinity, de-energize the neon supply, and go te Step 4.

b) The resistance of Vg, reaches zero ohuds, the output current do
15 mA, and the secondary ground-fault protection circuit does not

circuit did trip, increase the resistance of Vg, to infinity, de-energizg
supply, and go to Step 4.

c) The secondary ground-fault protection circuit does not trip withir]
Step 4 — The test conditions in Step 3 above are to be repeated with the s
— SW3 set in thespositions specified in Test Conditions A, and C — H, in T4

. 1: Do not test with SW1 open when the neon supply complies with the Exce
1.5.

. 2. A.heon supply having an output frequency of 100 Hz or greater is only 1
ither~a red neon tubing or mercury/argon tubing load adjusted as specified
St.steps in 41.7(d).

the output reaching 15 mA. The results do not comply with 23.10(a)).

argon tubing
nce of Viy

before the
reaches 15
b of Vg to

es not reach
ip. For this

result, when in Step 1, the secondanrground-fault protection circuif did not trip
and the fault current did not exceed-15 mA, refer to 29.2.2 — 29.2.8, and
Exception No. 4 to 23.1. When.in)Step 1, the secondary ground-fadlt protection

k the neon
500 ms of
vitches SW1

ble 41.1.

ption to 23.2,

equired to be
in 41.7(b) for
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Figure 41.2
Secondary ground-fault test circuit for ground-referenced, end-point return neon supplies
Case
Ungrounded (line) l
\

Ry
Grounded (neutral) _
Grounding ./ Sw2

¢ ! ﬂ7L77
SW1 — —

41.8 An isolgted output mid-point neon supply, having an output of greater than 7500 V
combination ¢f terminals or leads, is to be connectéd to a test circuit as shown in Figure 41.

between any
3. At the start

of the test, the variable non-inductive type resistors, Vg, and Vg,, are to be set at infinite rg¢sistance and

the switches [SW1- SW3 are to be set in ac¢cordance with Test Condition B in Table 41.1.
be conducted as follows:

The test is to

a) The neon supply is to be connected to rated input voltage and the output is to He connected

to a fed neon tubing load,

e test load L;~.L, is to be adjusted until the output voltage £10%, measured

hCcross each

half ¢f the load,.is<equal to 1/4 the maximum rms output voltage as measured in agcordance

c) Whetra user or service adjustable control is provided, that is capable of affectin
currenter time, the control is to be adjusted to produce the highest trip current and
trip time.

g the trip
the longest

d) During the test conditions specified below, the time required for the secondary ground-fault
protection circuit to trip after reaching 15 mA shall be measured. Also, the rms output voltage

and the current after the secondary ground-fault protection circuit trips, shall be me

asured.

During all steps of testing, the secondary ground-fault protection circuit shall be resettable in

accordance with 23.10.

Step 1 — Set the resistance of Vg4 to zero ohms.
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Step 2 — Energize the neon supply and lower the resistance of Vg, until on
following occurs:

e of the

a) The secondary ground-fault protection circuit reduces the output before the
fault current reaches 15 mA or within 500 ms after the fault current reaches 15
mA and complies with 23.10. Record the resistance of Vg, at which the
secondary ground-fault protection trips. For this result, adjust Vg, to one half of
the resistance that was required to cause the secondary ground-fault protection
circuit to trip, de-energize the neon supply, and go to Step 3.

b) The resistance of Vi, reaches zero ohms, the output current does not reach

15 mA, and the secondary ground-fault protection circuit does not t

rip. For this

result, Increase the resistance of Vg, and Vg, 10 Infinity, de-energiz
supply, and go to Step 4.

