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INTRODUCTION

1 Scope

1.1

These requirements cover ignition transformers for use with gas burners and oil burners and

specialty step-up transformers used in applications such as insect electrocuting. Transformers
incorporating overcurrent or over-temperature protective devices, transient voltage surge protectors, or
power factor correction capacitors are also covered by these requirements. These transformers are
intended to be used in accordance with the National Electrical Code, NFPA 70.

1.2 These requirements do not cover liquid-immersed transformers, variable voltage autotransformers,
transformers having a nominal primary rating of more than 600 volts, transformers having overvoltage taps

rated over 66
swimming po
other electrica

D volts, cord and plug connected transformers, garden light transformers, volta
bl and spa transformers, or other special types of transformers covered-in ré
| devices or appliances.

1.3 These requirements do not cover:

a) Aut

btransformers used in industrial control equipment, which areevaluated in ag

the Standard for Industrial Control Equipment, UL 508.

b) Cla
Voltag
Voltag

c) Toy
697.

d) Tre
accord
and Tg

e) Tra
with th

f) Tra

5s 2 or Class 3 transformers, which are evaluated.ih.accordance with the Stz
e Transformers — Part 1: General Requirements,"UL 5085-1, and the Sta
e Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

transformers, which are evaluated in accordance with the Standard for Toy Tra
nsformers for use with radio- and television-type appliances, which are

ance with the Standard for Transformers and Motor Transformers for Use in A
levision-Type Appliances, UL1411.

hsformers for use with high intensity discharge lamps, which are evaluated
e Standard for High-Intensity-Discharge Lamp Ballasts, UL 1029.

nsformers for use~”with fluorescent lamps, which are evaluated in accord

Standard for Fluorescent-Lamp Ballasts, UL 935.

g) Ver
than c
for Dry

tilated transformers for general use or non-ventilated transformers for gene
bmpound filled or exposed core types), which are evaluated in accordance wit
-Type’ General Purpose and Power Transformers, UL 1561.

ge regulators,
uirements for

cordance with

ndard for Low
hdard for Low

nsformers, UL

evaluated in
A\udio-, Radio-,

in accordance

ance with the

ral use (other
h the Standard

h) Dry-type distribution transformers rated over 600 volts, which are evaluated in accordance with
the Standard for Transformers, Distribution, Dry-Type — Over 600 Volts, UL 1562.

i) Transformers incorporating rectifying or waveshaping circuitry evaluated in accordance with the
Standard for Power Units Other Than Class 2, UL 1012.

j) Transformers of the direct plug-in type evaluated in accordance with the Standard for Class 2
Power Units, UL 1310.

k) Transformers for use with electric discharge and neon tubing, which are evaluated in accordance

with th

e Standard for Neon Transformers and Power Supplies, UL 2161.

[) General purpose and industrial control transformers evaluated in accordance with the Standard
for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for
Low Voltage Transformers — Part 2: General Purpose Transformers, UL 5085-2.
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2 General

21

211

Components

Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with

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

2.1.2 A component 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 sy

213
use.

A com

2.1.4 Specifi
capabilities. §
temperatures

2.2 Units of

2.21
value is the re

2.2.2 Unless
mean-square

2.3 Undated

2.3.1 Anyun
be interpreted

3 Glossary

3.1 Forthep

When @ value for measurement is followed by a value in other units in parentheses, t

perseded by a requirement in this standard.

ponent shall be used in accordance with its rating established for thé-intended

N
9

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

measurement

uirement.

otherwise indicated, all voltage and current values mentioned in this stanc
rms).

references

dated reference tosa'code or standard appearing in the requirements of this
as referring to the.latest edition of that code or standard.

urpose of this standard, the following definitions apply.

conditions of

performance
th as certain

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

he first stated

jard are root-

standard shall

3.2 COMPO
insulating fluid

that becomes solid, or remains plastic, at intended operating temperatures.

UND-FILLED TRANSFORMER = A fransformer in which the windings are enclosed with an

3.3 ENCAPSULATED COIL — A coil that is enclosed with an insulating fluid that becomes solid.

3.4 EXPOSED CORE TRANSFORMER - A transformer with exposed core lamination.

3.5 NONVENTILATED DRY-TYPE TRANSFORMER - A dry-type transformer other than of the
compound-filled or exposed core-type that is constructed so as to provide no intentional circulation of
ambient air through the transformer and is intended to operate at normal ambient room air pressure.

3.6 VENTILATED DRY-TYPE TRANSFORMER — A dry-type transformer that is constructed so that
ambient air may circulate through the enclosure to cool the transformer core and windings.
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3.7 WINDING — A continuous conductor made up of a number of turns magnetically coupled to a
magnetic core, to which a voltage is either applied or induced. Two or more such conductors that are
permanently factory connected together to form intermediate voltage taps, current taps, or the like are
considered to be a single winding. The winding can consist of single or parallel-wound conductors.

ALL TRANSFORMERS

CONSTRUCTION

4 Mechanical Assembly

4.1 A transf

rmer shall be formed and assembled so that it will have the strength and rigi

dity necessary

to resist the &
shall not resu
due to total or

5 Enclosure

5.1 In additi
enclosure sur|

5.2 A sheet
(0.66 mm) if u

Exception: SH
than 0.023 in
length of 2-1
portion. Fiqur

buses to which it is likely to be subjected. A risk of fire, electric shock, ornj
It from a reduction of spacings, loosening or displacement of parts, or other
partial collapse of the transformer.

on to the overall enclosure, the requirements in 5.2 — 5:45 apply to those
founding a terminal or wiring compartment.

steel enclosure shall be formed from stock having. a thickness of not less th
ncoated or not less than 0.029 inch (0.74 mm) if'zinc coated.

eet steel having a thickness of not lessxthan 0.020 inch (0.51 mm) if uncoa
rh (0.58 mm) if zinc coated may be used for drawn end bells having a max
1 inches (57.2 mm) on the flat portion’and 1-1/2 inches (38.1 mm) at the bas
p 5.1 illustrates these portions of an‘end bell.

Liry to persons
serious defect

portions of an

an 0.026 inch

ed or not less
imum width or
b of the drawn
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Figure 5.1
End bell

BASE OF THE
DRAWN PORTION

/\ FLAT
~~ PORTION

S2008

5.3 A sheet pluminum enclosure shall be formed from stock having a thickness of not legs than 0.040
inch (1.02 mmj.

5.4 The thickness of a sheet steel.enclosure is determined by taking the numerical ayerage of five
micrometer readings equally spaced across the full width of the sheet as rolled.

5.5 The thickness of an_ehclosure of nonferrous sheet metal shall provide strength and rigidity not less
than that of anlenclosuré of sheet steel as described in 5.2.

5.6 A cast ion_englosure shall not be less than 1/8 inch (3.2 mm) thick at any point gnd of greater
thickness at rginforcing ribs and edges of doors or covers.

5.7 A castiron enclosure shall not be less than 1/4 inch (6.4 mm) thick at tapped holes for conduit.

5.8 If threads for the connection of conduit are tapped all the way through a hole in a transformer
enclosure, or if an equivalent construction is used, there shall not be less than 3-1/2 or more than 5
threads in the metal. The construction shall enable the secure attachment of a standard conduit bushing.

5.9 If threads for the connection of conduit are tapped only part of the way through a hole in the
enclosure, there shall not be less than 5 full threads in the metal. There shall be a smooth, well-rounded
inlet hole to provide a passage equivalent to that provided by a standard conduit bushing.

5.10 A transformer intended to be supported by rigid metal conduit shall have conduit hubs with not less
than 5 full threads or other equivalent supporting means of such strength that these parts would comply
with the requirements specified in the Pullout, Bending, and Twisting Tests, Section 16.
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5.11

constructed in accordance with Table 5.1.

