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New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
the applicant elects this option, it should be noted that compliance with all the requirements in this
Standard will be required as a condition of continued Listing, Recognition, and Follow-Up Services after
the effective date, and understanding of this should be signified in writing.

Copyright © 2001 Underwriters Laboratories Inc.



FEBRUARY 28, 2001 - UL 1585 tr3

This Standard consists of pages dated as shown in the following checklist:

Page Date
e February 28, 2001
A e e e e e e May 24, 1999
B 8B . February 28, 2001
-0 i April 23, 1998
L-03 e February 28, 2001
L April 23, 1998
1620 .o February 28, 2001
202 April 23, 1998
2428 . February 28, 2001
2030, . i May 24, 1999
B0 A February 28, 2001
B0B-33 May 24, 1999
BA-BAB . . February 28, 2001
3530, o i May 24, 1999
B7-38 i April 23, 1998
3040, o May 24, 1999
A0 . February 28, 2001
A0 B . o May 24, 1999
P April 23, 1998
A=A February 28, 2001
AB- A8 . . April 23, 1998
AT-A8B . . February 28, 2001
A0-00. L May 24, 1999

AL A e April 23, 1998



trd FEBRUARY 28, 2001 - UL 1585

No Text on This Page



APRIL 23, 1998
(Title Page Reprinted: February 28, 2001)

1
UL 1585

Standard for Class 2 and Class 3 Transformers
Prior to the first edition, the requirements for Class 2 transformers were included
in the Standard for Specialty Transformers, UL 506.
First Edition — March, 1982
Second Edition — December, 1986
Third Edition — April, 1993
Fourth Edition

April 23, 1998

An effective date included as a note immediately following certain requirements
is one established by Underwriters Laboratories Inc.

Revisions of this Standard will be made by issuing revised or additional pages
bearing their date of issue. A UL Standard is current only if it incorporates the
most recently adopted revisions, all of which are itemized on the transmittal notice
that accompanies the latest set of revised requirements.

ISBN 0-7629-0233-7

COPYRIGHT © 1982, 2001 UNDERWRITERS LABORATORIES INC.



CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585 FEBRUARY 28, 2001

No Text on This Page



FEBRUARY 28, 2001 CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585 2A

CONTENTS
FOREWORD ..ttt e e e e 4
INTRODUCTION
L S0P it 5
2 GBNEIAl ... 6
2.1 COMPONENLS .ttt e e e e e e e 6
2.2 Units of MEASUIEMENT . . . ..ot et e e 6
2.3 Undated referenCes . . ...ttt 7
CONSTRUCTION
B GBNEIAl . 7
4 Mechanical ASSEMDIY .. ... 8
D ENCIOSUNE ..o e 8
6 COrIroSIiON RESISTANCE . . . . oottt e e e e e e e e 9
T MOUNEING .ot e e 10
8 WINNG SPACE ...ttt e 10
9 SUPPLY CONNECHONS ..\ttt e e e e e e 11
10 Primary Wiring Terminals . ... ... .. i ettt e 11
11 Primary Leads, Including Flexible Cords ........... .o 12
12 Secondary Terminals and Leads . . ... ...ttt e 14
12,1 General ... 14
12.2 Class 3 transformers . .. ... i 15
13 BUSHINGS 15
14 Internal WiKNg . ... e e e 15
15 GrOUNAING ..ottt e e e e 15
16 Electrical INSUlation . .. ... 17
17 Coil INSUIALION . ..o 18
18 ProteCtive DBVICES . .ottt et e e 18A
19 Separate Current-Limiting ImMpedances .. ... ... ot 18B
20 Separation of Internal Wiring CirCUILS ... ... ... ot e 18B
20 SPACINGS . ittt e e e e 19
PERFORMANCE
22 GENEIAl . .ttt 22
23 Leakage CUMENt TSt . ittt et et ettt et ettt 25
24 Leakage Current Test Following Humidity Conditioning . ............c.coviiiiiiinenn... 28
25 Grounding ContinUIty TSt . ...t 28
26 Open-Circuit Secondary Voltage Test ... ...t 28
27 Output Current and Power TSt .. ... it e e 29
27.1 Maximum output current of inherently limited transformers ........................ 29
27.2 Maximum current of not inherently limited transformers ........................... 31
27.3 Maximum power of not inherently limited transformers ............................ 32
28 Calibration Test of Overcurrent-Protective DeVICES . . ... ..ttt 34
29 Rated Secondary CUrment TSt .. ...ttt e ettt 34A
30 Rated Output Heating TeSt . . ...ttt e e e e e e e e e 35
31 Dielectric Voltage-Withstand Test .. ... 38

311 GeNEral . ... 38



2B CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585 FEBRUARY 28, 2001

31.2 Insulating barriers . ... ... 38
31.3 Induced potential .. ........... 38
32 Overload Heating TeSt ...ttt e e e e e 39
32,1 GEneral ..o 39
32,2 PrOCEAUIE ...ttt e 39
33 Dielectric Voltage-Withstand After Overload Heating Test . ..., 41
34 Overload Test of Overcurrent- or Overtemperature-Protective Devices .................... 42
35 Endurance Test of Automatically-Reset, Overtemperature-Protective Devices .............. 42
36 Strain-Relief Test .. ... 43
36.1 Flexible Cord . .. ..o 43
36.2 LBaAAS . ottt 43
37 Outlet Box Cover Support and Impact TEeStS . ...ttt et 43
B7.1 GEneral ..o 43
BT 2 SUPPO T . e 43
37,3 IMIPACT . . 44

MANUFACTURING AND PRODUCTION TESTS

38 Production-Line Dielectric Voltage-Withstand Test ........... .. it 46

39 Production-Line Grounding Continuity TeSt .. ... ... . e e a7
RATINGS

A0 DEtallS . ot 47
MARKINGS

A1 Detalls . . oo 48
APPENDIX A

Standards for COMPONENTS. . .. ..ottt e e e e e e Al



FEBRUARY 28, 2001 CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585

No Text on This Page



4 CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585 MAY 24, 1999

FOREWORD

A. This Standard contains basic requirements for products covered by Underwriters Laboratories Inc. (UL)
under its Follow-Up Service for this category within the limitations given below and in the Scope section
of this Standard. These requirements are based upon sound engineering principles, research, records of
tests and field experience, and an appreciation of the problems of manufacture, installation, and use
derived from consultation with and information obtained from manufacturers, users, inspection authorities,
and others having specialized experience. They are subject to revision as further experience and
investigation may show is necessary or desirable.

B. The observance of the requirements of this Standard by a manufacturer is one of the conditions of the
continued coverage of the manufacturer’s product.

C. A product which complies with the text of this Standard will not necessarily be judged to comply with
the Standard if, when examined and tested, it is found to have other features which impair the level of
safety contemplated by these requirements.

D. A product employing materials or having forms of construction which conflict with specific requirements
of the Standard cannot be judged to comply with the Standard. A product employing materials or having
forms of construction not addressed by this Standard may be examined and tested according to the intent
of the requirements and, if found to meet the intent of this Standard, may be judged to comply with the
Standard.

E. UL, in performing its functions in accordance with its objectives, does not assume or undertake to
discharge any responsibility of the manufacturer or any other party. The opinions and findings of UL
represent its professional judgment given with due consideration to the necessary limitations of practical
operation and state of the art at the time the Standard is processed. UL shall not be responsible to anyone
for the use of or reliance upon this Standard by anyone. UL shall not incur any obligation or liability for
damages, including consequential damages, arising out of or in connection with the use, interpretation of,
or reliance upon this Standard.

F. Many tests required by the Standards of UL are inherently hazardous and adequate safeguards for
personnel and property shall be employed in conducting such tests.
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INTRODUCTION
1 Scope

1.1 Transformers covered by these requirements, herein called Class 2 or Class 3 transformers, are for
use with Class 2 or Class 3 circuits, respectively, in accordance with the National Electrical Code,
ANSI/NFPA 70. They are intended for connection to essentially sinusoidal supply sources. Permanently
connected transformers are rated 600 volts or less, and cord and plug connected transformers are rated
120 volts or less.

1.2 A Class 2 or Class 3 transformer that is inherently limited has an impedance within the transformer
that limits the current output to a particular maximum value. It may or may not be provided with a
thermostat or other temperature sensitive device to limit its maximum temperature.

1.3 A Class 2 or Class 3 transformer that is not inherently limited does not have an impedance to limit
the maximum current output to a specified value. However, the maximum power output is limited by an
overcurrent-protective device.

1.4 A Class 2 or Class 3 transformer that includes a separate current-limiting impedance, such as a
resistor or a positive temperature coefficient device (PTC), is covered by these requirements.

1.5 A Class 2 transformer has a 30-volt rms maximum secondary potential under any condition of loading
or open circuit.

1.6 A Class 2 or Class 3 transformer that includes a resonance regulating circuit is covered by these
requirements.

1.7 These requirements do not cover power supplies, toy transformers, direct plug-in transformers, or
transformers intended for use in audio-, radio-, or television-type appliances. A transformer provided with
a rectifier is considered to be a power supply.

1.8 The requirements in this standard may be modified by requirements in an end product standard if a
transformer is intended for use only as a component in other equipment.

1.9 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A
product whose features, characteristics, components, materials, or systems conflict with specific
requirements or provisions of this standard does not comply with this standard. Revision of requirements
shall be proposed and adopted in conformance with the methods employed for development, revision, and
implementation of this standard.
1.9 revised February 28, 2001
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2 General
2.1 Components

2.1.1 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 used
in the products covered by this standard.

2.1.1 revised February 28, 2001
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 superseded by a requirement in this standard.
2.1.2 revised February 28, 2001

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

2.1.3 revised February 28, 2001

2.1.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.1.4 revised February 28, 2001
2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2.1 revised February 28, 2001

2.2.2 Unless indicated otherwise, all voltage and current values mentioned in this standard are
root-mean-square (rms).
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2.3 Undated references

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

CONSTRUCTION
3 General

3.1 A Class 2 or Class 3 transformer shall have only one secondary winding, which shall be insulated
from the primary winding. A winding having intermediate taps is considered to be a single winding.

Exception No. 1: Two or more secondary windings may be considered as a single winding. Interposing
insulation between the secondary windings is not required if, when interconnected, the windings are in
compliance with the performance requirements for a single-winding construction.

Exception No. 2: An inherently limited transformer marked in accordance with 41.7 may have two
secondary windings that, when interconnected, are not in compliance with the performance requirements
for a single-secondary winding construction.

Exception No. 3: A transformer intended only for use in other equipment may have multiple secondary
windings only where isolation of all circuits can be maintained.

3.2 There shall be no electrical connection between the primary and secondary windings of a transformer
or between a primary or secondary circuit and the enclosure.

3.3 A component used to limit the output of a transformer to within the required current or power levels,
or otherwise used to maintain its intended performance, shall have permanence and stability so as not to
decrease its limiting capabilities. Among the factors taken into consideration when judging the
acceptability of a limiting component are the:

a) Operating temperature;

b) Electrical stress level;

c) Transient surges; and

d) Resistance to moisture.
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4 Mechanical Assembly

4.1 A transformer shall be formed and assembled so that it has the strength and rigidity necessary to
resist the abuses to which it is likely to be subjected. A risk of fire, electric shock, or injury to persons shall
not result from a reduction of spacings, loosening or displacement of parts, or other serious defects due
to total or partial collapse of the transformer.

4.2 An adhesive used in the assembly of the enclosure shall be investigated as specified in the Standard
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: Methods utilizing fusion techniques, such as solvent cementing, ultrasonic welding,
electromagnetic induction, and thermal welding, need not be investigated.

5 Enclosure

5.1 A transformer shall be provided with an enclosure of sheet steel, sheet aluminum, cast aluminum,
cast iron, or equivalent metal, or a polymeric material. The enclosure shall contain all uninsulated live
parts and primary circuit wiring.

Exception No. 1: The secondary terminals of a Class 2 transformer need not be enclosed.

Exception No. 2: For a transformer mounted on an outlet box cover or intended for mounting in a knockout
of an outlet box or cabinet, the primary terminals or leads are considered to be enclosed by the outlet box
or cabinet.

Exception No. 3: A Class 3 transformer may be provided with a flexible cord and attachment plug for
connection to the source of supply.

Exception No. 4: A transformer may have exposed primary leads when intended for connection to open
wiring or concealed knob-and-tube wiring.

Exception No. 5: The enclosure of the end product may serve as the transformer enclosure for a
transformer intended for use only in other equipment. However, the primary and secondary wiring of the
transformer shall be separated in accordance with the requirements for the end product.

5.1 revised February 28, 2001

5.2 The transformer shall be constructed so that it can be mounted and wired as intended in the field
without exposing internal parts such as windings and protective devices to damage. All covers, bases, and
similar parts shall be securely fastened in place.

5.3 An enclosure of a transformer that has a flexible cord connected to the primary shall have no opening
where a 0.010 inch (0.25 mm) diameter rigid wire, such as a music wire, can be inserted to contact a part
at a potential of more than 42.2 volts peak to any other part or to ground. A single bend in the wire is
permitted prior to insertion, and a barrier that can be penetrated by the wire is not acceptable as a
protective barrier. An indicating circuit connected to the wire probe may be used to determine if contact
is made.

Exception: This requirement does not apply to an outlet box that may be provided only to enclose the
primary leads or terminals as described in Exception No. 2 to 5.1
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5.4 An edge, projection, or corner of an enclosure, opening, or frame of a transformer shall be smooth
and not cause a cut-type injury when contacted during intended use or maintenance.