¢) The secondary ground-fault protection circuit does nottrip”withir]

Step 3 — With Vg, set to zero ohms and Vg, set to one half of the resistan
primary of the neon supply until one of the following accurs:
a) The secondary ground-fault protection-Circuit reduces the outpu
fault current reaches 15 mA or withinn500 ms after the fault current
mA and complies with 23.10. For this result, increase the resistanc
VR to infinity, de-energize the geon supply, and go to Step 4.

b) The secondary ground=fault protection circuit does not trip withir

fault current reaches 15 mA or within 500 ms after the fault current
mA @nd complies with 23.10. For this result, increase the resistanc
VR 10 infinity, de-energize the neon supply, and go to Step 5.

b) The resistance of Vg4 reaches zero ohms, the output current do

the output reaching 15 mA. The results do not comply,with 23.10(a)).

the output reaching 15.MA. The results do not comply with 23.10(a).

e the neon

500 ms of

ce required

to cause the secondary ground-fault protection circuit to trip in Step 2, enelfgize the

before the
reaches 15
e of Vg1 and

500 ms of

Step 4 — Set Vg, to zero-ghms, energize the neon supply and lower the registance of
Vg1 until one of the follewing occurs:
a) The secondary ground-fault protection circuit reduces the output before the

reaches 15
e of Vg, and

es not reach

15 mA, and the secondary ground-fault protection circuit does not trip. For this

e the neon

result, increase the resistance of Vg, and Vg, to infinity, de-energiz

suppty, andgo to Step 5.

¢) The secondary ground-fault protection circuit does not trip within 500 ms of

the output reaching 15 mA. The results do not comply with 23.10(a

).

Step 5 — Change the test load from red neon tubing to a length of mercury/argon tubing
in accordance with 41.8(b). With Vg, set to zero ohms, energize the neon supply and

lower the resistance of Vg, until one of the following occurs:
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a) The secondary ground-fault protection circuit reduces the output before the

fault current reaches 15 mA or within 500 ms after the fault current reaches 15
mA and complies with 23.10. For this result, increase the resistance of Vg, and
VRo to infinity, de-energize the neon supply, and go to Step 6.

b) The resistance of Vi, reaches zero ohms, the output current does not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this
result, increase the resistance of Vi, and Vg, to infinity, de-energize the neon
supply, and go to Step 6.

c) The secondary ground-fault protection circuit does not trip within 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a).

1.5,

Step 6 — Set the resistance of Vg, to zero ohms, energize the neon supply|and lower
the resistance of Vg4 until one of the following occurs:

a) The secondary ground-fault protection circuit reducgsthe output before the

fault current reaches 15 mA or within 500 ms after the fault current/reaches 15
mA and complies with 23.10. For this result, increase the resistancg of Vg, and
VRo to infinity, de-energize the neon supply, and*go to Step 7.

b) The resistance of Vg4 reaches zero ohids, the output current dges not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this
result, when in Steps 2, 4, and 5, thexseécondary ground-fault protegtion circuit
did not trip and the fault current did-aot exceed 15 mA, refer to 29.p.2 — 29.2.5,
and Exception No. 4 to 23.1. When in any of Steps 2, 4, and 5, thgq secondary
ground-fault protection circuit'did trip, increase the resistance of Vg, and Vg, to
infinity, de-energize the neen supply, and go to Step 7.

¢) The secondary ground-fault protection circuit does not trip withir) 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a)).

Step 7 — Determine between Steps 5 and 6 which step resulted in the secqndary
ground-fault protectien circuit taking longer to trip upon reaching 15 mA of fault current.
If the ground-fault'current for either step did not reach 15 mA, use the step|that resulted
in the highef cufrent. Repeat this step, 5 or 6, with the switches SW1 — SW3 set in the
positions_Specified in Test Conditions A, and C — H, in Table 41.1.