A knockout for the connection of conduit to a wiring compartment of a transformer shall be

Dimensions of conduit bushings and dia;?elt)é?' ggknockouts and widths of flat surrounding
surfaces
Bushings Knockout diameter Minimum width of
Trade flat surrounding
size of Overall diameter, Height, Minimum, Maximum, surface,
conduit,
inches | inches (mm) inches (mm) inches (mm) inches (mm) inch (mm)
12 1 (25.4) 3/8 (9.5) 0.859 (21.82) 0.906 (23.01) 0.13 (3.4)
3/4 1-15/64 (31.4) 27/64 (10.7) 1.094 (27.79) 1.141 (29.98) 0,16 (4.1)
1 1-19/32 (40.5) 33/64 (13.1) 1.359 (34.52) 1.406 (35.71) 0.20 (5.0)
1-1/4 1-15/16 (49) 9/16 (14.3) 1.719 (43.66) 1.766 (44(86) 0.p7 (7.0)
1-1/2 2-13/64 (56) 19/32 (15.1) 1.969 (50.01) 2.016 (5+:21) 0.81 (7.8)
2 2-45/64 (68.7) 5/8 (15.9) 2.453 (62.31) 2.50 (63.50) 0.86 (9.2)
2-1/2 3-§/32 (81.8) 3/4 (19.1) 2.953 (75.01) 3.00 (76.20) 0.80 (7.8)
3 317/8 (98.4) 13/16 (20.6) 3.578 (90.88) 3.625 (92.08) 0.83 (8.3)
3-1/2 4116 (113) 15/16 (23.8) 4.094 (103) 4.156 (105) 0.p4 (8.6)
4 4-31/32 (126) 1 (25.4) 4.609 (M7) 4.672 (118) 0.88 9.7)
5 6-f/32 (158) 1-3/16 (30.2) 5.688 (144) 5.750 (146) 0.48 (12).2
6 7-§/32 (183) 1-1/4 (31.8) 6.781 (172) 6.844 (173) 0.56 (14.2)
5.12 There ghall be space provided within a.términal or wiring compartment for a stgndard conduit

bushing to be

5.13 Wires
the risk of cor
insulation.

5.14 Wiring

fin, moving p3
or cause a cu

5.15 An edg

mounted on rigid metal conduit.connected to the compartment.

vithin an enclosure, compartment, raceway, or the like shall be located or gua
tact with any sharp edge;burr, fin, or moving part, that may cause damage to|

rded to reduce
the conductor

space or other‘compartments provided for field wiring shall be free of any sharp edge, burr,

rt, or sharpspoint of a sheet metal screw that may cause damage to the condd

-type injury.

e, projection, or corner of an enclosure, opening, frame, guard, knob, or han

shall be smoa

th-and rounded and not sharp to cause a cut-type injury when contacted durin

ctor insulation

ile of a device

g intended use

or maintenance.

6 Corrosion Resistance

6.1 The internal and external surfaces of an enclosure of iron or steel, other than stainless steel, shall be
corrosion resistant. Examples of corrosion resistance means that comply with these requirements are
galvanizing, plating, and enameling.

Exception No. 1: An interior surface covered by compound need not be additionally resistant to corrosion.

Exception No. 2: A Type 1 or Type 2 enclosure need not be additionally resistant to corrosion if it complies
with the rust resistance test described in the Standard for Enclosures for Electrical Equipment, Non-
Environmental Considerations, UL 50.
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7 Wiring Terminals

7.1
transformer is

installed.

For these requirements, wiring terminals are those to which connections are made in the field when a

7.2 When a transformer is intended for mounting on an outlet box, wiring terminals that will be inside the
box after the transformer is installed shall be located or recessed so that contact between these terminals

and wires wou
8 Leads-In

8.1 The con
transformer sk

8.2 Whena
by compound

security shall not be required.

8.3 Strainre
to the connect

8.4 A strain
type compoun
shall comply
Purpose Trang

8.5 The surf
shall be green

8.6 Thermop
been investiga
include a con
compounding

8.7 The typs
indicated in T3
type of flexible

Id be unlikely after the transformer is installed.

cluding Flexible Cords

ead is rigidly held in place without the use of solder or if it is intended-to be ret
or other means so as not to be subjected to appreciable motion, addition

ief shall be provided so that stress on a lead, including.a flexible cord, will not |
on inside the transformer.

relief means shall not depend solely on adhesion between the conductor an

vith the Strain Relief Test in the Standard{oer Low Voltage Transformers — P
formers, UL 5085-2.

hce of an insulated lead intended, for the connection of an equipment ground
with or without one or more yellow stripes. No other lead shall be so identified.

lastic-insulated wire and_ flexible cord shall not be used for a transformer lead
ted and determined,t0.be acceptable for the application. The investigation
sideration of the strain relief means used, as well as the effects of the v
bperations of the insulation of the lead.

s of flexiblecord that may be used with an ignition transformer (Sections
ble 8.1 from the lightest to the heaviest. Where these requirements specify
cord;-all of the heavier types following it in the table may also be used.

r part of the

all be soldered, welded, or otherwise securely connected within the enclosuje. A soldered

joint shall be npade mechanically secure before being soldered.

nined in place
bl mechanical

be transmitted

d an asphalt-

d. When epoxy- and polyester-type compounds are used for strain relief, the¢ construction

hrt 2: General

ng conductor

unless it has
s to normally
brnishing and

38 — 54) are
any particular

Table 8.1
Types of cords

C
SP-2, SPE-2
SPT-2
PD
SV, SVE
SVO, SVOO
SVT
SVTO, SVTOO

Table 8.1 Continued on Next Page
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Table 8.1 Continued

SJ, SJE
SJO, SJOO
SJT
SJTO, SJTOO
S
SO, SO0
ST
STO, STOO

9 Internal V‘Iiring

9.1 The inte
subjected.

9.2 Asplice

9.3 A splice

rnal wiring of a transformer shall be rated for the temperature and voltage to

shall be provided with insulation equivalent to that gn the wires involved i

maintain pernpanence of spacing between the splice and uninsulatedlive parts.

9.4 Aluminu
carrying partg
the combinati

shall be terminated at each end by a method, that has been determined to be
bn of metals at the connection points.

10 Bushings for Low Voltage Wiring — Nominal-600 Volts or Less

10.1  Abush
a) Por
b) Col
c) Fibg

d) Oth

ng used in a transformer intended for outdoor use shall be of:
Celain,

i-molded or phenolic.composition,

r that has begn-reated to render it resistant to moisture, or

br equivalent insulating material.

10.2 An untlleated fiber bushing shall only be used in a transformer intended for indoor use,

or connection shall be mechanically secure and shall provide electrical contact.

M conductors, insulated or uninsulated, used«for'internal interconnections be

which it will be

necessary to

ween current-
acceptable for

10.3 A fiber bushing shall have a wall thickness of not less than 3/64 inch (1.2 mm) and shall be formed
and secured in place so that it would not be adversely affected by conditions of moisture or intended use.
A fiber plate not less than 1/32 inch (0.8 mm) thick, with a punched hole, may be used instead of a bushing
when the cord or wire is rigidly held in position.

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

10.5 A cord- or wire-entry hole in an enclosure, a partition, or bushing shall be smooth, well-rounded,

and without b

10.6 Abush

urrs or fins that might damage the conductor insulation.

ing shall be securely held in place.

10.7 Aninsulating bushing is not required at a point where a low-voltage wire or cord passes through:
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a) A hole in an interior metal wall or barrier,

b) A hole in insulating material,

¢) A conduit nipple or hub, or

d) An armored cable connector or the equivalent.

An insulating bushing is not required where a Type SV or heavier flexible cord enters the enclosure of a

transformer.

1"

Insulating Material for Mounting Low-Voltage Live Parts — Nominal 600 Volts or Less

11.1  Materia
composition, d
compositions

Exception: Th
similar parts W

12 Coil Insujation

12.1 Coils s

windings and the core and the enclosure.

12.2 Coil ing
moisture.

12.3 Film-co
13 Wiring D

13.1 A switc
surface.

PERFORMAN

14 General

for the mounting of low voltage live parts shall be glass, porcelain, phenolic|o
r equivalent insulating material. Untreated fiber, rubber, wood, and hot-molded
shall not be used.

s requirement does not apply to material used for separators, spacers, coil
ithin a transformer enclosure.

nall be constructed to provide insulation between ‘the various windings and

ulation, unless inherently moisture-resistant, shall be treated to render i

bvices

N or other wiring device shall be mounted so that it will not turn with regard to

CE

bted wire is not required to be additionally treated to reduce moisture absorptign.

I cold-molded
shellac or tar

supports, and

between the

t resistant to

=]

the mounting

14.1
14.1.

Unless

therwisespectified; atttests—are tobeconmductedat thesuppty voltagesspe

cified in Table

Exception: When a transformer is provided with one or more primary voltage winding taps, the lowest
rated full capacity tap is to be used. The test voltage applied to this tap is to be the rated tap voltage. When
the voltage is expressed as a range, the highest voltage of the range is to be used.
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Table 14.1
Values of test voltages

Rated primary voltage Test voltage

Less than 110 Rated voltage?®
110 - 120 120

Over 120 and less than 220 Rated voltage?®
220 - 240 240

Over 240 and less than 254 Rated voltage®
254 - 277 277

Over 277 and less than 440 Rated voltage?®
440 - 480 480

Over 480 and less than 550 Rated voltage?
550 — 600 600

Over 600 — 660 Rated voltage?®

2f the rated volfage is expressed as a range, the maximum voltage of the range is to be used,

15 Tempergture Test

15.1 Requirgments relating to heating are based on an ambient air temperature of 25°C. |A temperature
test may be cpnducted at any ambient air temperature; however, the variation from 25°C shall be added to
or subtracted [from the observed temperature reading.