5.5 Among the factors that shall be taken into consideration when evaluating magnesium and nonmetallic
materials other than a polymeric material are:

a) Mechanical strength;
b) Resistance to impact;
c) Moisture absorption;
d) Combustibility; and

e) Resistance to distortion at temperatures to which the material may be subjected under
conditions of intended or abnormal use.

5.6 Polymeric materials shall comply with the applicable requirements in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

5.7 A sheet steel enclosure shall be formed from stock having a thickness of not less than 0.026 inch
(0.66 mm) when uncoated, or 0.029 inch (0.74 mm) when zinc coated.

Exception: Sheet steel having a thickness of not less than 0.020 inch (0.51 mm) if uncoated, or 0.023
inch (0.58 mm) if zinc coated, may be used for drawn end bells having maximum dimensions of 2-1/4
inches (57.2 mm) on the flat portion and 1-1/2 inches (38.1 mm) at the base of the drawn portion. Figure
5.1 illustrates these portions of an end bell.

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

5.9 An enclosure of nonferrous sheet metal shall be formed from stock having a thickness of not less than
0.040 inch (1.07 mm).

5.10 An enclosure of cast iron or aluminum shall not be less than 1/8 inch (3.2 mm) thick at any point.
Exception: A section 2 square inches (12.9 cn¥?) or less in area shall not be less than 1/16 inch (1.6 mm)
thick, when the sum of the areas of all such sections is less than 50 percent of the total area of the

enclosure.

5.11 An enclosure of cast iron shall not be less than 1/4 inch (6.4 mm) thick at tapped holes for conduit.
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Figure 5.1
End bell
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5.12 When threads for the connection of conduit are tapped all the way through a hole in a transformer
enclosure, or if a similar construction is used, there shall not be less than 3-1/2 nor more than 5 threads
in the metal. The construction shall enable the proper and secure attachment of a standard conduit
bushing.

5.13 When 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 similar to that provided by a standard conduit bushing.

5.14 A transformer intended to be supported by rigid metal conduit shall have conduit hubs with not less
than 5 full threads.

5.15 A knockout for the connection of rigid metal conduit to a terminal or wiring compartment of a
transformer shall have a diameter in accordance with the requirements in the Standard for Nonmetallic
Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C.

5.16 When a nipple is provided on the primary side for connection to an outlet box, there shall be not less
than 3-1/2 threads on the nipple.

6 Corrosion Resistance

6.1 An enclosure of iron or steel, other than stainless steel, shall be corrosion resistant. Galvanizing,
plating, varnishing, and painting are among the acceptable means for providing corrosion resistance.

Exception: An interior surface covered by a compound need not be additionally resistant to corrosion.
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7 Mounting

7.1 A transformer not intended to be portable shall be provided with a secure mounting means. It shall be
constructed so that there will be a spacing through air of not less than 1/4 inch (6.4 mm) between the
supporting surface and the enclosure when the device is mounted on a plane surface.

Exception No. 1: A transformer mounted on an outlet box cover or intended for mounting in a knockout of
an outlet box or cabinet need not have an air spacing between the supporting surface and the transformer
enclosure.

Exception No. 2: A transformer intended for use only in other equipment as described in Exception No. 5
to 5.1 need not be provided with the 1/4 inch spacing.

7.2 A transformer intended to cover an outlet box shall be equipped with a cover that is resistant to
corrosion on all surfaces.

7.3 When an outlet box cover is constructed of sheet steel, it shall have a thickness not less than 0.045
inch (1.14 mm) when zinc coated, and 0.042 inch (1.07 mm) when uncoated. When constructed of
malleable iron, the cover shall have a wall thickness of not less than 3/32 inch (2.4 mm). When
constructed of another type of cast metal, the thickness shall not be less than 1/8 inch (3.2 mm). Covers
constructed of sheet aluminum, copper, or brass, shall not be less than 0.058 inch (1.47 mm) thick.

7.4 If the cover mentioned in 7.2 is of nonmetallic material, it shall be strong enough to:

a) Support a weight three times the weight of the transformer, as described in 37.2.1, without
cracking or crazing;

b) Withstand an impact of 5 foot-pounds (6.8J) applied as described in 37.3.1; and

c) Comply with the requirements for nonmetallic box covers in the Standard for Nonmetallic
Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C.

7.5 A transformer intended for mounting in place of a knockout in an outlet box, cabinet, or similar area,
shall be provided with mounting means that will restrain the transformer from being turned after it is
mounted.

7.6 A transformer is considered to comply with the requirement in 7.5 when the mounting means provides
restraint against turning when the transformer is mounted in a box or cabinet wall having a minimum
uncoated thickness of 0.053 inch (1.35 mm).

8 Wiring Space

8.1 A transformer shall be provided with an enclosure which provides space for the installation of those
conductors likely to be used to connect the primary and secondary circuits.

Exception No. 1: The secondary terminals or leads of a Class 2 transformer do not have to be enclosed.
Exception No. 2: The following do not have to be enclosed by the transformer enclosure:
a) The primary terminals or leads of a transformer mounted on an outlet box cover;

b) The primary leads of a transformer intended for mounting in a knockout; or
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¢) The primary leads of a transformer intended for installation with open wiring or concealed
knob-and-tube wiring.

Exception No. 3: Wiring space does not have to be provided for a transformer intended only for use in
other equipment as described in Exception No. 5 to 5.1.

8.2 There shall be space provided within a terminal or wiring compartment for a standard conduit bushing
to be mounted on rigid metal conduit connected to the compartment.

8.3 A wiring space or compartment intended to enclose wires shall be free of any sharp edge, burr, fin,
moving part, or similar item that may abrade the insulation on conductors or otherwise damage the wiring.

9 Supply Connections

9.1 The supply connection facilities of a transformer shall consist of insulated wire leads, terminals, or,
for a Class 3 transformer, flexible cord with an attachment plug for plugging into a receptacle outlet.

9.1 revised February 28, 2001
10 Primary Wiring Terminals

10.1 For the purpose of these requirements, a wiring terminal is that terminal to which a connection is
made in the field when a transformer is installed. A terminal shall be a pressure terminal connector, a
wire-binding screw, or a stud.

10.2 When a Class 2 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 the
terminals and wires inside the box will be unlikely after the transformer is installed.

10.3 A wire-binding screw terminal design is one in which the conductor is intended to encircle the
terminal screw at least 3/4 of one full turn without overlapping.

10.4 A wire-binding screw shall thread into metal.

10.5 The terminal plate and the wire-binding screw or stud and nut of a primary wiring terminal shall be
brass or similar nonferrous metal.

Exception: A No. 10 (4.8 mm) or larger wire-binding screw may be iron or steel if plated. A steel
wire-binding screw shall not be plated with copper or brass, however, a cadmium or zinc plating is
acceptable.

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

10.7 Wire-binding screws or studs shall be not smaller than No. 6 (3.5 mm) and shall not have more than
32 threads per inch (25.4 mm).
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10.8 A wire-binding screw shall be captivated (locked into position) if replacement with a longer screw
would create a risk of fire or electric shock.

10.9 Wiring terminals shall be provided with cupped washers, upturned lugs, or equivalent means to
retain the wires under the heads of the screws or nuts.

10.10 Terminal studs shall be prevented from turning by means other than friction between mounting
surfaces. The acceptability of the use of lock washers to prevent turning of terminals shall be determined
by means of an investigation.

10.11 Pressure terminal connectors shall comply with the Standard for Wire Connectors and Soldering
Lugs for Use with Copper Conductors, UL 486A; the Standard for Wire Connectors for Use with Aluminum
Conductors, UL 486B; or the Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors, UL 486E.

10.12 A pressure terminal connector shall be prevented from turning by a restraint such as a shoulder or
boss. A lock washer alone is not acceptable for this purpose.

Exception: A means to prevent turning need not be provided when spacings are not less than those
specified in Spacings, Section 21, with:

a) Connectors of opposite polarity turned 30 degrees toward each other or

b) A connector turned 30 degrees toward any other opposite polarity live part or dead metal
part.

11 Primary Leads, Including Flexible Cords

11.1 The connection between a primary lead, including a flexible cord, and the winding or other part of
the transformer shall be:

a) Secured by means of a pressure wire connector or
b) Soldered, welded, or brazed.
A soldered joint shall be made mechanically secure before being soldered.

Exception: Additional mechanical security is not required when a lead is rigidly held in place without the
use of solder, or if it will be retained in place by compound or equivalent means.

11.2 A primary field wiring lead of a transformer intended for permanent connection shall have stranded
copper conductors not smaller than No. 18 AWG (0.82 mm?2).

11.3 Insulation of a primary lead shall be at least 0.030 inch (0.76 mm) thick.
11.4 Thermoplastic insulated wire and flexible cord shall not be used for a transformer lead unless it has

been investigated to be acceptable. The investigation is to consider the strain-relief employed, and the
effects of the varnishing and compounding operations on the insulation of the lead.
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11.5 A transformer lead shall have a voltage and temperature rating appropriate for the application. In a
Class 130(B) or higher insulation system, a lead shall be additionally investigated in accordance with the
requirements in the Standard for Systems of Insulating Materials — General, UL 1446.

11.6 A primary field wiring lead of a transformer for permanent connection shall extend not less than 6
inches (152 mm) outside the enclosure, and a lead of No. 18 or 16 AWG (0.82 or 1.3 mm?) wire shall
extend not more than 12 inches (305 mm) outside the enclosure.

11.7 An insulating bushing or a smooth, well-rounded opening shall be provided where the primary leads
pass through the enclosure of a permanently wired transformer.

11.8 A transformer intended for installation with open wiring or concealed knob-and-tube wiring in
accordance with Articles 320 and 324 respectively of the National Electrical Code, ANSI/NFPA 70, shall
be provided with the following:

a) A marking in accordance with 41.18;

b) A spacing of not less than 1/4 inch (6.4 mm) between the conductors;

c) A spacing of not less than 1/2 inch (12.7 mm) between the conductors and the plane of the
transformer support; and

d) An insulating bushing where the primary leads pass through the enclosure. Either a separate
hole for each lead shall be provided in the insulating material or separate bushings shall be
provided.

11.8 revised May 24, 1999

11.9 Strain-relief shall be provided so that stress on a flexible cord or a lead intended for connection to
field wiring will not be transmitted to the connection inside the transformer. Strain-relief shall be
investigated in accordance with the Strain-Relief Test, Section 36.
11.10 A strain-relief means that depends solely on adhesion between the conductor and an asphalt-type
compound shall not be used. Epoxy- and polyester-type compounds may be used for strain-relief when
the construction complies with the Strain-Relief Test, Section 36.
11.11 Flexible cord, when provided with a Class 3 transformer, shall be:

a) Not less than 5 feet (1.52 m) nor more than 10 feet (3.05 m) in length;

b) Connected to an attachment plug rated at 15 amperes; and

c) A type specified in 11.13.
11.11 revised February 28, 2001

11.12 The length of flexible cord is to be measured from the face of the attachment plug to the point
where the cord emerges from the transformer enclosure.
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11.13 The types of flexible cord for use with a portable Class 3 transformer are indicated in Table 11.1.
They are listed from lightest to heaviest, in order, with respect to general serviceability. Where these
requirements specify any particular type of flexible cord, all types following it in the table are also
acceptable.

11.13 revised February 28, 2001
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Table 11.1
Acceptable types of cord

SP-2
SP-3
SPE-2
SPE-3
SPT-2
SPT-3
SV SJO, SJOO
SVE SJT
SVO, SVOO SJTO, SJTOO
SVT S
SVTO, SVTOO SO, SE, SOO
SJ ST
SJE STO, STOO

12 Secondary Terminals and Leads
12.1 General

12.1.1 Wiring terminals, quick-connect terminals, or insulated leads shall be provided for secondary
circuit connection.

12.1.2 A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide, quick-connect terminal shall comply
with the Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-connect terminals
shall be investigated with respect to crimp pull-out, engagement-disengagement forces of the connector
and tab, and temperature rise. All tests shall be conducted in accordance with UL 310.

12.1.3 When a quick-connect terminal is provided, the maximum ampere rating of the coil shall be 5
amperes for a terminal tab with a nominal width of 0.125 inch (3.2 mm) or less. The maximum ampere
rating of the coil shall be 24 amperes for a terminal tab with a nominal width greater than 0.125 inch.

12.1.4 Terminal plates, wire-binding screws, studs, and nuts shall be constructed as specified for Primary
Wiring Terminals, Section 10.

Exception No. 1: The terminal plates may be of plated steel, cupped washers and similar devices are not
required.

Exception No. 2: A No. 4 (2.8 mm diameter) wire-binding screw with not more than 40 threads per inch
may be used for a secondary terminal of a Class 2 transformer.

12.1.5 The insulation of secondary circuits of a transformer shall be equivalent to that required for the
primary circuit of the transformer, or the secondary circuits shall be separated from all wiring of different
circuits by routing, clamping, the use of one or more barriers, or equivalent means.
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12.1.6 Other than as required in 12.1.5, the type and thickness of insulation is not specified for leads and
flexible cord on the load side of required energy-limited components. The leads and flexible cord may be
any length.

12.1.7 A fitting having female contacts shall be constructed so that it will not receive the blades of a
standard attachment plug as described in the Standard for Attachment Plugs and Receptacles, UL 498.
A fitting having male contacts shall be constructed so that the contacts will not touch a live part of a
standard attachment-plug receptacle.