. 1: Do\not test with SW1 open when the neon supply complies with the Excdption to 23.2,

Exception NO—2—SW27s 10t to-be provided WHeTT 710 TeturT terrmrnal or fead 75 provided:

Exception No. 3: A neon supply having an output frequency of 100 Hz or greater is only required to be
tested with either a red neon tubing or mercury/argon tubing load adjusted as specified in 41.8(b) for
applicable test steps in 41.8(d).
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Figure 41.3

Secondary ground-fault test circuit for isolated output, mid-point neon supplies

Ungrounded (line)

Grounded (neutral)

S N S NI
swi

Grounding ./
@

Swi1 /77577

S3720H

Ve

>
N/

41.9 An isolgted output end point return neon supply, having an output in excess of 7500 frms between
any output tefminals or leads, is to be connected (0 a test circuit as shown in Figure 41.4. At the start of
the test, the jariable non-inductive type resistors, Vg, and Vg,, are to be set at infinite rgsistance and
switches SW|L — SW3 are to be set in accordance with Test Condition B in Table 41.1. The test is to be

conducted aqg follows:

a) The neon supply is to be connected to rated input voltage and the output connefcted to a red

neon|tubing load;

e test load, L~ 3, is to be adjusted until the output voltage measured acrosg the load is

equal to 1/2 the /maximum rms output voltage, £10%, as measured in accordance With 29.1.3

trip time.

hest tri

hetra-user or service adjustable control is provided, that is capable of affecting the trip
ther time, the control shall be adjusted to produce the hi i

current and the longest

d) During the test conditions specified below, the time required for the secondary ground-fault
protection circuit to trip after reaching 15 mA shall be measured. Also, the rms output voltage
and the current after the secondary ground-fault protection circuit trips shall be measured.
During all steps of testing, the secondary ground-fault protection circuit shall be resettable in

accordance with 23.10.

Step 1 — Set the resistance of Vg4 to zero ohms.
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Step 2 — Energize the neon supply and lower the resistance of Vg, until one of the
following occurs:

a) The secondary ground-fault protection circuit reduces the output before the
fault current reaches 15 mA or within 500 ms after the fault current reaches 15
mA and complies with 23.10. Record the resistance of Vg, at which the
secondary ground-fault protection circuit trips. For this result, adjust Vg, to one
half of the resistance that was required to cause the secondary ground-fault
protection circuit to trip, de-energize the neon supply, and go to Step 3.

b) The resistance of Vi, reaches zero ohms, the output current does not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this

result, increase the resistance of Vg, and Vgo t0 INfinity, and go 1o

¢) The secondary ground-fault protection circuit does not trip withir]
the fault current reaching 15 mA. The results do not comply With 23

Step 4.

500 ms of
.10(a).

Step 3 — With Vg, set to zero ohms and Vg, set to one half ©f the resistan
to cause the secondary ground-fault circuit to trip in Step«2, energize the p
neon supply until one of the following occurs:

te required
imary of the

a) The secondary ground-fault protectiop-circuit reduces the outpu
fault current reaches 15 mA or within 300vms after the fault current
mA and complies with 23.10. For this\result, increase the resistanc
VR to infinity, de-energize the neanh-supply, and go to Step 4.

b) The secondary ground-fault'protection circuit does not trip within

the output reaching 15 mA:<The results do not comply with 23.10(a).

a) The secondary ground-fault protection circuit reduces the outpu
fault current reaches 15 mA or within 500 ms after the fault current
mA and,complies with 23.10. For this result, increase the resistanc
VRro(to'infinity, de-energize the neon supply, and go to Step 5.

b) The resistance of Vg4 reaches zero ohms, the output current do

before the
reaches 15
e of Vg1 and

500 ms of

Step 4 — Set V» to zero ohas, energize the neon supply and then lower the resistance
of Vg4 until one of the folowihg occurs:

before the
reaches 15
e of Vg1 and

es not reach

15 mA, and the secondary ground-fault protection circuit does not trip. For this

result, increase the resistance of Vg and Vg, to infinity, and go to

Step 5.

T)— T e Secondary ground-fautt protection circuit does TTot trip withir

500 ms of

the output reaching 15 mA. The results do not comply with 23.10(a).

Step 5 — Change the test load from red neon tubing to a length of mercury/argon tubing
in accordance with 41.9(b). With Vg, set to zero ohms, energize the neon supply and
lower the resistance of Vg, until one of the following occurs:

a) The secondary ground-fault protection circuit reduces the output before the

fault current reaches 15 mA or within 500 ms after the fault current reaches 15
mA and complies with 23.10. For this result, increase the resistance of Vg, and
VR to infinity, de-energize the neon supply, and go to Step 6.
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b) The resistance of Vg, reaches zero ohms, the output current does not reach
15 mA, and the secondary ground-fault protection circuit does not trip. For this
result, increase the resistance of Vg, and Vg, to infinity, de-energize the neon

supply, and go to Step 6.