15.2 Other than in those cases where it is specifically’stated that temperature determinafions are to be
made by the ¢hange-of-resistance method, temperatures are to be measured by means of thermocouples.
A thermocouple-measured temperature is to be considered constant if three successive reaflings, taken at
intervals of 10 percent of the previously elapsed duration of the test (but at not less fthan 5-minute
intervals), ind|jcate no change. The junction:of the thermocouple is to be secured in contac{ with the point
on the surfacg at which the temperature)is to be measured. The thermocouple is to consist of wires not
larger than 24 AWG (0.21 mm?).

Exception Ng. 1: Where the.thermocouple is used to measure temperatures of electricglly live points,
electrical insylation having a-maximum thickness of 0.028 inch (0.71 mm) may be locate@l between the
thermocoupld and the livépoints.

Exception No| 2: The.coil temperature is to be determined by the change-of-resistance method.

i D Tha aopahiant fomamarafira o, bhao odopmaimad b, o fh o pia g ofa
EXCept’On NC. J. rrre arrivrerit tCiriperaturC rriray G UCtCTTimnricUu Uy a ureriimouritictor.

15.3 When thermocouples are used in the determination of temperatures in connection with the heating
of electrical devices, it is standard practice to use thermocouples consisting of 30 AWG (0.05 mm?) iron
and constantan wires and a potentiometer-type indicating instrument. Such equipment is to be used
whenever referee temperature measurements are necessary. The thermocouple wire is to comply with the
requirements for Special Tolerances thermocouples as listed in the Tolerances on Initial Values of EMF
versus Temperature tables in the Standard Specification and Temperature-Electromotive Force (emf)
Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

15.4 The temperature rise of a copper or aluminum winding is to be determined by the change-of-
resistance method using the following formula (windings are to be at room temperature at the start of the
test):
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in which:

R
At=—(k+ 1)~ (k+1,)

A tis the temperature rise,

R is the resistance of the coil at the end of the test,

ris the

resistance of the coil at the beginning of the test,

k is 234.5 for copper and 225.0 for aluminum,

room temperature in degrees C at the beginning of the test, and

room temperature in degrees C at the end of the test.
Bending, and Twisting Tests

and fixture connections of a transformer constructed for support by rigid meta
D!

Il of 200 pounds-force (890 N),

nding moment of 600 pound-inches (67.8 N-m),»and

c) A tonque of 600 pound-inches,

t; is the
t, is the
16 Pullout,
16.1  Condui
be subjected t
a) A pd
b) A be
Each shall be
16.2 When't

Applied in turn for 5 minutes. The connections shall not be pulled apart followin

ne pullout test is conducted, the transformer is to be supported by rigid metal

intended manmer. The transformer is then.to be caused to support a weight of 200 pounds

fixture stud of
equivalent thre

16.3 When t
means other t
anglestoits a

similar fitting is provided, the weight is to be supported from rigid metal ¢
aded onto this fitting'so that the stud and the conduit connection are tested sin

ne bending and_twisting tests are conducted, the transformer is to be rigidly
nan the conduit fittings. In the bending test, the force is to be applied to the ¢
is. The lever arm is to be measured from the inner end of the threaded sectior

hub- or stud-type connection, to the point of application of the bending force.

16.4 In the t

| conduit shall

g this test.

conduit in the
90 kg) or, if a
onduit or the
hultaneously.

supported by
onduit at right
, in a conduit-

prsion test. the torque is to be applied to the conduit in a direction tending

to tighten the

connection and the lever arm is to be measured from the center of the conduit.

MARKINGS

17 Details

171

If a manufacturer produces transformers of a particular type (for example, ignition transformers) at

more than one factory, each finished transformer shall have a distinctive marking, which may be in code,
by which it may be identified as the product of a particular factory.
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SPECIALTY STEP-UP TRANSFORMERS

GENERAL

18 Details

18.1

A specialty step-up transformer is a step-up transformer intended to supply very low current for

applications such as insect electrocuting. Typically, the secondary voltage would range between 5000 and
15,000 V. It may be of the weatherproof, outdoor non-weatherproof, or indoor type. The requirements in
18.2 — 37.2 do not contemplate use of the transformer in an application in which it is mounted in a confined
space inside a wall, ceiling, and the like, as in some indoor illuminating systems.

18.2 A reacior supplied as a part of a specialty step-up transformer shall comply with thé)r
Sections 19 -{37.

18.3 The refuirements for a speciality step-up transformer in Sections 19 — 37ate to be
addition to thgse specified in Sections 1 —17.

CONSTRUCTION

19 General

19.1 There ghall not be electrical connection between primary and secondary windings

step-up transt

19.2 There
may be tapp¢g
multiseconda
such a transfq

19.3 A com
the enclosure

20 Enclosu
20.1 A sped

enclosure of
(insulated and

ormer.

uirements in Sections 19 — 37 cover-atransformer having a single seconda
d and that may consist of two or more’ electrically interconnected coils. They

rmer is to be determined for use*only on the basis of an investigation.

pound shall not be depended upon to prevent shifting of the core-and-coil as
if such shifting mightresult in reduction of spacings or in stress on internal con

re

alty stepsup-transformer of other than the open core-and-coil type shall be pr
metal ‘or-of material having equivalent properties. The enclosure shall hous
uninsulated).

bquirements in

considered in

of a specialty

y winding that
do not cover a

y-winding transformer in which the secondary windings are not electrically inferconnected —

sembly inside
nections.

bvided with an
b all live parts

Exception: The primary and secondary terminals or leads need not be enclosed in a transformer of a type

other than as

20.2 Thefol

described in 20.2.

lowing leads or terminals shall be enclosed:

a) Primary and secondary terminals of a weatherproof transformer.

b) Primary terminals of a transformer having receptacles, bushings, or openings for the insertion of

tubing

electrodes.

c) Secondary terminals or leads of a portable transformer intended exclusively to rest on a

horizo

ntal surface, such as a counter, shelf, table, and the like.

20.3 Regarding 20.2(c), a portable transformer is not to be considered as intended exclusively for
support by a counter, shelf, and the like, if the transformer is constructed so that it can be supported by
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suspension mounting and if the arms, brackets, chains, or similar accessories necessary for such
mounting are available.

20.4 A compound that covers high-voltage parts (including windings) may be exposed when a cover is
removed for wiring or servicing the transformer. With some restrictions for indoor-type transformers as
noted in 24.6, a transformer may be accessible even though the construction is such that uninsulated
secondary parts would be exposed when a cover is removed for wiring or servicing.

20.5 A surface of iron or steel, other than stainless-steel parts, shall be corrosion resistant. Such

surfaces may be protected by galvanizing, plating, or enameling.

Exception: An interior surface covered by compound need not be additionally corrosion resistant.

20.6 Theen

20.7 A trans
portable use 1
though such n

20.8 The co
place. Friction
conductors sh

20.9 A const

losure shall be provided with means for mounting.

former that is supplied with a flexible cord and an attachment plug and is
hay be provided with means for attachment to hanging bracketsy_¢hains, and
eans could be used for mounting the transformer permanently.and rigidly.

er of an enclosure shall be provided with means (sugh as screws) for firmly
alone is not to be used. A cover that must be removed to permit the conne
hll not be provided with means for the connection of«conduit.

Fuction involving the use of sheet metal screws for securing the assembly of a

a portion of thg enclosure shall be investigated to determin€ its acceptability.

20.10 A swit
readily replacq
20.11  Aswit

20.12 Agas

ch shall not be mounted on a removable part of an enclosure unless the s
d without damage to such part.

th provided on an outdoor.transformer shall be investigated.

et used with a wiring. terminal or with a bushing for a secondary lead shall be

intended for
the like even

securing it in
ction of circuit

ransformer to

witch can be

of a material

that does not ¢lecompose readily;\if the malfunction of the gasket would be likely to result in & risk of fire or

electric shock,
21 Insulatin

21.1 Materia

such as a loosg connection or a reduction of spacings below the minimum req
g Materials

for.the mounting of high-voltage (more than 600 volts) live parts shall be po

or insulating m

uirement.

rcelain, glass,

aterial that has been determined to be the equivalent.

22 Connections

221

2211

Primary terminals and leads

transformer enclosure, if of metal, by one of the following means:

If a transformer is not provided with a terminal or wiring compartment, the leads shall enter the

a) Through separate holes in insulating material or through separate insulating bushings. For a
weatherproof transformer, there shall be a spacing of not less than 2 inches (50.8 mm) between
leads and a spacing of not less than 0.5 inch (12.7 mm) between each lead and the surface on
which the transformer is mounted. For a transformer other than a weatherproof transformer, the
corresponding minimum spacing requirements are 1 inch (25.4 mm) and 0.5 inch, respectively.
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b) Through a conduit nipple or through an armored-cable or metal-conduit (rigid or flexible)
connector.

c) Through a single hole without a fitting, if the transformer is intended for use inside another
enclosure.

d) By a flexible cord, as specified in 22.1.8.