12.1.8 Regarding 12.1.7, the output cord or leads of a unit for use as a Class 2 transformer are not
required to be terminated in a fitting; however, when a fitting is provided, it shall comply with the
requirements in 12.1.7.

12.2 Class 3 transformers

12.2.1 Class 3 secondary terminals and leads shall comply with the requirements for primary terminals
and leads in Primary Leads, Including Flexible Cords, Section 11. Class 3 secondary leads that terminate
in a fitting shall comply with 12.1.7 in addition to the requirements in Section 11.

13 Bushings

13.1 Other than as specified in 11.7, at a point where a wire of a flexible cord passes or is intended to
pass through an opening in a metal wall, barrier, or enclosure, there shall be an insulating bushing or the
equivalent secured in place that has a smooth, rounded surface against which the wire or cord may bear.
An insulating or metal bushing or the equivalent shall be used with a primary circuit flexible cord.

13.2 A fiber bushing shall have a wall thickness not less than 3/64 inch (1.2 mm) and shall be formed
and secured in place so that it will not be affected adversely 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
if the cord or wire is tightly bunched and firmly held in position.

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

14 Internal Wiring

14.1 The internal wiring of a transformer shall be rated for the temperature, voltage, and other conditions
of use to which it will be subjected.

14.2 Aluminum conductors, insulated or uninsulated, used for internal interconnections between
current-carrying parts, shall be terminated at each end by a method that has been determined to be
acceptable for the combination of metals at the connection points.

15 Grounding

15.1 All exposed dead metal parts shall be bonded together and to a grounding means provided for the
connection of a grounding conductor of a nonmetallic sheathed cable when a transformer is:

a) Equipped with a wiring compartment;

b) Mounted on a nonmetallic outlet box cover; or
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c) Intended for mounting on an outlet box provided with a nonmetallic cover.

The grounding means shall be a grounding screw, a threaded grounding stud, a grounding wire connector,
or a grounding wire and shall be identified by the color green or by the designation "G,” "GR,"” "GND,"
"Ground,” or the equivalent. The following symbol may be used for this purpose. © When used alone, the
symbol shall be defined in instructions provided with the transformer.

15.2 When a grounding screw is provided, it shall be No. 8-32 (4.2 mm diameter) or larger and shall have
a head that is slotted, hexagonal, or both. When it threads into aluminum, the grounding screw shall be
plated steel or stainless steel. When it threads into any other material, the grounding screw shall be plated
steel, stainless steel, copper, or copper alloy. A grounding screw shall engage at least two full threads and
shall be provided with upturned lugs or the equivalent to hold the conductor under the screw.

15.3 When a threaded grounding stud is provided, it shall be No. 8-32 (4.2 mm diameter) or larger. Studs
shall be secured by threading, welding, brazing, or equivalent securement means. When it threads into
aluminum, the grounding stud shall be plated steel or stainless steel. When it threads into any other
material, the grounding stud shall be plated steel, stainless steel, copper, or copper alloy. A threaded
grounding stud shall be provided with a nut and cupped washer with upturned edges or the equivalent to
hold the conductor under the nut head.

15.4 When a grounding wire connector is provided, it shall be a pressure wire connector sized to accept
a minimum No. 14 AWG (2.1 mm?2) copper conductor.

15.5 When a grounding wire is provided, it shall be at least No. 14 AWG (2.1 mm?) and shall be either
bare, covered, or insulated solid or stranded copper. When covered or insulated, the covering or insulation
shall be green with or without one or more yellow stripes, and no other lead shall be so identified. The
grounding wire shall not be less than 6 inches (152 mm) long.

Exception: When the primary leads are smaller than No. 14 AWG, the grounding wire may be no smaller
than the primary leads.

15.6 When a transformer is intended for connection to open wiring or concealed knob-and-tube wiring, a
grounding means as described in 15.1 shall be provided on the enclosure.

15.7 When a transformer intended for mounting on an outlet box is provided with a metal cover, all
exposed dead metal parts shall be bonded to the cover.

15.8 When a transformer is intended for mounting in a knockout, all exposed dead metal parts shall be
bonded to the mounting means. If there is no means for maintaining a bonding path between the
transformer and the equipment grounding conductor when the transformer is installed in a nonmetallic
box, the transformer shall be marked in accordance with 41.19.

15.9 When a Class 3 transformer is cord-connected, all accessible dead metal parts that are likely to be
energized by the primary circuit shall be bonded together and to the equipment grounding conductor of
the cord. The equipment grounding conductor shall be attached to the grounding blade of a grounding
type attachment plug.

Exception: Grounding is not necessary when the transformer enclosure is nonmetallic and there are no
accessible metal parts that are likely to be energized by the primary circuit.

15.9 revised February 28, 2001
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15.10 The grounding path, when ferrous, shall be resistant to corrosion by varnishing, painting,
galvanizing, plating, or the equivalent. A grounding connection may include a metal enclosure, or wires or
similar device completely within the enclosure. When a separate conductor is used, it shall not be secured
by a removable fastener used for any purpose other than grounding, unless the conductor is unlikely to
be omitted after removal and replacement of the fastener. The ends of the conductor shall be in
metal-to-metal contact with the parts to be bonded.

15.11 A solder splice shall not be employed in a wire used for bonding purposes.

15.12 In a Class 3 transformer provided with a flexible cord, the impedance at 60 hertz and the thermal
capacity between the connection point of the equipment grounding means and any other metal part
required to be grounded shall be such that the construction complies with the test specified in 25.1.

15.12 revised February 28, 2001
15.13 A Class 2 or 3 transformer need not be grounded when it:

a) Is provided with double insulation between primary and secondary circuits and between
primary circuits and exposed dead metal parts and

b) Complies with the requirements in the Standard for Double Insulation Systems for Use in
Electrical Equipment, UL 1097.

15.13 added February 28, 2001
16 Electrical Insulation

16.1 An insulating material used for direct or indirect support of live parts shall provide the levels of
performance specified in the requirements for direct and indirect support of live parts in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

16.2 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, but not as
the sole support of uninsulated live parts.

Exception: Vulcanized fiber may be used for mounting of the low voltage terminals of a Class 2
transformer, or for material used for separators, spacers, coil supports, and similar parts within a
transformer enclosure.
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17 Coil Insulation
17.1 A coil shall be provided with insulation between the:
a) Various windings,
b) Windings and the core,
¢) Windings and the enclosure, and
d) Primary crossover lead and adjacent windings.

Exception No. 1: Interposing insulation between two or more secondary windings is not required if the
windings, when interconnected, are in compliance with the performance requirements for a single-winding
construction.

Exception No. 2: Insulation between the windings as noted above is not required when the spacings
specified in Spacings, Section 21, are provided.

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

17.3 When a coil operates above the limit for Class 105 insulation during the rated output heating test at
rated current, the coil insulation provided in accordance with 21.4 shall comply with the requirements in
the Standard for Systems of Insulating Materials — General, UL 1446, for the temperature rating involved.

17.4 Coil insulating materials used in a transformer insulation system that is not rated Class 130 or higher
shall have an electrical relative thermal index not less than 105°C (221°F), as determined by the
requirements in the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B.

Exception No. 1: Electrical grade paper as described in 21.4 need not have an electrical relative thermal
index.

Exception No. 2: Insulating materials used as insulation in areas other than between primary and
secondary windings and the primary or secondary windings and core need not have an electrical relative
thermal index.

Exception No. 3: Magnet wire insulation need not have an electrical relative thermal index.

17.5 The layer of insulating material between the primary and secondary windings on a flanged, bobbin
wound transformer, on which the windings are wound one on top of the other, shall have a continuous
bent-up edge against both bobbin end-flanges. The height of the bent-up edge shall not be less than 1/32
inch (0.8 mm).

17.6 A molded bobbin transformer having a slot for the magnet coil crossover or start lead without a splice
at the windings need not incorporate a slot fill if the transformer withstands the induced potential test
described in 31.3.1 — 31.3.3.
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18 Protective Devices

18.1 Protective devices include fuses, over-temperature and overcurrent protectors, thermal protectors,
eutectic material, and similar devices intended to interrupt the flow of current as a result of overload.

18.2 Crossed or reduced cross-section conductors shall not be used as a protective device. A nicked
conductor is a form of reduced cross-section conductor.

18.3 Operation of a thermal cutoff in a transformer shall not cause a risk of fire or electric shock during
intended use. When relied upon to comply with the requirements in this standard, a thermal cutoff shall
comply with the requirements in the Standard for Thermal Cutoffs for Use in Electrical Appliances and
Components, UL 1020. A thermal cutoff is a temperature or temperature and current sensitive device
intended to interrupt a current flow at a predetermined temperature and is intended only for single
operation — it shall not be reset or reconditioned for reuse.

18.4 A manually-reset type of protective device shall be constructed so that automatic tripping is not
prevented by any setting or position of the reset mechanism.

18.5 An automatically- or manually-reset protective device or a replaceable, overcurrent-protective device
shall not open when the transformer is delivering its rated output as described in the Rated Secondary
Current Test, Section 29, and the Rated Output Heating Test, Section 30.

18.6 A protective device shall be located inside the transformer enclosure. The device shall be
inaccessible to tampering.

Exception No. 1: A transformer may be provided with a replaceable, overcurrent-protective device. When
the device is relied upon for compliance with requirements in this standard, it shall not be interchangeable
with a device having a higher current rating, and the transformer shall be marked in accordance with
41.14.

Exception No. 2: The reset button or handle of a manually-reset device need not be located inside the
enclosure.

Exception No. 3: For a transformer intended only for use in other equipment, as described in Exception
No. 5 to 5.1, the protective device may be located inside the enclosure of the end product.

18.7 When a Class 2 or Class 3 transformer does not comply with the current limitations of an inherently
limited power source in Table 27.3, it shall comply with the current and power limitation of a not inherently
limited power source as described in the table. Additionally, the transformer shall be provided with
overcurrent protection in accordance with the Calibration Test of Overcurrent-Protective Devices, Section
28.

18.8 An overcurrent-protective device provided to comply with 18.7 shall not be an automatic reclosing
type. When an accessible control of a manual-reset, overcurrent-protective device is held in the on or
reset position, and the protective device is automatically tripped, the contact shall not automatically return
to the closed position.
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18.9 When a replaceable type of overcurrent-protective device (such as a fuse) is provided to comply with
18.7, the device shall not be interchangeable with a device having a higher current rating.

18.10 An overcurrent device shall be rated in accordance with Table 27.3 and shall comply with the
Calibration Test of Overcurrent-Protective Devices, Section 28.

19 Separate Current-Limiting Impedances

19.1 Separate current-limiting impedances such as resistors or positive temperature coefficient devices
(PTCs) may be provided.

20 Separation of Internal Wiring Circuits

20.1 Unless provided with insulation rated for the highest voltage involved, insulated conductors of
different circuits shall be separated by barriers or shall be segregated and shall be separated or
segregated from uninsulated live parts connected to different circuits. The end product may provide this
separation for transformers intended for use only in other equipment as described in Exception No. 5 to
5.1.

20.2 Segregation of insulated conductors shall be accomplished by clamping, routing, or an equivalent
means that provides permanent separation from insulated or uninsulated live parts of a different circuit.

20.3 A barrier used to separate or segregate internal wiring, or used to separate or segregate low voltage
field wiring from line voltage parts, shall have mechanical strength. It shall be held in place to provide
permanent separation and shall be rated for the temperature involved.

20.4 An insulating barrier shall have a minimum thickness of 0.028 inch (0.71 mm) and shall be of
material as described in Electrical Insulation, Section 16.

20.5 In a compartment or enclosure where provision for Class 1 power, lighting, non-power limited fire
alarm, or medium power network-powered broadband communication circuit conductors (as defined in the
National Electrical Code, ANSI/NFPA 70) is available for connection to Class 2 or 3 circuits, Class 2 and
3 circuit conductors may be separated from the conductors of other circuits by the following methods:

a) A reliable barrier, clamping or routing means that maintains a minimum spacing of 1/4 inch
(6.4 mm) between the conductors of different circuits or

b) When all circuit conductors operate at 150 volts or less to ground, the Class 2 and Class 3
circuits may be installed using minimum CL3, CL3R, CL3P, or cables determined equivalent.
These cables shall extend beyond the jacket and be separated by a minimum of 1/4 inch (6.4
mm) or by an insulating sleeve or barrier from all other conductors.

20.5 added February 28, 2001
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21 Spacings

21.1 At primary wiring terminals, the spacing through air or over surface between uninsulated live parts
of opposite polarity, and between an uninsulated live part and a dead metal part that may be grounded,
shall not be less than:

a) 1/2 inch (12.7 mm), when the primary voltage rating is 250 volts or less and
b) 1 inch (25.4 mm), when the primary voltage rating exceeds 250 volts.

21.2 At points other than primary wiring terminals, the spacings between uninsulated live parts of
opposite polarity, and between an uninsulated live part and a dead metal part shall not be less than those
shown in Table 21.1.

Exception No. 1: Spacings need not be provided between turns of the same coil.

Exception No. 2: Spacings at a point in the secondary circuit may be less than those specified in Table
21.1 when the transformer is marked "Class 2" or "Class 2 Not Wet, Class 3 Wet" and the transformer
complies with the requirements in Sections 23 — 28 and 31 — 33 with a short-circuit introduced at the point
of reduced spacing.