¢) The secondary ground-fault protection circuit does not trip within 500 ms of
the output reaching 15 mA. The results do not comply with 23.10(a).

Step 6 — Set the resistance of Vg, to zero ohms, energize the neon supply
the resistance of Vi, until one of the following occurs:

and lower

a) The secondary ground-fault protection circuit reduces the output before the

mA and complies with 23.10. For this result, increase the resistahe
VR to infinity, de-energize the neon supply, and go to Step/7:

did not trip and the fault current did not exceed 15 mA, refer to 29.
and Exception No. 4 to 23.1. When in any of Steps 2, 4 or 5, the s

infinity, de-energize the neon supply, andvgo to Step 7.

Step 7 — Determine between Steps5 and 6 which step resulted in the secd
ground-fault protection circuit taking longer to trip upon reaching 15 mA of
If the ground-fault current forceither step did not reach 15 mA, use the step
in the higher current. Repeat this Step, 5 or 6 with the switches SW1 — SW
positions specified in Test Conditions A and C — H, in Table 41.1.

. 1: Do not test withSW1 open when the neon supply complies with the Exce
1.5.

. 2: A neon_supply having an output frequency of 100 Hz or greater is only 1
ither a red-heon tubing or mercury/argon tubing load adjusted as specified
5t steps.in 41.9(d).

fault current reaches 15 mA or within 500 ms atter the tault current

b) The resistance of Vi, reaches zero ohms, the outputCeurrent do
15 mA, and the secondary ground-fault protection cifcuit does not trip. For this
result, when in Steps 2, 4 and 5, the secondary ground-fault proteg

ground-fault protection circuit did trip, increase the resistance of Vg

¢) The secondary ground-fault prétection circuit does not trip withir]
the output reaching 15 mA. The4esults do not comply with 23.10(a)).

reaches 15
e of Vg1 and

es not reach

tion circuit
.2 — 29.2.5,
bcondary

il and VRZ to

500 ms of

ndary

ault current.
that resulted
3 set in the

ption to 23.2,

equired to be
in 41.9(b) for
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Figure 41.4
Secondary ground-fault test circuit for isolated output, end-point return neon supplies
Case
Ungrounded (line) l
V
R2

Grounded (neutral)

Grounding

o o

S3719I1

42 Secondaf
42.1 Genera

42.1.1 The s
ground-fault
subjected to

42.1.2 A neq
condition in ¢
operate fully

42.1.3 Durin
on a white tig

Swi

y Ground-Fault Protection Circuit Abnetmal Tests

econdary ground-fault protection circuit of a neon supply shall comply with t
barameters test in the Secondary Ground-Fault Parameters Test, Section 4
he conditioning specified’in 42.1.3 — 42.7.4.

n supply having. @ circuit feature that limits or shuts off the output as a re
his standard shall be made no longer operational unless the circuit is shown 1
after being.subjected to the abnormal test conditions specified in 42.2.1 — 42.7

) the.conditioning specified in 42.1.4 — 42.7.4, a sample of the neon supply is
sue-paper-covered softwood surface and covered with a single layer of cheesd

and after con

he secondary
|, after being

sult of a test
0 continue to
4.

to be placed
bcloth. During

ditioning. the neon supply shall comply with 42.1.4.

42.1.4 Under the test condition described in the 42.2.1 — 42.7.4, a neon supply with secondary
ground-fault protection shall not:

a) Result in ignition, glowing, or charring of cheesecloth or tissue paper (where charring is
defined as rendering the cheesecloth or tissue paper to black or white ash);

b) Experience primary or input electrical breakdown as determined by the dielectric voltage-

withs

tand test in 31.1.1 — 31.3.5; or
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