22.1.2 If the transformer is not provided with a terminal or wiring compartment, the length of a lead
outside the transformer enclosure shall not be less than 10 inches (254 mm) if the lead enters the
enclosure by the means described in 22.1.1(a) and if the transformer is of the weatherproof type;
otherwise, the length of the lead shall not be less than 6 inches (152 mm). The lead of an open core-and-

coil transform

rehall nat ha lass than 6 inches-inlanath
—SHat-HotBe-1855tHah HEeHReSH—eRgH-

2213 Ifat
inside the wiri

2214 A les
voltage rating

2215 Alea

2216 Aleq

ransformer is provided with a terminal or wiring compartment, the free(lengt
hg compartment shall not be less than 6 inches (152 mm).

d shall be rated for the temperature to which it is likely to be subjected an
of not less than the maximum rated primary voltage of the transformer.

d shall have an ampacity of not less than the primary carrent rating of the trang

d of a transformer intended for use outdoors shall be of Type RH, of other a

having 1/32 ipch (0.8 mm) or more rubber insulation plus an.Jmpregnated braid, or of wire

be the equiva

22.1.7 Aled
determined to

Exception: A
2, or of wire d
the constructi

22.1.8 Athr
may be used
may be used

2219 Thef

ent. The lead shall not be smaller than 14 AWG (2.1 mm?).

d of a transformer not intended for use outdoors shall be of Type RH wire, 0
be acceptable for use, and shall not'fe smaller than 14 AWG (2.1 mm?).

ransformer not intended for use outdoors may be provided with leads of Type
etermined to be the equivaleht, and not smaller than 18 AWG (0.82 mm?) if
bn described in 22.1.1(a):

be-conductor flexible' cord, not lighter than Type C and not smaller than 18 AV)
for the power supply connection of a portable indoor-type transformer. A Ty,
n the 18 — 16:AWG (0.82 — 1.3 mm?) sizes.

h of each lead
i shall have a
former.

cceptable wire
determined to

r of other wire

FFH-2 or RHF-
{ does not use

G (0.82 mm?)
be SPT-3 cord

exible*cord specified in 22.1.8 shall have one conductor finished to show a ¢

color, with or

tinuous green

o}
vithout one or more yellow stripes, to serve as the equipment grounding conc{'uctor. A three-

blade attachment/plug of the grounding type shall be provided on the supply end of the cord.

22.1.10 A flexible cord shall comply with the requirements in 22.1.4 and 22.1.5. If a knot in a lead or a
flexible cord serves as the strain relief, the surface against which the knot may bear or with which it may
come in contact shall be free from projections, sharp edges, burrs, fins, and the like that might cause
abrasion of the insulation on the conductors.

22.1.11 If the insulation on an individual conductor of a flexible cord is less than 1/32 inch (0.8 mm) thick,
additional insulation may be required on the individual conductors after they have been separated inside
the transformer enclosure.

22.1.12 A transformer equipped with flexible cord and an attachment plug may also be provided with
knockouts for the connection of rigid metal conduit.

22.1.13 The setscrew form of wiring terminal shall not be used.
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22.1.14 The terminal plate and the wire-binding screw or stud and nut of a wiring terminal shall be of
nonferrous metal.

Exception: A No. 10 (4.8 mm) or larger wire-binding screw may be of iron or steel if plated. Copper or
brass shall not be used for plating of a steel wire-binding screw, but a plating of cadmium or zinc may be
used.

22.1.15 A terminal plate or a wiring terminal shall not be less than 0.030 inch (0.76 mm) thick and shall
have not less than two full threads in the metal for the binding screws.

22.1.16 Wiring terminals shall be provided with upturned lugs, cupped washers, or equivalent means to

retain the wires under the heads of screws or under nuts.

22117 A wi
than 32 thread

22.1.18 A wi
shifting in posi

22.1.19 The
mounted, as

insulating compound is generally not to be used as a means 10 restrict turning of fixed

unless the siz
that the termin

22120 Alo
twisting motio
required — for

the insulating material in which the screw is méunted.

22.1.21
(primary leadg
contact betwe
be installed or

Exception: A B
a compartmen

a) The

A barrier shall be provided(inta wiring compartment that encloses primary wi

Fe-binding screw or stud shall not be smaller than No. 6 (3.5 mm) and shall h
s per inch (1.26 threads per mm).

ring terminal shall be securely and rigidly mounted and shall be& restricted fr
tion by means other than friction between surfaces.

requirement in 22.1.18 applies to the turning of a terminal'stud in an insulato
vell as to the turning of the insulator with regard ta the transformer enclosu

b or shape or both of the part which is surrounded with compound is such thg
al will be held in position.

Ck washer shall not be used as the sole means to restrict turning at a tern
h is involved when a conductor is b&ing connected. The use of a more pos
example, the use of a square- or hexagonal-head screw with a similarly sha

ave not more

om turning or

rin which it is
re. Sealing or
erminal parts
t it is obvious

ninal in which
tive means is
ped recess in

ing terminals

to which connection will be made in the field) or a power supply cord to reddice the risk of

bn all primary partstand all secondary parts, including primary and secondary
to which conneection will be made in the field.

arrier is not required between a power supply cord and factory-installed seco
tif:

construction is such that no connection will be made to the secondary leads in

leads that will

hdary leads in

the field and

b) The flexible cord is secured by a clamp or the equivalent so as to restrict displacement that
would reduce the spacings between the cord and the secondary leads to values less than those

require

22.1.22 The

d.

barrier specified in 22.1.21 shall comply with the requirements in 22.2.8.

Exception: The barrier may be of fiber or similar material if:

a) The spacings specified in Table 23.3 between primary and secondary parts (uninsulated and
insulated) are provided between secondary parts and the barrier and

b) The secondary is not provided with wiring terminals or with leads to which connection is to be
made in the field.
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22.1.23 A clamp or similar device used as described in 22.1.21 for securing the flexible cord shall have
smooth, well-rounded edges to reduce the risk of damage to the insulation of the conductors.

22.2 Secondary terminals and leads

22.2.1

however, they may be made of iron or steel if plated as a means of corrosion resistance.

Secondary wiring terminals shall be constructed as specified for primary wiring terminals;

22.2.2 A secondary lead shall be of stranded Type GTO cable. The lead shall not be less than 14 AWG
(2.1 mm?), except that it may not be less than 18 AWG (0.82 mm?) for a transformer intended for a
portable device where the lead is:

a) Per!

b) Not

For a transfo
used for a led
two secondar
requirement).
transformer h
voltage rating

Exception: An
secondary leé
than 6 incheg
conductors.

2223 Ata
passes throu
(separate lea

2224 Forl
used for secq
provided with
used if the vo
case for seco

2225 If a

;

manently attached within the transformer enclosure and

longer than 8 feet (2.44 m).

mer not having an end-point-grounded secondary winding, theqveltage ratin
d, including a grounded lead, shall not be less than the maximum rated voltag
y leads (a grounded secondary terminal is to be considered a'lead for the
The voltage rating of the cable used for a secondary lead)-including a groun
pving an end-point-grounded secondary winding shallinot be less than twice
of the transformer.

open core-and-coil specialty step-up transforiner may have other than high vg
ds but such leads shall not be less than 20/AWG (0.52 mm?) in size and sha
(1562 mm) in length. Leads other than stranded Type GTO cable are to be t

point where a secondary lead, other than a grounded lead or stranded Tyg
h a metal partition, including thé wall of the enclosure, there shall be an insu
s may pass through individual holes in the same piece of insulating material).

pads other than stranded Type GTO cable, bushings of glazed porcelain or s
ndary leads. Bushings of unglazed porcelain may be used in an indoor-tyy
an outlet box (or connection compartment. Bushings of phenolic compositio

ndary leads:-

transformer using secondary leads is not provided with an outlet bo

compartment

g of the cable
b between any
urpose of this
ded lead, of a
the secondary

ltage cable for
Il not be more
reated as bare

e GTO cable,
lating bushing

featite may be
e transformer
n shall not be

Itage involvedhis more than 1000 volts. Bushings of rubber or fiber shall not e used in any

X, connection

or_the like for the secondary leads, each lead shall extend not less than 6 ing

hes (152 mm)

outside the enclosure.

Exception: For weatherproof transformers, each lead shall not extend less than 10 inches (254 mm)
outside the enclosure.

22.2.6

If a transformer using secondary leads is provided with an outlet box, connection compartment, or

the like for the secondary leads, the free length of each lead inside the box or compartment shall not be
less than 6 inches (152 mm).