Exception No. 3: Spacings between the primary and secondary windings of a flanged bobbin-wound
transformer within a nonventilated enclosure, as measured across the bobbin surface between the
windings, may be as specified in Table 21.2.

Exception No. 4: When spacings within a transformer coil (excluding the terminals) are reliably maintained
by means such as varnishing or impregnation, the spacings in Table 21.3 may be used.

Exception No. 5: Spacings may be less than the spacings specified in Table 21.1 if the insulating material
is provided in accordance with 21.4.

Table 21.1
Minimum acceptable spacings elsewhere than at primary wiring terminals
o Through air, Over surface, 2
Potential involved,

volts inch (mm) inch (mm)
50 or less 1/16 1.6 1/16 1.6
51 - 150 1/8 3.2 1/4 6.4
151 — 250 1/4 6.4 3/8 9.5
251 — 600 3/8 9.5 1/2 12.7

NOTE - An isolated part of conductive material (such as a screw head or washer) interposed between uninsulated live parts of
opposite polarity or between an uninsulated live part and grounded dead metal is considered to reduce the spacing by an
amount equal to the dimension of the interposed part along the path of measurement.

2 When measuring an over surface spacing any slot, groove, or similar item 0.013 inch (0.33 mm) wide or less in the contour of

the insulating material is to be disregarded. An air space of 0.013 inch or less between a live part and an insulating surface is
to be disregarded and the live part considered in contact with insulating material.
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Table 21.2
Spacings between uninsulated primary and secondary windings of bobbin-wound transformers

Minimum through air and over surface spacings,
Potential involved, volts rms inch (mm)
150 or less 1/16 1.6
Over 150 — 250 3/16 4.8
Table 21.3

Minimum spacings within a transformer coil

Through air, Over surface, &
Potential involved, volts inch (mm) inch (mm)
0 - 250 1/16 1.6 1/16 1.6
251 — 600 1/8 3.2 1/8 3.2

NOTE — These spacings do not apply when insulation is provided that complies with 21.4.
a Gaps less than 0.013 inch (0.33 mm) are to be disregarded (bridged) in determining over surface spacings.

21.3 Film-coated wire is considered insulated with regard to adjacent turns of the same coil, but is

otherwise considered uninsulated.
21.4 Insulating material used in lieu of spacings shall:
a) Be rated for the application;
b) Comply with Table 21.4;
c) Be resistant to moisture;
d) Be securely held in place; and

e) Be of the same strength as electrical grade paper when exposed or otherwise likely to be
subjected to mechanical damage.

Exception No. 1: Insulating material used in lieu of spacings and located between windings not electrically
connected together, any windings and the core, any crossover lead and a metallic enclosure, or any
crossover lead and the core may be:

a) Electrical grade paper not less than 0.012 inch (0.30 mm) thick;

b) Polymeric coil form not less than 0.025 inch (0.64 mm) thick; or

¢) Material equivalent to materials in (a) or (b) with a minimum dielectric breakdown voltage of
2500 volts applied as described in 31.2.1.
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Exception No. 2: The type and thickness of insulation between the primary crossover lead and the primary
winding shall not be specified when the coil complies with:

a) The dielectric voltage-withstand test described in 31.1.1 and 31.1.2 with the potential applied
between the coil leads and with the inner coil lead cut at the point where it enters the layer or

b) The induced potential test described in 31.3.1 — 31.3.3.

Table 21.4
Insulation used in lieu of spacings

Minimum thickness of - ) - ] -
insulating material, Minimum pgrtlon Minimum electric CII‘CU‘It
of specified breakdown potential,
Insulating material inch (mm) spacing & voltage b volts
Electrical grade paper 0.028 0.71
Electrical grade paper 0.013 0.33 1/2
Electrical grade paper 0.010 0.25 0-50
Any Any 1/2 2500
Any Any 5000
a Spacing required when no insulating material is provided.
Dielectric voltage-withstand test is to be conducted in accordance with 31.2.1.

21.5 Insulation used in lieu of spacings on a bobbin-wound transformer shall have a continuous bent-up
edge against the bobbin end-flanges. The height of the bent-up edge shall be not less than 1/32 inch (0.8
mm).

PERFORMANCE
22 General

22.1 For the tests described in Sections 23 — 37, the number of samples for each test and the order for
conducting the tests shall be as specified in Table 22.1. The same sample may be used for more than
one test if it remains undamaged from the previous test. If the tests result in damage to the transformer,
additional samples may be necessary to complete the test series. Unless otherwise specified, all tests are
to be conducted at the supply voltage specified in Table 22.2.

22.2 The frequency of the circuit shall be the rated frequency of the transformer. When the transformer
is rated for a range of frequencies, such as 50 — 60 hertz, or has a dual frequency rating, such as 50/60
hertz, tests are to be conducted at 60 hertz except as indicated in 29.2, 34.1, and 35.1.

22.3 The tests described in Sections 27 — 30, 32, 34, and 35 are to be conducted in an ambient air
temperature within the range of 21 — 30°C (70 — 86°F).

Exception: The Rated Output Heating Test, Section 30, with or without standard fuses, but without other
forms of overcurrent or overtemperature protectors, may be conducted in an ambient of 10 — 40°C (50 —
104°F).
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Table 22.1
Sequence of tests and number of samples

Section Test Number of samples

23 Leakage Current 18

24 Leakage Current After Humidity Conditioning 18

25 Grounding Continuity 18

26 Open Circuit Secondary Voltage 3P

27 Output Current and Power Sb

28 Calibration of Overcurrent-Protective Devices 3P

29 Rated Secondary Current 3P

30 Rated Output Heating 1P

31 Dielectric Voltage-Withstand 1 or moreP

Barrier 18

32 Overload Heating 1 or moreP

33 Dielectric Voltage-Withstand After Overload Heating 1 or moreP

34 Overload of Overcurrent- or Overtemperature-Protective 3P

Devices
35 Endurance of Automatically-Reset Overtemperature-Protective 3P
Devices

36 Strain-Relief 128

37 Outlet Box Cover Support and Impact Test 32
2 A new sample may be used and the test may be conducted in different order.
b The same samples shall be used for these tests in the order indicated; however if a nonreplaceable protective device opens
or a coil burnout occurs as specified in Sections 27, 28, and 32, additional samples are to be used for the remaining tests.
These additional samples need not be subjected to the preceding tests.

22.4 All exposed dead-metal parts of the transformer are to be connected to ground through a 3-ampere,
nondelay type fuse for the following tests (described in Sections 27, 28, 32, 34, and 35, respectively):

a) Output current and power;
b) Calibration of overcurrent-protective devices;
c) Overload heating;
d) Overload of overcurrent- or overtemperature-protective devices; and
e) Endurance of automatically-reset, overtemperature-protective devices.
The transformer is to be connected to a circuit having a 20-ampere, branch-circuit protection. The

transformer is to be supported on a softwood surface covered by a double layer of tissue paper and is to
be draped with a double layer of cheesecloth conforming to the transformer outline. The
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cheesecloth is to be untreated cotton cloth 36 inches (914 mm) wide, running 14 — 15 yards per pound
mass (approximately 28 — 30 m?/kg mass), and having what is known in the trade as a "count of 32 by
28," which means that for any square inch there are 32 threads in one direction and 28 threads in the
other direction (for any square centimeter there are 13 threads in one direction and 11 threads in the other
direction).

Table 22.2
Values of test voltages

Rated primary voltage Test voltage
120 or less 1202P
121 - 219 Rated voltage?
220 - 240 240
241 — 253 Rated voltage?
254 — 277 277
278 — 439 Rated voltage?
440 - 480 480
481 — 549 Rated voltage?
550 — 600 600
2 |f the rated voltage is expressed as a range, the maximum voltage of the range is to be used.
b if a transformer is rated less than 110 volts and is not intended for use on a 110 — 120 volt circuit, the transformer shall be
marked as indicated in 41.17 and the test voltage shall be the rated voltage.

22.5 During the test mentioned in 22.4, a risk of fire or electric shock is considered to exist when any of
the following occurs:

a) Opening of branch circuit protection;

b) Opening of grounding fuse;

¢) Glowing or flaming of cheesecloth;

d) Emission of molten material from the transformer enclosure;

e) Development of any opening in the enclosure that exposes live parts at a potential of more
than 42.4 volts peak to any other part or to ground; or

f) Dielectric breakdown as a result of the Dielectric Voltage-Withstand After Overload Heating
Test, Section 33.
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23 Leakage Current Test

23.1 A cord-connected Class 3 transformer shall be subjected to the test described in 23.2 — 23.8. The
results are acceptable when the leakage current does not exceed 0.5 milliampere.

23.1 revised February 28, 2001

23.2 Leakage current refers to all currents, including capacitively coupled currents, that may be conveyed
between exposed conductive surfaces of a transformer and ground or other exposed surfaces of the
transformer.

23.3 All exposed conductive surfaces are to be tested for leakage currents. When simultaneously
accessible, the leakage currents from these surfaces are to be measured to the grounded supply
conductor individually as well as collectively and from one surface to another. Parts are considered to be
exposed surfaces unless guarded by an enclosure as defined in 5.3. Surfaces are considered to be
simultaneously accessible when they can be readily contacted by one or both hands of a person at the
same time. These measurements do not apply to output terminals operating at voltages less than 30 volts
(42.4 volts peak). When all accessible surfaces are bonded together and connected to the grounding
conductor of the power-supply cord, the leakage current may be measured between the grounding
conductor and the grounded supply conductor. When exposed dead metal parts of the transformer are
connected to the neutral supply conductor, this connection is to be open during the test.

23.4 When a conductive surface other than metal is used for the enclosure or a part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters in contact with
the surface. When the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as
the surface. The metal foil is not to remain in place long enough to affect the temperature of the
transformer.

23.5 The circuit for the leakage current measurement is to be as illustrated in Figure 23.1. The
measurement instrument is defined in 23.5 (a) — (c). The meter that is actually used for a measurement
need only indicate the same numerical value for a particular measurement as would the defined
instrument. The meter used need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance
of 0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
waveform of voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuit is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the
impedance of 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an
indication of 0.5 or 0.75 milliampere, the measurement is not to have an error of more than 5
percent at 60 hertz.

23.6 Unless the meter is being used to measure leakage from one part of a transformer to another, the
meter is to be connected between an accessible part and the grounded supply conductor.
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Figure 23.1
Leakage current measurement circuit

PRODUCT METER

% INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B

LC100

Unit intended for connection to a 120-volt power supply.

PRODUCT METER

S1 q INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

-
120V

240V =—

120V
-3

LC200

Unit intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
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PRODUCT

% INSULATING
- TABLE

W
2N

GROUNDED SUPPLY CONDUCTOR
LC300

Unit intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
NOTE:
a) Probe with shielded lead.

b) Separated and used as clip with measuring currents from one part of device to another.

23.7 A sample of the transformer is to be tested for leakage current starting with the as-received condition
— the as-received condition is without prior energization except as may occur as part of the production-line
testing but with the grounding conductor, if any, open at the attachment plug. The supply voltage is to be
adjusted to the test voltage specified in Table 22.2. The test sequence, with reference to the measuring
circuit, Figure 23.1, is to be as follows:

a) With switch S1 open, the transformer 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 any
transformer switching devices in all their operating positions.

b) Switch S1 is then to be closed, energizing the transformer. Within 5 seconds the leakage
current is to be measured using both positions of switch S2, and with any transformer switching
devices in all their operating positions.

c) The leakage current is to be monitored until thermal stabilization occurs. Both positions of
switch S2 are to be used in making this measurement. Thermal stabilization is considered to be
obtained by operation as in the rated output heating test.

23.8 Normally the complete leakage current test program as described in 23.7 is to be conducted without
interruption for other tests. With the concurrence of those concerned, the leakage current tests may be
interrupted to conduct other nondestructive tests.
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24 Leakage Current Test Following Humidity Conditioning

24.1 A cord-connected transformer shall comply with the requirements for leakage current in 23.1,
following exposure for 48 hours to air having a relative humidity of 88 +2 percent at a temperature of 32
+2°C (90 +4°F).

24.2 To determine whether a product complies with the requirement in 24.1, the transformer sample is to
be heated to a temperature just above 34°C (93°F) to reduce the likelihood of condensation of moisture
during conditioning. The heated sample is to be placed in the humidity chamber and is to remain for 48
hours under the conditions specified in 24.1. Following the conditioning, the sample is to be tested
unenergized as described in 23.7(a). The sample is then to be energized and tested as described in 23.7
(b) and (c). The test to be discontinued when the leakage current stabilizes or decreases.

25 Grounding Continuity Test

25.1 To determine if a Class 3 transformer provided with a flexible cord complies with 15.12, a current of
25 amperes, derived from a 60 hertz source at a no load voltage of not more than 12 volts, is passed
between the grounding blade of the attachment plug and the metal part in question for 1 minute. The
results are acceptable if the voltage between the grounding blade and the part does not exceed 1.0F volts,
where F is the length of the cord in feet (3.28M volts, where M is the length of the cord in meters).

25.1 revised February 28, 2001
26 Open-Circuit Secondary Voltage Test

26.1 The open-circuit voltage between any two of the secondary terminals of a Class 2 transformer shall
be not more than 15 volts, or 21.2 volts peak, with or without any combination of interconnected
secondary terminals, when the primary is energized in accordance with 22.1 and 22.2.