22.2.7 In a wiring compartment that encloses secondary wiring terminals or secondary leads to which
connection is intended to be made in the field, a barrier shall be provided to reduce the risk of contact
between all secondary parts and all primary parts, including primary and secondary leads that are
intended to be installed or to which connection is intended to be made in the field. In such a compartment,
a barrier or an insulating cap shall be provided to reduce the risk of contact between a secondary lead that
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is intended to be installed, or to which connection is intended to be made, in the field and an uninsulated
live secondary part of opposite polarity.

22.2.8 A barrier provided to reduce the risk of contact between parts as described in 22.2.7 shall be
firmly secured in place and:

a) If of metal, shall have strength and rigidity not less than that of a steel sheet having an uncoated
thickness of 0.026 inch (0.66 mm) and shall be bonded to the transformer enclosure.

b) If of insulating material, shall comply with the requirements in Table 22.1 and in 22.2.13.

Table 22.1
Thickness and determination of use of insulating materials

specified in Tabl
barrier or liner af
® May be used o
than 1/4 inch (6.
not less than 1/4]
10,001 - 15,000
will be installed ¢
¢ May be used o

b 23.3 for the spacings between primary and secondary parts, and if there is not likelihood of contg
d a secondary lead that will be-installed or to which connection will be made in the field.

hly if the spacing (over surface or through air) to the barrier or liner from an insulated secondary p4
l mm) and if the spacing (6ver surface or through air) to the barrier or liner from an uninsulated se
inch (6.4 mm), 3/8 ingh~ (9.6 mm), or 1/2 inch (12.7 mm) for secondary potentials of 0 — 5,000, 5,0
volts, respectivelyyand-if there is no likelihood of contact between the barrier or liner and a second
r to which connection’ will be made in the field.

hly if not in contact with secondary parts (insulated or uninsulated) and if inaccessible to contact by

Minimum thickness For use in
Cap Barrier weatherproof.and
’ ’ outdoornon:
weatherproof Forfuse in indoor
Materidl in (mm) in (mm) transformers transformers
Fiber 1/8 (3.2) 1/32 (0.8) No S¢e footnote a
Phenolic compogsition 1/8 (3.2) 1/32 (0.8) No S¢e footnote b
Cold molded composition 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) 118 (3.2) Yes! Yes?
@ May be used ofly if the spacings to the barrier or liner frem secondary parts (insulated and uninsulated) comply with those

ct between the

rt is not less
ondary part is
1-10,000,
ary lead that

a secondary

lead that is to be

4 If glass tubing i
place.

installed pr.t@ which connection will be made in the field.
5 used, itshall be of double thickness — approximately 0.1 inch (2.5 mm) thick — and shall be securely fastened in

22.2.9 A cap of insulating material provided over an otherwise uninsulated secondary terminal to reduce
the risk of contact between secondary parts as specified in 22.2.7 shall be tight-fitting and capable of being
secured to the terminal. The cap shall be of one of the materials indicated in Table 22.1. The cap shall be
such that, when in place, the spacing between the uninsulated live parts of the terminal and the exterior
surface of the cap, at the crevice where the cap abuts the other insulated parts of the terminal, would not
be less than 1/8 inch (3.2 mm) measured through the crevice.

22.2.10 The wiring compartment that encloses secondary wiring terminals or secondary leads to which
connection is intended to be made in the field shall be tightly closed when the transformer is installed as
intended.

22.2.11 Regarding 22.2.9, after installation of the transformer, a compartment is considered tightly
closed if it does not have uncovered openings, a specialty step-up electrode receptacle (of other than the
skeleton type), a close-fitting cable bushing, or a rigid-metal-conduit, armored-cable, or flexible-steel-
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conduit fitting (including an integral conduit hub). A compartment that has an opening intended for the
insertion of a tubing electrode and that is not provided with a receptacle or an opening with a skeleton-type
receptacle, is not considered tightly closed.

22.2.12 If the wall of a primary wiring compartment consists of fiber (treated or untreated), phenolic or
cold-molded composition, unglazed porcelain, paper, or wood, and if the back of the wall is in contact with
compound, no secondary live part (insulated or uninsulated) shall be in contact with the wall before the
compound is poured.

22.2.13 An insulating liner, barrier, or cap used where spacings would otherwise be insufficient or used
to reduce the risk of contact between the parts specified in 22.1.21 and 22.2.7 shall comply with Table
22.1.

Exception: THe required thickness of the barrier may be greater than the value indicated jn the table if the
barrier is likely to be subjected to mechanical abuse.

22.2.14 If the secondary-voltage rating of an indoor-type transformer is 7500%aglts or less, [an opening as
specified in 2P.2.14 shall be provided with an insulating bushing or an electrode receptacle|determined to
be acceptablg for the application; or the opening shall be investigated for the’application.

22.2.15 Insylating sleeves provided with the secondary leads of atfransformer to enclose gplices to other
high-voltage wiring or connections to tubing electrodes shall be ifivestigated.

22.2.16 An ¢rdinary glass tube, taped in place, shall not be‘used as an insulating sleeve.

22.2.17 If a|transformer is not provided with secondary leads and if it is not intended that the tubing
electrodes befinside the transformer enclosure, thelénclosure of the electrodes shall be invegtigated.

23 Spacing

23.1 Spacing requirements do not(apply to parts completely covered by compound. [The spacings
specified in 23.2 — 23.12 do not apply to the inherent spacings of a component part of the transformer,
such as a snjap switch, for which*spacing requirements are specified elsewhere than in|this standard.
Spacings larger than those/specified in 23.2 — 23.12 may be required unless the part$ involved are
mounted so that it is unlikely that any reduction in these minimum spacings would occur.

spacings between thinsulated live parts of opposite polarity and the spacings between an uninsulated live

23.2 At the |primary_wiring terminals of a weatherproof or outdoor non-weatherproof transformer, the
part and a dead metal part shall not be less than those indicated in Table 23.1. T

Table 23.1
Minimum spacings at primary wiring terminals
Spacing through air and over Spacing between live parts of opposite polarity
Transformer surface between live parts and

primary rating, dead metal parts, Through air, Over surface,
volts in (mm) in (mm) in (mm)
0-125 1/2 (12.7) 1/2 (12.7) 3/4 (19.1)
126 — 250 1/2 (12.7) 3/4 (19.1) 1-1/4 (31.8)
251 -600 1 (25.4) 1 (25.4) 2 (50.8)



https://ulnorm.com/api/?name=UL 506 2022.pdf

24

UL 506

JA

NUARY 28, 2022

23.3 Uninsulated primary live parts within any transformer or capacitor enclosure, uninsulated terminals
of an open capacitor provided with an open core-and-coil transformer, and primary wiring terminals of an
indoor-type transformer shall be located so that spacings not less than those indicated in Table 23.2 will be

provided.
Table 23.2
Minimum spacings involving uninsulated live parts
Spacing through air and over Spacing between live parts of opposite polarity
Transformer surface between live parts and
primary rating, dead metal parts, Through air, Over surface,
volts in (mm) in (mm) in (mm)
0-125 112 (12.7) 1/8 (3.2) 1/4 (6.4)
126 — 250 112 (12.7) 1/4 (6.4) 3/8 (9.5)
251 - 600 1 (25.4) 3/8 (9.5) 172 (12.7)
23.4 The spacings in an open core-and-coil type of transformer shall be“such that an aif space of 0.5
inch (12.7 mn) would be provided between any coil winding or unenclosed capacitor and the surface on

which the trangformer may be mounted, unless the winding and the unenclosed capacitor arg
sheet steel haying an uncoated thickness of not less than 0.026 inchy(0.66 mm) so that the {ransformer or
would not be adversely affected in any way by denting or deformation of th
which it may be mounted.

its performan

e protected by

b enclosure in

23.5 The spacings between secondary live parts of oppesite polarity, between secondary [ive parts and
primary live p3rts, and between secondary live and dead metal parts shall not be less than those indicated
in Table 23.3.
Table 23.3
Minimum spagings involving live secondary parts
Parts
involved 0 -5000 volts 5001 — 10,000 volts 10,001 — 12,000 volts 12,001 /15,000 volts
Through Over Over Over Over
air, surface, | Through air, surface, Through air, surface, Through aif, surface,
il (mm) | §g~"(mm) | jn (mMm)| jp  (MmM) | jn (MmM)| jp (MmM) | jn (mMmM) | jp (mm)
Uninsulated | 1| (25.4)441 (19.1) |1-1/2 (38.1) |1-1/2 (38.1)| 2 (50.8)| 2 (50.8)| 2 (50.4)| 2 (50.8)
secondary
and
uninsulated
secondary of
opposite
polarity, or
primary
(insulated or
uninsulated)
Uninsulated |3/4 (19.1) | 3/4 (25.4) |1-1/8 (28.6) |1-1/8 (28.6) |1-1/2 (38.1) [1-1/2 (38.1) [1-1/2 (38.1) |1-1/2 (38.1)
secondary
and
insulated
secondary of
opposite
polarity

Table 23.3 Continued on Next Page
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Table 23.3 Continued

Parts
involved 0 -5000 volts 5001 - 10,000 volts 10,001 - 12,000 volts 12,001 — 15,000 volts
Through Over Over Over Over
air, surface, Through air, surface, Through air, surface, Through air, surface,

in (MM) | jn (mm) | jp  (mMm)| jp  (MmM) | jnb (mMm)| jp (MmM) | jn (mm)| jpb (mm)

Uninsulated | 1/2 (12.7) | 3/4® (19.1%)| 7/8 (22.2) |1-1/4 (31.8) [1-1/8 (28.6) |1-1/2 (38.1) |1-1/2 (38.1)| 2 (50.8)
secondary
and metal
which is or
may be

grounded

Insulated 12 (12.7) |12 (12.7) | 3/4 (19.1)| 3/4 (191)| 1  (254)| 1 (254)| 1 @64 | 1 (25.4)
secondary
and
insulated
secondary of
opposite
polarity, or
primary
(insulated or
uninsulated)

Insulated 14 (©6.4) |1/4 (6.4) | 3/8 (95) | 3/8 (9.5 | 172 (1Z%F)N 12 (12.7)| 12 (12f) | 1/2 (12.7)
secondary
and metal
which is or
may be

grounded

~

NOTE - In a wirihg compartment complying with the requirements.in 22.2.7 — 22.2.11, the minimum spacing requirements do not

apply to the spagings between primary and secondary parts; and in such a compartment, no minimum spacing is required between
an uninsulated spcondary part and an insulated secondary partof opposite polarity; between insulated secondary parts of opposite
polarity; and betyveen an insulated secondary part and grounded metal.

@ This spacing shall not be less than 1/2 inch (12.7 mai) in“an open core-and-coil transformer.

23.6 If a trapsformer has a grounded secondary winding, the spacings from an ungrounded secondary
part to a primary part, and from an.ungrounded secondary part to a dead metal part are to b¢ evaluated on
the basis of the voltage to ground from the secondary part in question. The spacings betwg¢en secondary
parts of oppasite polarity are-to be evaluated on the basis of the secondary voltage between the parts
involved.

23.7 If the spcondary winding is ungrounded, the spacings between the parts specified in [Table 23.3 are
to be evaluatgd on.the basis of the rated secondary voltage of the transformer.

23.8 A spacing is not required between a grounded secondary part and a dead metal part, and between
a grounded secondary part and an insulated primary part. Grounded secondary parts are to be considered
on the same basis as dead metal parts in evaluating spacings.

23.9 To be considered "insulated" with regard to spacing requirements, a secondary part shall be
provided with an insulating covering having insulating properties not less than those of standard Type
GTO cable intended for use at the voltage to which the insulation would be subjected. A secondary part
not so insulated shall be considered uninsulated. The mounting of an uninsulated secondary or primary
part on an insulator or in a bushing is not considered to be "insulated."

23.10 Spacing measurements are to be made with all leads furnished as part of the transformer in place.
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23.11 If a secondary terminal is provided with an insulating cap, the spacings to the live parts of the
terminal are to be measured through the crevice where the surface of the cap abuts that of the remainder
of the insulator.

23.12 In a secondary wiring compartment of an indoor transformer, the spacing between an uninsulated
live secondary part and grounded metal, measured along a secondary lead and over the surface of the
lead insulation, shall not be less than that indicated in Table 23.4.

Exception: This requirement does not apply if the compartment is tightly closed as described in 22.2.11.

Table 23.4
Mirri . . I S find ¢ rs

Rating of cable used for secondary
lead, Spacing,
volts inches (mm)
5,000 1-1/2 (38.1)
10,000 2 (50.8)
15,000 2-1/2 (63.5)

24 Guarding of Live Parts and Grounding

24.1 An endosed transformer shall have its enclosure) bonded to the core. A transformer of the
grounded-secpndary type shall have the grounded point.of the secondary winding bonded t¢ the core and
to the enclosufe, if any.

24.2 Regard|ng 24.1, solder alone shall not.be)used for making a connection. Solder may [pe used if the
conductor has|been made mechanically secure before soldering, is held rigidly in place withput the use of
solder, or is refained in place by compound-or equivalent means so as not to be subjected to|stress. A lock
washer or the |equivalent shall be used-together with any bolt or screw used at a connection in a bonding
conductor.

24.3 The grdunding conductor of the flexible cord of a portable transformer shall be bondgd to the core,
to the enclosure, and also:ta'the grounding blade of a three-blade attachment plug or equivglent device. A
soldered connection tolthe grounding conductor of a flexible cord shall be mechanically $ecure before
being soldereq.

24.4 A bolt andJock washer may be used to secure the grounding conductor of the cord to fthe enclosure.

245 Unless a high-voltage (more than 600 volts) part of an indoor transformer is insulated by some
means, such as insulating caps over the terminals, it shall be rendered inaccessible to other than qualified
persons by providing the transformer cover or door with an interlock switch that, on opening the cover or
door, disconnects the primary circuit. Alternatively, the cover or door shall be fastened so that the use of
other than ordinary tools will be necessary to open the enclosure.

24.6 The requirement in 24.5 applies to an outdoor, non-weatherproof transformer if such a transformer
is to be additionally used as an indoor-type transformer.

24.7 An uninsulated high-voltage part within a transformer enclosure is to be considered as having been
rendered inaccessible if not less than two screws fastening each removable section are soldered to the
enclosure, ground off, or otherwise treated so that they cannot be removed with ordinary tools such as


https://ulnorm.com/api/?name=UL 506 2022.pdf

JANUARY 28, 2022 UL 506 27

pliers or a screwdriver. Other means for accomplishing the same result may be used if investigated and
determined to be equivalent.

24.8 A transformer shall have provision for grounding all dead metal parts. A transformer having an
outlet box or a wiring or terminal compartment to which rigid metal conduit or armored cable may be
connected, and a transformer having mounting means that would provide a bond between all dead metal
parts and a sign enclosure, need not have additional means for grounding.

25 Capacitors

251 A capacitor supplied as a part of a specialty step-up transformer, when not used in the primary
circuit, shall be investigated.

25.2 A capdcitor shall be rated for the temperature to which it is subjected duringl.ogeration of the
transformer gnd shall have a voltage rating not less than the voltage to which it/ is subjected during
intended operation.

25.3 A capacitor shall be sealed in compound within the transformer enclosure; or it shall pe enclosed in
metal having strength and rigidity not less than that of a steel sheet having an uncoated thickness of 0.020
inch (0.51 mm) and shall be treated in a manner to exclude moisture,

Exception: A|capacitor may be unenclosed if it is mounted on{an open core-and-coil transformer and
complies with|the requirements for such use.

PERFORMANCE
26 General

26.1 To det¢rmine if a specialty step-up.transformer complies with the tests for open-cir¢uit secondary
voltage, inpuf, heating, short-circuit secondary current, dielectric voltage-withstand, burnqut, and open-
circuit secondary operation, a representative sample is to be subjected to the tests described in Sections
27 — 32, in the order given.

26.2 The ernclosure is to be ;grounded during all the tests specified in 26.1. A capacitgr is not to be
disconnected| during any of -the tests except the dielectric voltage-withstand test. During the tests, a
capacitor shall not breakdown or become short-circuited to the enclosure.

27 Open-CTcuit Secondary Voltage Test

27.1 The open-circuit secondary voltage of a transformer shall not be more than 110 percent of the rated
value. If the secondary winding is tapped, the open-circuit secondary voltage of a section of the winding
shall not be more than 115 percent of the rated value for that section, and the open-circuit secondary
voltage of the entire secondary winding shall not be more than 110 percent of the rated voltage for the
entire winding. The open-circuit secondary voltage between any two ungrounded secondary terminals (or
leads) shall not be more than 16,000 volts. The open-circuit voltage between a grounded secondary
terminal (or lead) and any ungrounded secondary terminal (or lead) shall not be more than 8000 volts.

27.2 For other than a transformer having an end-grounded secondary winding, the open-circuit
secondary peak voltage shall not be higher than indicated in Table 27.1, corresponding to the maximum
rated voltage between any two secondary terminals or leads.


https://ulnorm.com/api/?name=UL 506 2022.pdf

28

UL 506

JANUARY 28, 2022

Table 27.1

Maximum open-circuit peak secondary voltage (not end grounded)

Transformer secondary rating,

Maximum secondary peak voltage,

volts volts
5,000 or less 7.800
5,001 — 10,000 15,600
10,001 — 15,000 22,600.