Exception No. 1: The open-circuit voltage between secondary terminals of a two-secondary winding
transformer may exceed 21.2 volts peak when secondary terminals are interconnected, if the following
conditions are met:

a) The open-circuit voltage between any two terminals is not more than 21.2 volts peak when
no connections are made between secondary terminals and

b) The transformer is marked in accordance with 41.7.
Exception No. 2: The open-circuit voltage between any two of the secondary terminals with or without any
combination of interconnected secondary terminals, may be more than 21.2 volts peak, but not more than
42.4 volts peak, if the transformer is marked in accordance with 41.13.
Exception No. 3: The open-circuit voltage between secondary terminals of a two-secondary winding
transformer may exceed 21.2 volts peak when secondary terminals are interconnected, if the following

conditions are met:

a) The open-circuit voltage between any two terminals is not more than 42.4 volts peak when
no connections are made between secondary terminals and

b) The transformer is marked in accordance with 41.7 and 41.13.
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26.2 The open-circuit voltage between any two of the secondary terminals of a Class 3 transformer shall
not be more than 100 volts, with or without any combination of interconnected secondary terminals, when
the primary is energized in accordance with 22.1 and 22.2.

Exception: If the secondary current does not exceed 1 ampere in accordance with 27.2.1, the secondary
voltage of a not inherently limited transformer may be not more than 150 volts.

26.3 Voltage measurements are to be made using a voltmeter having an internal impedance of not less
than 3,000 ohms per volt.
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27 Output Current and Power Test
27.1 Maximum output current of inherently limited transformers

27.1.1 The output current of a Class 2 or 3 transformer intended to be inherently power limited shall be
tested as described in 27.1.2 — 27.1.7 and the flow chart in Figure 27.1. Unless the transformer is marked
in accordance with 41.7, multiple secondary windings, if any, shall be interconnected to produce maximum
current.

27.1.1 revised May 24, 1999

Table 27.1
Maximum output current — Part |

*Tables 27.1 and 27.2 revised and relocated as Figure 27.1 May 24, 1999*

27.1.2 Under the conditions described in Performance, General, Section 22, and 27.1.1, a resistance load
is to be determined that produces the largest initial value of current (including short circuit). The secondary
is to be loaded with this value of resistance, and the transformer is to be energized while at room
temperature. The results comply when the current does not exceed the values specified in Table 27.3 for
inherently limited power sources and there is no evidence of a risk of fire or electric shock as described
in 22.4 and 22.5. The current is to be measured after the applicable time of operation:

a) When a separate current-limiting impedance is provided [such as a resistor or a positive
temperature coefficient device (PTC)], the current is to be measured after 5 seconds of operation.

b) When no separate current-limiting impedance is provided, the current is to be measured after
1 minute of operation.

27.1.3 When the impedance of the short circuit measuring circuit in the secondary is to be not more than
0.03 ohm. When the secondary of a transformer is provided with leads or a flexible cord, only 1 foot (305
mm) of each lead or the cord is to be included in the short circuit.

27.1.4 When the current is interrupted by a resettable or replaceable protective device during the test, the
test is to be repeated with the protective device shorted.
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Table 27.2
Maximum output current — Part Il

*Tables 27.1 and 27.2 revised and relocated as Figure 27.1 May 24, 1999*



FEBRUARY 28, 2001

CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585

30A

Figure 27.1
Test flow chart

*Tables 27.1 and 27.2 revised and relocated as Figure 27.1 May 24, 1999*
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27.1.5 When the current is interrupted by a nonresettable, nonreplaceable protector or by coil burnout,
other samples are to be tested by attempting to adjust continuously the resistance load to hold the current
for the applicable time limit specified in 27.1.2 just greater than the value specified in Table 27.3. The
results comply when the value specified in Table 27.3 cannot be maintained for the applicable time limit
or when the current is interrupted.

27.1.6 When the current described in 27.1.5 exceeds the value specified in Table 27.3 after operating for
the applicable time limit specified in 27.1.2, another sample is to be tested. The resistance load is to be
adjusted to provide an initial current midway between the maximum initial obtainable value and the value
specified in Table 27.3. The value of resistance is not to be further adjusted during the test. After operating
for the applicable time limit, the results comply when the output current does not exceed the values
specified in Table 27.3.

27.1.7 When the test described in 27.1.6 again results in current interruption, another sample is to be
tested as described in 27.1.6. The initial current is to be adjusted to a point midway between the initial
current recorded during the test in 27.1.6 and the value specified in Figure 27.1. During this test, values
of current versus time are to be recorded. If the current is again interrupted during operation before the
applicable time limit specified in 27.1.2, the recorded curve of current versus time is to be extended to the
applicable time limit by a french curve. The results comply when this extrapolation value of current, after
the applicable time limit, does not exceed the values specified in Table 27.3.

27.1.7 revised May 24, 1999
27.2 Maximum current of not inherently limited transformers

27.2.1 When the transformer is not an inherently limited transformer, it shall be tested as described in
27.1.1 — 27.1.7. Protective devices are to be shorted out during this test. The results comply when the
maximum current does not exceed the values shown in Table 27.3 for not inherently limited transformers.
For the purpose of this test, the transformers need not comply with 22.5 as referenced in 27.1.2.
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Table 27.3

Current and power limitations

Circuit

Inherently limited transformer
(overcurrent protection not required)

Not inherently limited transformer (overcurrent protection

required)

Class 2

Class 3

Class 2

Class 3

Circuit
voltage
(volts)
Power
limitation
(volt-
amperes)
Current
limitation
(amperes)©
Maximum
overcurrent
protection
(amperes)
Transformer
maximum
nameplate
rating:
Power
(volt-
amperes)
Current
(amperes)

0 - 20°

5xV

QOver 20 but
no more
than 302

100

100/V

Over 30 but
no more
than 100

150/vV

100

100/V

0 - 152

350

1000/V

5xV

Over 15 but
no more
than 202

250

1000/V

5xV

Over 20 but
no more
than 302

250

1000/V

100/V

100

100V

Over 30 but
no more
than 100

250

1000V

100/V

100

100V

Over 100
but no more
than 150

100

100/V

NOTES

1 In all cases the applied primary voltage shall be as indicated in 22.2 and Table 22.2.
2 V is the maximum output voltage, regardless of load, with rated input applied.
& Voltage ranges shown are for sinusoidal AC in indoor locations or where wet contact is not likely to occur. For nonsinusoidal
AC, V shall be no greater than 42.4 volts peak. Where wet contact (immersion not included) is likely to occur, Class 3 wiring
methods shall be used or V shall be no greater than 15 volts for sinusoidal AC, and 21.2 volts peak for nonsinusoidal AC.

b Maximum volt-ampere output regardless of load, and overcurrent protection (if used) bypassed. Current-limiting impedances
(if used) not bypassed.
¢ Maximum output after 1 minute of operation under any noncapacitive load, including short circuit, and with overcurrent
protection (if provided) bypassed. For a current-limiting impedance, maximum output after 5 seconds of operation under any
noncapacitive load, including short-circuit, and with overcurrent protection (if provided) bypassed. Current-limiting impedances (if
used) not bypassed.

27.3 Maximum power of not inherently limited transformers

27.3.1 The maximum obtainable output power is not to exceed the value shown in Table 27.3. Protective
devices are to be shorted out during this test. Unless the transformer is marked in accordance with 41.7,
multiple secondary windings, if any, are to be interconnected to produce maximum output power. For the
purpose of this test, the transformer need not comply with 22.5 as referenced in 27.1.2. The maximum
output power is to be determined by the steps described in 27.3.1 (a) — (g). Different samples are to be
used for each condition.

a) The full load secondary voltage (Vi) is to be measured at rated secondary current (Ig).



MAY 24, 1999 CLASS 2 AND CLASS 3 TRANSFORMERS - UL 1585 33

b) Using the value of the open circuit secondary voltage (Vo) determined as described in the
Open Circuit Secondary Voltage Test, Section 26, the internal resistance (R;) of the transformer
is to be calculated using the formula:

Voc - Vu
Fi= = A

¢) The load resistance (R|) required in 27.3.1 (d), (f) and (g) is to be calculated using the formula:

%
Ro=Ri15-%

in which:

% is the percent of open circuit secondary voltage (for example, for the value 50, % would
be equal to the value 0.5).

d) Starting with the transformer at room temperature, the transformer is to be loaded with a
resistance load (R|), calculated as described in 27.3.1(c), with the percent of open circuit
secondary voltage (%) equal to 0.65. The ampere rating of the resistance load (R|) shall be not
less than the maximum secondary output current (Ig). At the end of 2 minutes of operation, the
secondary voltage (V) and secondary output current (Ig) are to be measured. Once the
transformer is energized, there shall be no adjustment of the resistance load (R)).

e) The maximum output power (VAp) is to be calculated using the formula:

VAO = VO X IO

f) If the output power (VAp) calculated in 27.3.1(e) exceeds the value in Figure 27.1, the result
does not comply. If the output power (VAg) calculated in 27.3.1(e) is not more than 80 percent of
the value in Table 27.3, the result complies. If the output power (VAp) calculated in 27.3.1(e) is
within 20 percent of the value in Table 27.3, then additional secondary voltage (Vo) and current
(Ip) measurements are to be made and the maximum output power (VAg) is to be calculated with
the percent of open circuit secondary voltage (%) equal to 0.6 and 0.7. The results do not comply
if the calculated output power (VAg) exceeds the value in Table 27.3.

g) If the maximum output power (VAgp) calculated at either the 0.6 or 0.7 level in 27.3.1(f) is
greater than that calculated in 27.3.1(e), additional measurements are to be made. The resistance
load (R) is to be set to the value calculated with the percent of open circuit secondary voltage
(%) in 27.3.1(f) which resulted in a calculated maximum output power greater than that calculated
in 27.3.1(e). Successive 0.05 increments are to be used to calculate R, and measurements are
to be taken until the calculated output power (VAp) starts to decline. The results comply if the
maximum calculated output power (VAp) does not exceed the appropriate value in Table 27.3.

27.3.1 revised May 24, 1999
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28 Calibration Test of Overcurrent-Protective Devices

28.1 A device used for overcurrent protection provided as a part of a not inherently limiting Class 2 or
Class 3 transformer shall operate to open the circuit in not more than the time indicated in Table 28.1
when the transformer is delivering the specified secondary current. The protective device may be located
in either the primary or secondary circuit. The results comply when there is no emission of flame or molten
metal from the transformer enclosure and no other evidence of a risk of fire or electric shock as described
in 22.4 and 22.5.

Exception: This test need not be conducted if a suitably rated fuse investigated in accordance with the
requirements of the Standard for Low-Voltage Fuses, UL 248, is provided in the output circuit (see Table
27.3).

28.1 revised February 28, 2001

Table 28.1
Maximum acceptable time to open

Open circuit secondary potential, Maximum time for overcurrent-
volts Secondary test current, amperes protective device to open, minutes
Class 2
20 or less 10 2
20 or less 6.75 602
Over 20 to 30 200/V max 2
Over 20 to 30 135/Vmax 602
Class 3
Over 30 to 100 200/V max 2
Over 30 to 100 135/Vmax 602
Over 100 to 150 2 2
Over 100 to 150 1.35 602
a After 15 minutes of operation, the current is to be readjusted to return the power to the value shown.

28.2 To determine if an overcurrent-protective device complies with the requirement in 28.1, the
transformer is to deliver the test current to a resistance load, with the primary connected to a circuit as
described in Performance, General, Section 22.

28.3 If there is more than one secondary or if the secondary has accessible taps, tests shall be conducted
to determine that for any winding or partial winding, the protective device will open within the time-current
value shown in Table 28.1.

28.4 Each resistive load condition shall be started with the transformer at ambient air temperature as
specified in 22.3.

28.4 revised February 28, 2001
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29 Rated Secondary Current Test

29.1 A transformer marked with a secondary current rating shall be capable of delivering its rated full load
secondary current continuously. When the transformer has its output rated in volt-amperes or watts, the
rated output current is to be determined by dividing the rated output voltage into the rated output
volt-amperes or watts.

29.2 To determine whether a transformer complies with the requirement in 29.1, a transformer is to be
tested with a variable resistance and ammeter connected to the secondary, and the primary connected to
a circuit in accordance with 22.1 and 22.3. When the transformer is rated for a range of frequencies (such
as 50 — 60 hertz) or has a dual frequency rating (such a 50/60 hertz), the test is to be
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conducted with the supply circuit at the lowest frequency. The resistor is to be adjusted until the rated
full-load secondary current is drawn. When the transformer has an overtemperature or
overcurrent-protective device, the transformer is to be mounted so that the device is at the top. In all other
cases the transformer is to be mounted so that primary terminals or line end of the leads are on top. After
15 minutes of operation, the load is to be readjusted, if necessary, to return the current to the full-load
value. The circuit is to be kept energized for 1 hour without further adjustment. At the end of the 1-hour
period, the output current shall not be less than 90 percent of the rated value, and the overtemperature
or overcurrent-protective device shall not function. The test is to be performed at the ambient temperature
specified in 22.3.

29.3 Regarding 29.2, when a transformer has two secondary windings, both windings are to be operated
simultaneously with each secondary winding independently loaded.

30 Rated Output Heating Test

30.1 The test described in the Rated Secondary Current Test, Section 29, is to be continued without
further adjustment until temperatures become constant. Protective devices are not to be shorted out
during the test. The temperature rise on various materials and parts shall not exceed the limits specified
in Table 30.1, and protective devices shall not operate during the test.