27.3 The open-circuit secondary peak voltage of a transformer having an end-grounded secondary
winding shall not be higher than the value indicated in Table 27.2, corresponding to the rated secondary

voltage of the

ransformer.

Table 27.2

Maximum open-circuit peak secondary voltage (end grounded)

Transformer secondary rating,

Maximum secondary peak voltage,

volts volts
2,500 or less 3,900
2,501 -5,000 7,800
5,001 - 7,500 11,300

27.4 To dets

rmine if a transformer complies with the.requirements in 27.1 — 27.3, maximum rated

primary voltagg is to be applied to the primary terminals and the peak open-circuit secondary voltages are

to be measure

28 Input Teg

d with meters. The voltage applied.to’the primary is to have a deviation factgr of not more
than 1 percent.

28.1 The primary current input shall not be more than 105 percent of the primary current rdting when the
transformer is|connected to a circuit of rated primary voltage and rated frequency and when the secondary

is carrying full

28.2 The prifnary current under conditions of secondary full load is to be considered 80 percent of the

primary curren

t measured with the secondary short-circuited.

28.3 A transformer marked to indicate that it is power-factor corrected shall have a power fgctor within 10

percent of unity. If the actual power factor is indicated, the power factor shall not be less than 90 percent of

the marked value.

28.4 Regarding 28.3, the power factor is to be determined from the ratio of the measured input in watts

and in volt-amperes under the conditions described in 28.2.

29 Heating Test

29.1 A specialty step-up transformer is to be operated continuously with the secondary terminals short-
circuited. Following the test:

a) The temperature on or within the transformer shall not adversely affect any of the materials used
in its construction;
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b) The temperature rise at any point on the enclosure of an enclosed-type transformer shall not be

greate

r than 65°C;

¢) There shall not be emission of flame or molten material from the enclosure; and

d) The temperature rise at any point on the exterior of a coil of an open core-and-coil transformer
shall not be greater than 65°C if Class 105 insulation is used and not more than 90°C if Class 130
insulation is used.

29.2 An open core-and-coil transformer is to be tested in an enclosure of sheet steel having an uncoated
thickness of not less than 0.026 inch (0.66 mm) and having inside dimensions of 6 by 6 by 12 inches (152
by 152 by 304 mm). There shall not be flame or molten material emitted from inside or outside this

enclosure.

29.3 The ins
in 29.1 and 24

ulation on a lead is to be considered adversely affected if, during the héating
).2, it attains a temperature rise of more than that indicated in Table 29.1!

Table 29.1
Maximum rise in lead temperature

test described

Maximum rise,

Lead types °Cc
T, TF, TFF, and TW 35
FFH-2, RH, and RFH-2 50

30 Short-Circuit Secondary Current Test

30.1  When the secondary winding is short-circuited and when the primary winding is gonnected to a
circuit of maximum rated voltage and rated frequency, the secondary current of a spgcialty step-up
transformer shall not be more than 110-percent of the rated value.

30.2 A meagurement to determine if a transformer complies with the requirement in 30.1(may be made
during the short-circuit test.

31 Dielectric Voltage-Withstand Test

31.1 A speq
described in t

ialty 'step-up transformer with an ungrounded secondary, while hot from th
he ‘Kleating Test, Section 29, is, in each case, to be subjected for 1 minute to

e heating test
he application

of an essentid

v oinis idalnatantial ot ratad fracianay oo fallavao.
nmy omntuouiudadr pulcitiiuar, at ratcu imoyutcit I\Jy, do TUINTUVWO.

a) A value of 1000 volts plus twice the maximum rated primary voltage, applied between the
primary winding and the core or enclosure;

b) A value of 125 percent of the maximum rated secondary voltage applied between primary and
secondary windings; and

c) A value of 150 percent of the maximum rated primary voltage applied to the ends of the primary
winding, with one end of the primary winding solidly connected to the enclosure. This test is to be
conducted first with one end of the secondary and then the other, in turn, connected to the
enclosure.

There shall not be dielectric breakdown.
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31.2 A specialty step-up transformer with a grounded secondary, while hot from the Heating Test,
Section 29, is, in each case, to be subjected for 1 minute to the application of an essentially sinusoidal
potential, at rated frequency, as follows:

a) A value of 1000 volts plus twice the maximum rated primary voltage, applied between the
primary winding and the core or enclosure;

b) A value of 150 percent of the maximum rated primary voltage applied to the ends of the primary
winding, with one end of the primary winding solidly connected to the enclosure; and

c) If the transformer is constructed so that the primary winding and each half of the secondary
winding are wound on separate legs of the core, with the magnetic paths in parallel, the test
described in (b) is to be repeated with first one secondary terminal and then the other, in turn,

conne
enclos

There shall no

31.3 Acapa
and that can
application of
between the
breakdown.

31.4 The tes
the output vol

increased from zero until the required test level is reached and is to be held at that level for

increase in the
value being cd
specialty step

Exception: Th
agreeable to 4
of the primary

32 Burnout
32.1 A spec

attained, with
grounding of t

tited to the enclosure, even though the midpoint of the secondary is con

[Test

re internally.
t be dielectric breakdown.

itor that is supplied as a part of a specialty step-up transformer.for use in the

an essentially sinusoidal potential of 1000 volts plus twice its intended oper
capacitor enclosure and the live parts of the capagcitor. There shall not

t potential is to be supplied from a 500-volt-ampere or larger capacity testin

applied potential is to be at a substantially uniform rate and as rapid as is con
rrectly indicated by a voltmeter. The tests are to be conducted at the rated fre
up transformer.

b fest described in 31.1(c)yand 31.2 (b) and (c) may be conducted at a highg
Il concerned, if the exciting current at rated frequency is such as to cause exce
winding.

alty stepsup transformer is to be operated continuously until constant tem
the ssecondary winding short-circuited or with any combination of shor
e 'secondary winding that results in maximum heating. There shall not be emi

nected to the

brimary circuit

be disconnected readily from the transformer shall be.subjected for 1 minute to the

ating voltage,
be dielectric

y transformer,

tage of which is essentially sinusoidal and“can be varied. The applied pot¢ntial is to be

1 minute. The
sistent with its
quency of the

r frequency if
bssive heating

peratures are
t-circuiting or
5sion of flame

ol frama o

or molten mat

32.2

tha aneclac:
Tar o aric-CTIorosSoTeT

comply with the requirement in 29.2.

In the burnout test, an open core-and-coil transformer is to be tested as described in 29.2 and shall

32.3 For a transformer with an ungrounded secondary winding and for a transformer with an end-
grounded secondary winding, the performance of a separate burnout test is not necessary since the
results of the Heating Test, Section 29, reveal whether the transformer complies with the requirement
specified in 32.1.

33 Open-Circuit Secondary Operation Test

33.1 A specialty step-up transformer is to be operated continuously for 24 hours at maximum rated
primary voltage and rated frequency, with the secondary open-circuited. There shall not be malfunction of
the insulation.
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34 Switch Tests

34.1

34.1.1

General

endurance tests described in 34.2.1 — 34.3.2.

A switch provided with a specialty step-up transformer is to be subjected to the overload and

Exception: A switch having a current rating not less than twice that of the transformer primary and a
voltage rating not less than that of the transformer primary need not be subjected to the tests.

34.2 Overload

34.21 Thre
operation at
test, the trans
rated frequen
pitting of the

34.22 The

test, and the ¢nclosure is to be grounded through a 15-ampere fuse/that'would not open as|

test.

34.3 Endurance

34.3.1 After
endurance t¢
transformer ¢
secondary of
rated primary
under the con

34.3.2 Snap
Withstand Te
wiring device
volts between

TEST BY THI

b samples of each switch are to be subjected to an overload test consisting
0-second intervals, opening and closing the primary circuit of the transforn
former primary is to be connected to a supply circuit of maximum rated prima
Cy and the secondary terminals are to be short-circuited. There shalknot be un
ontacts or other damage.

bwitches are to be mounted in the transformer enclosure in_the intended man

the overload test, the same three samiples of each switch are to be sy
st consisting of 1000 cycles of operation at 1-second intervals with the |
pnnected to a supply circuit of maximum rated primary voltage and rated f|
the transformer is to be connected to a load of such magnitude as to result
current; or the secondary terminals are to be short-circuited. The switches a
ditions described in 34.2.2.with the same criteria for acceptance.

switches and other, wiring devices are to be disconnected during the Diel
5t, Section 31, apdiare to be subjected to a separate dielectric voltage-wit
s to be subjectedfor 1 minute to the application of an essentially sinusoidal pg
all live and dead metal parts. There shall be no dielectric breakdown.