30.2 Regarding note ¢ of Table 30.1, a material’s thermal conductivity can be obtained by comparing it
with the known thermal conductivity of another material. A sample of the material with the unknown value
of thermal conductivity is to be the same size as used in the transformer. It is to be placed in direct contact
along one full side with a heated metal plate. A sample of the same size material with a known value of
thermal conductivity is to be placed directly on top of the unknown material, along one full side. The
change in temperature through each material is to be measured at points along the same vertical axis,
and the coefficient of thermal conductivity of the unknown material may be derived from the following
equation:

T of known material coefficient of unknown material

T of unknown material coefficient of known material

30.3 Other than those cases where it is specifically stated that temperature determinations are to be
made by the resistance method, temperatures are to be measured by means of thermocouples. A
thermocouple measured temperature is to be considered constant if three successive readings, taken at
intervals of 10 percent of the previously elapsed duration of the test, but at not less than 5-minute
intervals, indicate no change. The junction of the thermocouple is to be secured in contact with the point
on the surface at which the temperature is to be measured. The thermocouple is to consist of wires not
larger than No. 24 AWG (0.21 mmz).

30.4 Coil and winding temperatures are to be determined by the resistance method.

30.5 When thermocouples are used to determine temperatures involving the heating of electrical devices,
it is standard practice to use thermocouples consisting of No. 30 AWG (0.05 mmz) 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 conform with the requirements for
special thermocouples specified in the Initial Calibration Tolerances for Thermocouples table in
Temperature Measurement Thermocouples, ANSI/ISA MC96.1.

30.5 revised May 24, 1999
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Table 30.1
Maximum acceptable temperature rises
Table 30.1 revised May 24, 1999
Material °C (°F)
1. Rubber or thermoplastic insulated conductors® 35 63
2. Primary circuit field Wiringb 35 63
3. Fuses other than Class CC, G, J, or T, and fuses other than those with glass or 65 117
ceramic bodies
4. Class CC, G, J, or T fuses and those fuses with glass or ceramic bodies 85 153
5. Fiber used as electric insulation 65 117
6. Varnish-cloth insulation 60 108
7. Phenolic composition® 125 225
8. Wood or similar material 65 117
9. Class 105 transformer insulation system:
Resistance method 75 135
Thermocouple method 65 117
10. Class 130 transformer insulation system:
Resistance method 95 171
Thermocouple method 85 153
11. Class 155 transformer insulation system:
Resistance method 115 207
Thermocouple method 110 198
12. Class 180 transformer insulation system:
Resistance method 135 243
Thermocouple method 125 225
13. Surface temperature, permanently-connected transformer 60 108
14. Surface temperature, cord-connected:©
Metal 30 54
Nonmetallic 55 99
15. Polymeric materiald 40°C (104°F) less than its
temperature rating

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Material °C | (°F)

@ The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have
been investigated and found to be acceptable for use at a higher temperature; however, the maximum acceptable temperature
rise is not to equal or exceed a value that is the acceptable temperature limit for the material in question.

b The maximum acceptable temperature rise at primary circuit field wiring may be 65°C if the transformer is marked in
accordance with 41.14 and Table 41.1.

€ A material having a coefficient of thermal conductivity greater than 2.419 Btu-ft/hour-f2-°F (4.18 W/M-K) is considered to be
metal.

d Material relied upon for enclosure, barriers, or direct or indirect support of live parts other than coils. Polymeric material used
in a Class 105 coil insulation system shall have an electrical relative thermal index not less than 105°C (221°F).

30.6 The temperature rise of a copper or aluminum winding is to be calculated by the following formula
(windings are to be at room temperature at the start of the test):

At =

>

(k +t) = (k +t)

in which:

At is the temperature rise;

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

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

k is 234.5 for copper and 225.0 for aluminum;

t; is the room temperature at the beginning of the test, in °C; and

t, is the room temperature at the end of the test, in °C.
30.7 Since it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown may be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after shutdown. A curve of the resistance values against time may be plotted and
extrapolated to give the value of R at shutdown. A similar result may be achieved by using the least

square statistical method with a computer or programmable calculator. Instrumentation by which R can be
measured while the coil is energized may be used.
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31 Dielectric Voltage-Withstand Test
31.1 General

31.1.1 A transformer shall be subjected for 1 minute to the application of a 60-hertz, essentially sinusoidal
potential with the unit at the maximum operating temperature reached in the Rated Output Heating Test,
Section 30. The results comply when there is no dielectric breakdown. The applied potential is to be:

a) 1000 volts plus twice the primary test voltage as specified in Table 22.2 between the primary
circuit and accessible, dead-metal parts.

b) For a Class 2 transformer, 2500 volts between the primary and secondary circuits. For a Class
3 transformer, the voltage described in 31.1.1(a) between the primary and secondary circuits.

¢) 1000 volts plus two times the sum of the secondary voltages between the secondary windings
unless considered as a single winding as described in Exception No. 1 to 17.1.

d) 500 volts between a secondary circuit operating at 30 volts (42.4 volts peak) or less and
accessible, dead-metal parts; 1000 volts plus twice the maximum rated secondary circuit voltage
between a secondary circuit voltage between a secondary circuit operating at more than 30 volts
(42.4 volts peak) and accessible, dead-metal parts.

31.1.2 To determine if a transformer complies with the requirements in 32.1, it is to be tested by means
of a transformer with a capacity of 500 volt-amperes or larger, having an output voltage that is essentially
sinusoidal and can be varied. The applied potential is to be increased from zero until the required test level
is reached and is to be held at that level for 1 minute. The applied potential is to be increased at a uniform
rate as rapid as is consistent with its correct value indicated by the voltmeter.

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

31.1.3 Dielectric breakdown, not leakage current, shall be the criterion that determines compliance.
Leakage current is the normal flow of current due to imperfect insulating materials and can vary with the
applied voltage. Dielectric breakdown typically occurs when there is an abrupt decrease or retarded
advance of the voltmeter reading.

31.2 Insulating barriers

31.2.1 With respect to 21.4, the insulating material is to be placed between opposing metal electrodes.
The electrodes are to be cylindrical brass or stainless steel rods 1/4 inch (6.4 mm) in diameter with edges
rounded to a 1/32 inch (0.8 mm) radius. The upper moveable electrode is to weigh 50 +2 grams to exert
sufficient pressure on the specimen and provide good electrical contact. The test potential is to be
increased to the test value, and the maximum test potential is to be maintained for 1 second. There shall
not be dielectric breakdown.

31.3 Induced potential

31.3.1 A transformer tested in accordance with 17.6 or with Exception No. 2 to 21.4 shall be subjected to
the application of an alternating potential between the terminals of one winding with the ends of all other
windings of the transformer open. The potential shall be twice the rated voltage of the winding under test.
The frequency of the applied potential is to be minimum twice the rated frequency of the transformer and
is to be applied for 7200 cycles. There shall not be dielectric breakdown.
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31.3.2 Regarding 31.3.1, a transformer is to be in a heated condition resulting from the Rated Output
Heating Test, Section 30. Alternatively, the transformer may be conditioned in an oven set at the
temperature recorded during the heating test before the induced potential test is conducted.

31.3.3 The test voltage specified in 31.3.1 is to be started at one-quarter or less of the full value and
increased to full value in not more than 15 seconds. After being held for the time specified, the voltage is
to be reduced slowly to one-quarter of the maximum value or less within 5 seconds, and the circuit is to
be opened.

32 Overload Heating Test
32.1 General

32.1.1 A transformer shall be subjected to the overload tests described in 32.2.1 — 32.2.8, as specified in
Performance, General, Section 22. A protective device that is relied upon to open the circuit as a result
of the tests is to be one that has been investigated for this purpose.

32.2 Procedure

32.2.1 One sample of a transformer is to be operated under conditions of Table 32.1 as described in
32.2.2 — 32.2.8 and Figure 32.1). One minute after completion of the test, the transformer is to be
subjected to the Dielectric Voltage-Withstand After Overload Heating Test, Section 33.

32.2.1 revised May 24, 1999

Table 32.1
Test loading conditions

Condition Secondary winding load
A Load used for final sample in tests described in 27.1.1 —
27.2.1
B Rectifier to cause half wave rectified short circuit

(For conditions C — 1) rated current plus indicated percent of difference between condition A and rated current:

C 75

D 50
E 25
F 20

G 15

H 10
|

5
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Table 32.2
Overload heating test — Part |

*Tables 32.2 and 32.3 revised and relocated as Figure 32.1 May 24, 1999*

Table 32.3
Overload heating test — Part Il

*Tables 32.2 and 32.3 revised and relocated as Figure 32.1 May 24, 1999*

32.2.2 The test is to be terminated when the transformer operates the full 7 hours as described in 32.2.3
without a winding or protective device opening and complies with the following items:

a) The temperature rise of the coil, determined by the resistance method described in 30.6 and
30.7, does not exceed the temperature rise specified in Table 32.4 for the appropriate class of
insulation.

Exception: The temperature rise may exceed the value specified in Table 32.4 if the test is
continued on three samples for 15 days as described in 32.2.4.

b) There is no evidence of risk of fire or electric shock as described in 22.5.

32.2.3 Condition A of Table 32.1 is to be used as the test condition unless the test is then interrupted by
a protector or burnout before 7 hours has elapsed. The next condition in the table is then to be used. This
is to continue as shown in Figure 32.1 until a transformer operates the full 7 hours or, if the temperature
rise at the end of 7 hours exceeds the values given in 32.2.2(a), until three samples of the transformer
operate for 15 days as described in 32.2.4. Test conditions A — | may be run sequentially or
simultaneously.

32.2.3 revised May 24, 1999
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Figure 32.1
Overload heating test flow chart

*Tables 32.2 and 32.3 revised and relocated as Figure 32.1 May 24, 1999*
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Table 32.4
Maximum acceptable coil temperature rise for insulation systems

Temperature rise
Insulation system class °C (°F)
105 105 189
1302 135 243
1552 160 288
1802 185 333
& Insulation shall comply with the requirements in 17.3.

32.2.4 In accordance with the exception of 32.2.2(a), three samples of the transformer are to be tested
for 15 days under the condition specified in Table 32.1 that caused the temperature rise values in
32.2.2(a) to be exceeded. At the end of 15 days, the transformer shall comply with 32.2.2(b). If the 15-day
test is interrupted and the transformer complies with 32.2.2(b), the next condition is to be used and the
test is to be continued as described in 32.2.3. If this 15-day test is interrupted, and the transformer does
not comply with 32.2.2(b), the result does not comply.

32.2.5 For the purpose of these requirements, each secondary winding tap is considered the equivalent
of a secondary winding.

32.2.6 When a transformer is equipped with more than one secondary winding, each of the secondary
windings is to be loaded for each condition specified in Table 32.1 with the other windings loaded to rated
current.

32.2.7 All secondary windings are to be loaded to rated current before the abnormal condition is
introduced. The loads, other than the one connected to the winding to be overloaded, are not to be
readjusted thereafter.

32.2.8 For the loading conditions, a variable resistor is to be connected across the secondary winding.
The tests described in conditions A — | of Table 32.1 are to be continued for 7 hours unless a winding of
the transformer or a protective device opens in a shorter time. When conducting the tests described in
conditions C — | of Table 32.1, the variable resistance load is to be adjusted to the required value as
quickly as possible and readjusted, if necessary, 1 minute after application of voltage to the primary
winding.

33 Dielectric Voltage-Withstand After Overload Heating Test

33.1 One minute after completion of the overload heating test, a transformer is to be subjected to the
Dielectric Voltage-Withstand Test, Section 31.

Exception: The voltage between primary and secondary need not exceed 1000 volts plus twice the
primary test voltages covered in 22.1 and Table 22.2.
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34 Overload Test of Overcurrent- or Overtemperature-Protective Devices

34.1 A protective device (other than a fuse, thermal cutoff, or an automatically-resettable device as
covered in the Endurance Test of Automatically-Reset, Overtemperature-Protective Devices, Section 35)
provided as a part of a transformer shall be capable of making and breaking the circuit for a total of 50
cycles of operation with the transformer loaded in accordance with 27.1.1, 27.1.2, and 27.2.1. The
transformer is to be connected to a source of supply as described in Performance, General, Section 22.
If the transformer is rated for a range of frequencies (such as 50 — 60 hertz) or has a dual frequency rating
(such as 50/60 hertz) the test is to be conducted at the lowest frequency. The results comply when there
is no emission of flame or molten material from the transformer enclosure, or other evidence of a risk of
fire or electric shock, as described in 22.4 and 22.5, and the overcurrent-protective device is operable at
the end of the test.

34.2 In the test of a manually-resettable protective device, the device is to be reset as soon as possible
after opening; however, if the device cannot be reset within 1 hour after opening in any cycle, the test is
to be stopped and the device is to be considered inoperable.

35 Endurance Test of Automatically-Reset, Overtemperature-Protective Devices

35.1 A transformer provided with an automatically-reset, overtemperature-protective device shall be
subjected to an endurance test. The secondary is to be loaded as described in the Output Current and
Power Test, Section 27, to produce the maximum possible current through the automatic-reset device.
The transformer is to be connected to a source of supply as described in Performance, General, Section
22. When the transformer is rated for a range of frequencies (such as 50 — 60 hertz) or has a dual
frequency rating (such as a 50/60 hertz) the test is to be conducted at the lowest frequency. The
transformer is to operate for 15 days. The results comply when:

a) There is no emission of flame or molten material from the transformer enclosure;
b) There is no other evidence of a risk of fire or electric shock as described in 22.4 and 22.5; and
c) The protective device remains operable.

Exception No. 1: When the current results in interruption of an overcurrent-protective device, a new
transformer is to be tested starting with the load current that caused a current of 110 percent of the
overcurrent device rating to flow through the overcurrent device. If the overcurrent device opens the circuit
before 15 days, a new transformer is to be tested. The load current is to be decreased in increments of
2 percent of the overcurrent device rating until a current is reached at which the overcurrent device does
not open within 15 days.

Exception No. 2: The test does not have to be conducted when the protective device has been previously
tested for 6000 cycles of operation at the maximum measured voltage and maximum available current of
the winding circuit to which it is connected as determined in the Output Current and Power Test, Section
27.
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36 Strain-Relief Test
36.1 Flexible cord

36.1.1 The strain-relief means provided on a flexible supply cord of a Class 3 transformer shall be
subjected to a direct pull of 35 pounds (156 N) applied to the cord for 1 minute with the connections within
the transformer disconnected. The force is to be applied so that the strain-relief means will be stressed
from any angle that the transformer construction permits. At the point of disconnection of the conductors,
there shall be no movement of the cord to indicate that stress on the connections would have resulted.

36.1.1 revised February 28, 2001

36.1.2 The strain-relief means provided for the output cord on a Class 3 transformer shall be subjected
to a direct pull of 20 pounds (89 N) for 1 minute. With the output cord connected internally, movement of
the cord shall not result in a reduction of spacings to primary or dead metal parts, damage to the
transformer or enclosure, or interruption of the output circuit wiring.

36.1.2 revised February 28, 2001
36.2 Leads

36.2.1 The strain-relief means on a lead intended for connection to field wiring shall be subjected to a
force equal to the weight of the transformer but not less than 3 pounds (13.4 N) nor more than 10 pounds
(45 N). The force is to be applied to the lead for 1 minute in any direction allowed by the construction.
There shall be no indication that stress on the connections inside the transformer would have resulted.

37 Outlet Box Cover Support and Impact Tests
37.1 General

37.1.1 When a transformer is provided with a nonmetallic cover intended to cover an outlet box as
described in 7.4, the cover shall be subjected to the tests described in 37.2.1 and 37.3.1. There shall be
no cracking or crazing of the cover and, at the conclusion of the test, the cover shall withstand a potential
of 2V + 1000 volts (applied as described in 31.1.1) without dielectric breakdown. V is the test voltage
specified in Table 22.2.

37.2 Support
37.2.1 One sample of the transformer and cover is to be mounted on an outlet box and subjected to

application of a weight three times the weight of the transformer using both configurations shown in Figure
37.1.
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37.3 Impact

37.3.1 Three samples of the transformer and cover shall be subjected to a single impact of 5 foot-pounds
(6.8 J) with the transformer and cover mounted on an outlet box. The impact is to be produced as shown
in Figure 37.2 by:

a) Dropping a steel sphere 2 inches (50.8 mm) in diameter and weighing 1.18 pounds (0.535
kg) from a height of 51 inches (1.3 m) or

b) Suspending the steel sphere from a cord and swinging it as a pendulum, dropping through a
vertical distance of 51 inches.

Figure 37.1
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Figure 37.2
Ball impact test
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1) The vertical distance the sphere must travel to produce the desired impact is 51 inches (1.3 m).

2) For the ball-pendulum impact test, the sphere is to contact the test sample when the string is in the vertical position as shown.

3) The supporting surface is to consist of a layer of tongue-and-groove oak flooring mounted on two layers of 3/4 inch (19 mm)
plywood. The oak flooring is nominally 3/4 inch thick [actual size 3/4 by 2-1/4 inches (19 by 57 mm)]. The assembly is to rest on a
concrete floor. An equivalent nonresilient supporting surface may be used.

4) The backing surface is to consist of 3/4 inch plywood over a rigid surface of concrete. An equivalent nonresilient backing surface

may be used.
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MANUFACTURING AND PRODUCTION TESTS
38 Production-Line Dielectric Voltage-Withstand Test

38.1 As a routing production line test, each transformer shall be subjected to the application of a potential
at a frequency within the range of 40 — 70 hertz:

a) Between the primary wiring, including connected components, and accessible dead metal
parts that are likely to become energized and

b) Between primary wiring and accessible, low-voltage metal parts, including terminals.
There shall be no dielectric breakdown.
38.2 The applied potential for the test is to be 1000 volts for 60 seconds or 1200 volts for 1 second.
38.3 The transformer may be in a heated or unheated condition for the test.

38.4 The test is to be conducted when the transformer is fully assembled. It is not intended that the unit
be unwired, modified, or disassembled for the test.

Exception No. 1: A part such as a snap cover or a friction-fit knob that would interfere with the test need
not be in place.

Exception No. 2: The test may be conducted before final assembly if the test represents that for the
completed transformer.

38.5 The test equipment is to include a transformer having:
a) An essentially sinusoidal output;
b) A means of indicating the test potential;
¢) An audible or visible indicator of dielectric breakdown; and

d) Either a manual-reset device to restore the equipment after dielectric breakdown, or an
automatic-reject feature activated by any unit that fails this test.

38.6 When the output of the test equipment transformer is less than 500 volt-amperes, the equipment
shall include a voltmeter in the output circuit to indicate the test potential directly.

38.7 When the output of the test equipment transformer is 500 volt-amperes or more, the test potential
may be indicated by:

a) A voltmeter in the primary circuit or in a tertiary winding circuit;
b) A selector switch marked to indicate the test potential; or

c) In the case of equipment having a single test potential output, a marking in a readily visible
location to indicate the test potential.

When a marking is used without an indicating voltmeter, the equipment shall include a positive means,
such as an indicator lamp, to indicate that the manually reset switch has been reset following a dielectric
breakdown.
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38.8 Test equipment other than that described in 38.6 and 38.7 may be used if the intended factory
control is accomplished.

39 Production-Line Grounding Continuity Test

39.1 Each transformer that has a power supply cord having a grounding conductor shall be tested, as a
routine production-line test, to determine that grounding continuity exists between the grounding blade of
the attachment-plug and the accessible, dead-metal parts of the transformer that are likely to become
energized.

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

39.3 Any indicating device such as an ohm-meter or a battery-and-buzzer combination may be used to
determine compliance with 39.1.

RATINGS
40 Detalls

40.1 The electrical ratings of a transformer shall include the primary voltage and frequency and the
voltage and volt-amperes or amperes for each secondary winding. The ratings shall be in accordance with
Table 27.3.

40.2 The primary voltage rating of a Class 3 transformer supplied by means of a flexible cord shall be
120 volts.
40.2 revised February 28, 2001

40.3 The secondary voltage rating of each secondary winding of a Class 2 transformer shall not be more
than 30 volts rms.

40.4 When the open circuit secondary voltage of a winding of a Class 2 transformer exceeds 21.2 volts
peak, the secondary voltage rating of the winding shall be greater than 15 volts rms and the transformer
shall be marked in accordance with 41.13.

40.5 The secondary voltage rating of each secondary winding of a Class 3 transformer shall not exceed
100 volts rms when the transformer is inherently limited and shall not exceed 150 volts rms when the
transformer is not inherently limited.
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MARKINGS
41 Details

41.1 A transformer shall be legibly and permanently marked with the manufacturer's name, trade name,
or trademark; the date or other dating period of manufacture not exceeding any three consecutive months;
a distinctive catalog number or the equivalent; and the electrical rating.

Exception No. 1: The manufacturer’s identification may be in a traceable code if the transformer is
identified by the brand or trademark owned by a private labeler.

Exception No. 2: The date of manufacture may be abbreviated or in a nationally accepted conventional
code, or in a code affirmed by the manufacturer when:

a) The date code does not repeat in less than 25 years.

b) The date code does not require reference to the manufacturer’s records to determine when
the product was manufactured.

41.2 For transformers intended for use in equipment covered by separate requirements, required
markings other than the manufacturer’'s name and catalog number may be on the end product.

41.3 When a manufacturer produces transformers at more than one factory, each finished transformer
shall have a distinctive marking — which may be in code — to identify it as the product of a particular
factory.

41.4 A required marking shall be molded, die stamped, paint stenciled, stamped or etched on metal, or
indelibly stamped on pressure sensitive labels secured by adhesive. Pressure sensitive labels secured by
adhesive shall comply with the applicable portions of the Standard for Marking and Labeling Systems, UL
969. Ordinary usage, handling, or storage of the transformer shall be considered when determining the
permanence of marking.

415 A Class 2 or a Class 3 transformer shall be marked with the words "Class 2" or "Class 3,"
respectively, or as described in 41.13.

41.6 A transformer shall be plainly marked to indicate which terminals (or leads) are for primary and
which are for secondary windings. Secondary winding connections shall be identified from each other.

Exception: A Class 3 transformer supplied with a flexible cord and attachment plug need not be marked
to distinguish between primary and secondary.

41.6 revised February 28, 2001

41.7 A transformer with multiple secondary windings (as described in 3.1) having an output exceeding
21.2 or 42.4 volts peak as described in 26.1, or a transformer with an output current exceeding the limit
specified in 27.1.1 or 27.3.1, shall be marked where readily visible after installation, with the word
"WARNING" and the following or the equivalent: "Risk of electric shock or fire, do not interconnect
secondary windings.” The word "WARNING" shall be in letters not less than 1/8 inch (3.2 mm) high. The
remaining letters shall be not less than 1/16 inch (1.6 mm) high.
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41.8 The marking specified in 41.7 shall be located on the transformer or on a tag complying with the
requirements in 41.9 and 41.10.

41.9 The marking specified in 41.7 may be provided on a permanent tag that is secured to the
transformer or supply cord. The tag shall be attached so it cannot be easily removed. The tag shall also
be marked "Do not remove this tag” or the equivalent, in letters not less than 3/32 inch (2.4 mm) high.

41.10 The tag mentioned in 41.9 shall be made of durable material that provides mechanical strength,
such as cloth, plastic, or the equivalent, and shall be large enough to fit the required marking.

41.11 A transformer with primary field-wiring terminals intended for use with copper and aluminum
conductors shall be marked "Use copper or aluminum wire.”

41.12 A transformer with primary field-wiring terminals intended for use with copper wire only shall be
marked "Use copper wire only.” When the field-wiring terminals are intended for aluminum wire only, the
transformer shall be marked "Use aluminum wire only.”
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41.13 When the open circuit secondary voltage of a transformer exceeds 15 volts rms or 21.2 volts peak
but does not exceed 30 volts rms or 42.4 volts peak, the transformer shall be marked "Class 2 not wet,
Class 3 wet" or the equivalent to indicate that Class 3 wiring methods are required to be used, in
accordance with Article 725 of the National Electrical Code, ANSI/NFPA 70, (if the wiring extends into
areas where wet contact is likely).

41.13 revised May 24, 1999

41.14 When a replaceable protective device is incorporated in a Class 2 transformer and relied upon to
comply with any requirement contained in this standard, the transformer shall be legibly marked to indicate
the proper replacement part and procedure. The marking shall be visible when accessing the protective
device.

41.15 When more than one primary circuit wire connector is provided at a single connection point, each
connector shall be identified as to the wire size or range of wire sizes for which it is appropriate.

41.16 If, during the rated output heating test, the temperature rise on a field installed lead or on any part
within the compartment that the lead might contact is more than 35°C (63°F), the transformer shall be
marked with the following statement or the equivalent, at or near the point where field connections will be
made, and located so that it will be readily visible during installation: "Use wire rated for at least __ °C."
The temperature value to be used in the preceding statement shall be in accordance with Table 41.1.

Table 41.1
Wiring compartment marking

Temperature rise attained during test Value to be used in marking indicated in
More than, But not more than, 41.16,
oC F) oC ) oC
35 63 50 90 75
50 90 65 117 90

41.17 A transformer rated less than 110 volts and not intended for use on a 110 — 120 volt circuit shall
be marked "For use only on -volt circuits.” The blank space is to be replaced with the intended
voltage.

41.18 With reference to 11.8, a Class 2 or Class 3 transformer intended for installation with open wiring
or concealed knob-and-tube wiring in accordance with Articles 320 and 324 of the National Electrical
Code, ANSI/NFPA 70, shall be marked where readily visible "Suitable for use in accordance with Articles
320 and 324 of the NEC."