E MANUFACTURER

35 Product

bf 50 cycles of
er. During the
ry voltage and
due burning or

ner during the
a result of the

bjected to an
brimary of the
requency. The
in an input of
e to be tested

bctric Voltage-
hstand test. A
tential of 1000

on Line Grounding Continuity Test

35.1

As a routine production-line test, each transformer that has a power supply cord having a grounding

conductor shall be tested for grounding continuity between the grounding blade of the attachment plug and
the accessible dead metal parts of the transformer that are likely to become energized.

35.2 Only a single test need be conducted if the accessible metal selected is conductively connected to
all other accessible metal.

35.3 Any indicating device (an ohm-meter, a battery-and-buzzer combination, or the like) may be used to
determine compliance with the grounding continuity requirement specified in 35.1.
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RATINGS
36 Details

36.1 The electrical ratings of a specialty step-up transformer shall include the primary voltage, frequency,
and current or volt-amperes, and all secondary open-circuit voltages and the secondary short-circuit
current.

36.2 If a grounded point of the secondary winding is at mid-potential with respect to the ends of that
winding, it is not necessary to include in the rating the values of the voltage from each end of the
secondary winding to the grounded point (in view of the requirement in 37.1 that the marking include the
words "mid-point grounded " or the equivalent).

36.3 The nominal primary voltage rating shall not be more than 600 volts. The open-cirduit secondary
voltage rating pf:

a) An gpen core-and-coil transformer shall not be more than 5000 volts;

b) An e¢nclosed-type transformer that has the secondary grounded, at'one end shall not be more
than 7500 volts; and

c) An ¢nclosed-type transformer, the secondary of whichgis)not grounded or is grgunded at the
center point, shall not be more than 15,000 volts.

The volt-ampdre rating shall not be more than 4500 volt-amperes.
MARKINGS

37 Details

37.1 A transformer shall have a plainyJlegible marking that is readily visible after the trgnsformer has
been installed|as intended with the following:

a) The|manufacturer's name, trademark, or other descriptive marking by which theg organization
respongible for the praduct can be identified;

b) The [catalog number or the equivalent;

c) The Electriealrating; and

d) Theldate of manufacture which may be abbreviated or in an established or otherwise traceable
code or a code affirmed by the manufacturer, that will enable the transformer to be identified as
being manufactured within a three-month period.

If any point of the secondary winding is grounded, the marking shall indicate specifically which point is
grounded.

37.2 A weatherproof transformer shall be marked with the word "Weatherproof" or the designation "WP".
A transformer not investigated for use outdoors, other than an open core-and-coil transformer, and a
transformer provided with a power supply cord shall be marked with the following or equivalent marking:
"For indoor use only."
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IGNITION TRANSFORMERS

GENERAL

38 Details

38.1

provide ignition for an oil or gas burner.

An ignition transformer is a step-up transformer of the high-secondary-voltage type, intended to

38.2 The requirements for ignition transformers specified in 38.3 — 54.4 shall be considered in addition to
those specified in Sections 1 —17.

38.3 An int
electrically i
secondary gr
acceptable. N
they have be
6000 volts; t
14,000 volts,
as a Class 14

38.4 A twind
that are elect
under the inte
system using
as indicated i

rchangeable ignition transformer, identified as a Class 6, 10, 12, or 14| fransformer, is

n(ierchangeable with any other transformer of the same class and having 'a

n tested. A Class 6 interchangeable transformer is one having a‘Secondary v

respectively. A transformer having a secondary voltage rating“of 15,000 volts
transformer.

gap transformer is one that is intended for use with¢an ignition system using t

ignition systern using two spark gaps.

Schematic

1

Figure 38.1

only)

e corresponding ratings for Class 10, 12, and 14 transformers are 10,000

fically interconnected as indicated in Figure 381 A twin-gap transformer sha
rchangeability program. A multiple-gap transformer is one intended for use v
more than one spark gap, with each spark.gap being electrically independen
n Figure 38.1. A dual-gap transformer is\a multiple-gap transformer intended f

diagrams of twin-gap (left) and multiple-gap (right) transformers (second

imilar form of

bunding on gas- or oil-burning equipment that has been investigated and defermined to be
oninterchangeable ignition transformers may be used only on oil or'gas burners with which

Itage rating of
, 12,000, and
may be tested

o spark gaps
Il not be used
vith an ignition
t of the others
or use with an

ary circuits
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CONSTRUCTION

39 General

39.1 There shall not be electrical connection between primary and secondary windings of an ignition
transformer.

39.2 A transformer intended to be supported by rigid metal conduit shall comply with the requirements in

5.10.

39.3 Compo

ind shall not be depended upaon to reduce shifting of the core-and-coil assem

bly inside the

enclosure if suU

40 Enclosune

40.1  Anignit

Exception: Pri

enclosed if th
will be enclosg

40.2 A surfa
plating, and er

Exception: An
40.3 Unless
inside other e
wiring.

40.4 The en
louvers. An e
rigidity, and th
40.5 The en(

40.6 The co

ch shifting might result in reduction of spacings or in stress on internal connéect

on transformer shall be provided with an enclosure of metal to enclose all live

imary and secondary terminals and primary leads (including a flexible cord
transformer is intended to be mounted in oil- or gas-burning equipment so thj
d.

Ce of iron or steel, other than stainless-steels.«shall be resistant to corrosion
ameling may be used for corrosion resistance.

interior surface covered by compound-fieed not be additionally resistant to cor

the transformer is intended for installation in such a manner that the wiring wi
juipment, means shall be proyvided for the connection of rigid metal conduit f

Closure of a transforimer of the compound-filled type shall not be provided w
hclosure provided™with louvers shall be investigated with regard to mechar
b accessibility of live parts.

losure shall*be provided with means for mounting.

erof an enclosure shall be provided with means (such as screws) for firmly

jons.

barts.
need not be
at these parts
Galvanizing,
rosion.
| be enclosed
br the primary
ith ventilating

ical strength,

securing it in

aloene shall not be used. A cover that must be removed to permit conned

place. Friction

tion of circuit

conductors shall not be provided with means for the connection of conduit.

Exception: An ignition transformer with primary leads for field connection may be provided with a knockout
in the cover for connection of a flexible wiring method.

40.7 On oil- or gas-fired equipment, a compartment in which field-installation connections are to be made
shall have a volume as determined in Table 40.1. A conductor passing through the compartment is to be
counted as one conductor and each conductor terminating therein is also to be counted as one conductor.
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Table 40.1
Minimum volume per conductor

Conductor size, Minimum free space within box for each conductor,
AWG (mm?) inches® (cm®)
16 or smaller 1.3 1-1/2 25
14 2.1 2 33
12 3.3 2-1/4 37
10 5.3 2-1/2 41
28 8.4 3 49

40.8 Materis
or insulation n

40.9 The co
secondary wi
primary trans
secondary in
41 Primary

411 A prim
determined tq

shall not be smaller than 18 AWG (0.82 mm?).

41.2 A lengt
to the power s

b) A conduit hub, a flexible-steel-conduit, armored-cable, or an electrical-metallic-tub

| for the mounting of high-voltage (more than 600 volts) live parts shall be pd
haterial that has been determined to be equivalent.

nstruction of a multiple-gap transformer shall be such that the open=circuit v

former, by an open-circuit in any primary winding other than\that supplying
juestion. See 47.6.

Connections
ary lead shall be of Type RFH-2, FFH-2, or Rkhwire, or of insulated wire

be equivalent. The lead shall be of an ampacity corresponding to the prim

h of Type SJ or heavier flexible cordmay be used for connection of the transi
upply.

ansformer is provided with primary leads but does not have a primary outle
the leads shall enter the“enclosure through one of the following:

arate holes or a single.hole in the enclosure.

arate insulating bushings or a single insulating bushing.

aratetholes or a single hole in a fiber plate that complies with the requirements

rcelain, glass,

bltage of each

nding would not be affected by a fault in any other secondary and; in the cas¢ of a multiple-

energy to the

that has been
ary rating and

ormer primary

box or wiring

ng connector.

in 10.3

41.3 Ifthe t
compartment
a) Sep
c) Sep
d) Sep
414 A lead

thatentersthetransformer by one of the means describedim 4 -3 -statt ot

inches (152 mm) in length, measured outside the transformer.

Exception: The length of a lead may be less than 6 inches if:

e less than 6

a) The transformer is intended for use in a specific application for which it can be shown that the 6-

inch le

b) The

41.5

ad length is unnecessary; and

free end of the lead terminates in an eyelet, a lug, or the like.

If a transformer is provided with an outlet box or wiring compartment in which primary connections

are to be made, the free length of each lead inside the outlet box shall not be less than 6 inches (152 mm).

41.6 The setscrew form of wiring terminal shall not be used.
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