41.18 revised May 24, 1999

41.19 In accordance with 15.8, if a transformer is intended for mounting in a knockout and there is no
means for maintaining a bonding path between the transformer and the equipment grounding conductor
when the transformer is installed in a nonmetallic box, the transformer shall be marked "Install in Metal
Box Only."”
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APPENDIX A
Standards for Components

Standards under which components of the products covered by this standard are evaluated include the
following:

Title of Standard — UL Standard Designation

Attachment Plugs and Receptacles — UL 498

Cord Sets and Power-Supply Cords — UL 817

Double Insulation Systems for Use in Electrical Equipment — UL 1097
Fittings for Cable and Conduit — UL 514B

Flexible Cord and Fixture Wire — UL 62

Fuses for Supplementary Overcurrent Protection — UL 198G

Marking and Labeling Systems — UL 969

Metallic Outlet Boxes — UL 514A

Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers — UL 514C
Polymeric Materials — Fabricated Parts — UL 746D

Polymeric Materials — Long Term Property Evaluations — UL 746B
Polymeric Materials — Short Term Property Evaluations — UL 746A
Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C
Systems of Insulating Materials — General — UL 1446
Temperature-Indicating and -Regulating Equipment — UL 873

Terminal Blocks — UL 1059

Thermal Cutoffs for Use in Electrical Appliances and Components — UL 1020
Tubing, Extruded Insulating — UL 224

Wire Connectors and Soldering Lugs for Use with Copper Conductors — UL 486A
Wire Connectors for Use with Aluminum Conductors — UL 486B

Wires and Cables, Thermoplastic-Insulated — UL 83

Wires and Cables, Thermoset-Insulated — UL 44
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Subjects 506 (1561, 1562, 1585) 1655 Scott Blvd.
Santa Clara, CA 95050
October 10, 1997

TO: Industry Advisory Conference (IAC) for:

Specialty Transformers, SU 506,
Large General Purpose (Over 10 KVA) Transformers, SU 1561,
Dry Type Transformers Over 600 Volts, SU 1562, and
Class 2 and Class 3 Transformers, SU 1585,

Electrical Council Of Underwriters Laboratories Inc.,

Subscribers to UL's Standards Service for:
Specialty Transformers, UL 506,
Dry-Type General Purpose and Power Transformers, UL 1561,
Transformers, Distribution, Dry-Type over 600 Volts, UL 1562, and
Class 2 and Class 3 Transformers, UL 1585,

Subscribers to UL’s Listing and Recognition Services for:
Distribution, Dry-Type over 600 V, XPFS,
Transformers, Distribution Dry-Type over 600 V, XPFS2,
Power and General Purpose, Dry-Type, XQNX, and
Power and General Purpose Transformers, Dry-Type, XQNX2

BhiilECEment of Underwriters Laboratories Available CE (European Mark of Conformity) & CB
(Certified Body Scheme) Related Services Which Provide Assistance to The Exporters of
Transformers For Verification & Documentation of Conformance With The European Standard
For Isolating Transformers & Safety Isolating Transformers, EN 60742

UL announces the availability of the following services that have been developed specifically for the
exporters of transformers rated as defined in Appendix A below.

Detailed information on the CE Marking, CB Scheme, and UL’s newest subsidiary, Danish National
Testing and Certification Organization (DEMKO), has been enclosed as Appendices B, C, and D. It
should be noted that the information contained in the Appendices is based on dated material. As such,
the information presented is valid as of the date of the publication of this Bulletin. The requirements and
directives, however, may be revised or changed in the future. Please contact UL’s International
Compliance Services Department (ICS) for any specific updates.

The enclosed information also provides a list of general services that are provided by UL's ICS
Department relative to the CE Marking, CB Scheme, and DEMKO.

The services discussed in this Bulletin are primarily engineering related services that are based
on the requirements of EN 60742, the European Standard for Isolating and Safety Isolating
Transformers. These services will be complemented by and in conjunction with the Services that
are offered by UL’s ICS Department.

This bulletin should be kept with your copy of the standard.
Questions regarding interpretation of requirements should be directed to the responsible UL Staff.

Please see Appendix E of this bulletin regarding designated responsibility for the subject product
categories.
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APPENDIX A

1. Preliminary Notes On The European Norm EN 60742

— In accordance with the Scope of EN 60742, only the following transformers will be eligible for
investigation:

A. Stationary or portable, single-phase or polyphase, air-cooled isolating and safety isolating

transformers, associated or otherwise, having a rated supply voltage not exceeding 1000 V
alternating current and rated frequency not exceeding 500 Hz. The rated output not to exceed:

i. Eor Isolating Transformers:
25 KVA for single-phase transformers
40 KVA for polyphase transformers
ii. For Safety Isolating Transformers:
10 KVA for single-phase transformers
16 KVA for polyphase transformers
B. The no-load and rated output voltages not to exceed:

i. For Isolating Transformers:

1000 V AC and 1000 v2 V unsmooth DC

ii. For Safety Isolating Transformers:

50 V AC rms, and/or 120 V ripple free DC between conductors or between any
conductor and ground

For further details, please refer to scope of EN 60742: 1996.

2. A Complete Assistance Program, Conducting The Tests In Accordance With EN 60742

— This service will consist of a complete review of the specifications, preparation of the test program, and
the actual tests.

The activities related to EN 60742 may also be coordinated with the investigation of the product in
accordance with UL and CSA (i.e., the C-UL and C-UR programs) Standards.

Depending upon the ratings of the transformer, tests may be conducted at UL or the manufacturer’s
facilities and witnessed and supervised by UL’s engineering staff. As an alternative, the tests may also be
conducted at an outside testing facility that is certified by UL and witnessed and supervised by UL’s
engineering staff.

In this case, the engineering and ICS staff will coordinate their efforts to provide assistance in preparation

of the appropriate documentation which may include the test results, the required technical file,
Declaration of Conformity, CB Test Report, CB Certificate, etc.

3. Partial Assistance Programs

— In addition to the services provided by UL’s ICS Department, at the request of the manufacturer, the
following services are also available:
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A. Preparation Of The Test Program — This is intended for manufacturers who may find it difficult
and time consuming to prepare their own test program in accordance with the European
Standard, EN 60742, however, prefer to conduct the tests at their own facilities independent of
UL. In this case, upon request, UL will provide engineering consultations and prepare a complete
test program for use by the manufacturer.

In the above case, the manufacturer will also have the option of requesting UL’s assistance for
preparation of a test report and other documents as indicated in 3 above. This assistance will be
restricted only to the documents that will not require UL’s direct participation in conducting the
tests as a National Certification Body (i.e., in this case, UL will not be able to issue CB Certificates
and the like).

B. Assistance With The Documentation Of Manufacturer Generated Test Data — This is intended
for manufacturers who may require assistance with preparation of their test reports and other
documents. These services are provided by UL’s ICS Department.

Manufacturers interested in any of the above services and those who are interested in obtaining additional
information on the above services may contact the following UL personnel at the UL office that normally
handles their product submittals.
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APPENDIX B
COMMONLY ASKED QUESTIONS REGARDING EUROPEAN COMPLIANCE AND THE CE MARKING
What is the CE Marking?
The CE Marking, standing for Conformité Européenne, is a European Mark of conformity indicating that a
product or system to which it is applied, complies with the applicable European laws (Directives)
regulating a necessary level of protection with respect to safety, health, environment, and consumer
protection.
Must products display the CE Marking?
European law, as set forth in the Directives, requires that a CE Marking be placed on products covered
by applicable directives. Products not bearing a CE Marking may be stopped and held by relevant
authorities.

Who is responsible for affixing the CE Marking?

The manufacturer, or his authorized representative established within the European Economic Area, is
responsible for placing the CE Marking on a product.

What does a manufacturer have to do to put a CE Marking on a product?

Manufacturers must ensure that a product complies with all applicable Directives prior to affixing the CE
Marking.

How does a manufacturer prove that a product complies with applicable Directives?

The Directives specify available options for proof of conformity. Options include self-declaration,
type-testing by a Notified Body, implementation of a full quality assurance system, etc. Methods available
in each Directive differ based on the perceived hazards for a type of product. Proof of conformity typically
consists of a manufacturer's Declaration of Conformity based on a technical file assembled by the
manufacturer coupled with a production control. The technical file contains product description, test
reports, schematics, etc.

How do harmonized standards relate to the CE Marking?

Directives refer to Harmonized Standards, known as European Norm (EN) Standards, as a means for
providing a presumption of conformity with essential requirements. EN standards are generally based on
IEC standards for electrical products. To be recognized as a harmonized standard, reference to such
standards must be published in the Official Journal of the European Communities.

Can European or other third-party certification marks be used instead of the CE
Marking?

Third-party marks may be used in addition to the CE Marking, but not to replace the CE Marking.
Where does the CE Marking appear?

The CE Marking may be placed directly on the product, product literature, packaging, etc. Manufacturer’s
should refer to specific directives for details.
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What Directives apply to the CE Marking and when do they become mandatory?

DIRECTIVE MANDATORY

Active Implantable Medical Devices 12/31/94
Construction Products 6/30/91
Electromagnetic Compatibility 1/1/96
Potentially Explosive Atmospheres 7/1/03
Gas Appliances 1/1/96
Hydraulically and Oil Operated Lifts 3/24/91
Lifts 6/30/99
Low Voltage 1/1/97
Machinery 1/1/95
Medical Devices 6/14/98
New Hot Water Boilers 12/31/97
Non-Automatic Weighing Instruments 1/1/03
Personal Protective Equipment 7/1/95
Recreational Craft 6/16/00
Simple Pressure Vessels 711/92
Telecommunication Terminal Equipment 11/6/92
Toys 12/31/92
Note: Additional amendments to these directives will have their own effective dates.

In what countries is the CE Marking accepted?

A CE Marking allows a product or system to legally be placed on the market of the following 18 countries:
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Liechtenstein,
Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden and the United Kingdom.

How can UL help you?

Technical Assistance to Exporters Program (TATE)

UL can assist manufacturers in identifying applicable European Directives and relevant standards for their
products, components, materials or systems in the European Union. A detailed report will be prepared for
the manufacturer identifying these items as well as including contact information where standards and
directives may be purchased.

CE Marking Assistance Program

This Program will consist of the information provided in the TATE Program and will additionally provide
knowledgeable explanations/interpretations for application of appropriate Directives and their critical
elements as they relate to manufacturers. A detailed report will be prepared for the manufacturer
identifying the above as well as available methods of conformity assessment and technical documentation
requirements.

Customized Compliance Consultation/Workshop for CE Marking Compliance

In addition to identifying the applicable requirements with respect to CE Marking under the CE Marking
Assistance and TATE Programs described above, UL can customize the applicable compliance
information around your product and provide a face-to-face presentation and/or workshop. As an example,
ICS staff can explain the European compliance system and how certain Directives apply to your specific
product with respect to the CE Marking, provide guidance on preparation of the necessary documentation
(e.g., Declaration of Conformity and Technical File), and help you understand your compliance options to
set your conformity assessment strategy.
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Customized Risk Assessment Workshop
The Machinery Directive requires manufacturers to perform risk assessments with respect to their
machines. This workshop can be brought to your facility to assist you in understanding the steps involved
in conducting a risk assessment such as: defining your machine and identifying its associated hazards;
estimating the risk, evaluating the risk, reducing the risk through use of applicable European standards,
and documenting the process.
EU Directive Self-Declaration Testing Assistance
For products covered under Directives which allow for manufacturer s self-declaration, UL can perform
tests to the appropriate European standards, provide test results, assist in the preparation of the required
technical file and assist in the preparation of the Declaration of Conformity.
Notified or Competent Body Assistance Through UL
In cases of products requiring European Notified Body or Competent Body involvement, UL can facilitate
testing and/or product certification and obtain appropriate documentation as required by the Directives,
through UL's Global Network of long-standing relationships with various European organizations, e.g.,
GASTEC, KEMA, SEMKO, TUV PS, VDE, etc.
International Compliance Bulletin Board
As your need for up-to-date information increases, we also recommend our newest service, an on-line
bulletin board which allows access to a wealth of information regarding product compliance around the
world. The International Compliance Bulletin Board (ICBB) will provide you with the following:

European Compliance / CE Information

Mexico Compliance Guide

Agency Directory

Worldwide Voltages / Frequencies / Plug Configurations

Compliance and Certification News

ICBB Mailbox
International assistance from UL’s International Compliance Services (ICS) Dept., coupled with the
One-Stop Shopping testing services available through UL's Engineering Services Dept., will position you
for achieving full compliance with the EEA’s New Approach legislation and affixing the CE Marking.
Getting Started...
Should you wish to obtain assistance in initiating a project for the CE Marking or Global Certifications,
please fax us your request. Please indicate the desired service you wish to use and we will then prepare
a detailed proposal outlining options for an investigation based on your request.
ICS Contact Information
Midwestern United States
International Compliance Services Department Underwriters Laboratories Inc.333 Pfingsten

RoadNorthbrooklIL60062
Phone: (847) 272-8800, Ext. 43370
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Fax: (847) 272-9562
Southern United States

International Compliance Services Department Underwriters Laboratories Inc.12 Laboratory
DriveResearch Triangle ParkNC27709

Phone: (919) 549-1683

Fax: (919) 547-6026

Eastern United States

International Compliance Services Department Underwriters Laboratories Inc.1285 Walt Whitman
RoadMelvilleNY11747

Phone: (516) 271-6200, Ext. 22271

Fax: (516) 271-8265

Western United States

International Compliance Services Department Underwriters Laboratories Inc.1655 Scott BoulevardSanta
ClaraCA95050

Phone: (408) 985-2400, Ext. 32671

Fax: (408) 556-6032

Northwestern United States

International Compliance Services Department Underwriters Laboratories Inc.2600 N.W. Lake
RoadCamasWA98607

Phone: (360) 817-5500, Ext. 55603

Fax: (360) 817-6023
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APPENDIX C
QUESTIONS AND ANSWERS ON THE IECEE CB SCHEME

What is the "CB Scheme"?
The CB Scheme is the scheme of the International Electrotechnical Committee for Conformity Testing for
Electrical Equipment (IECEE) for recognition of results to standards of electrical equipment prepared by
a Certified Body (CB).
Who is in charge of the CB Scheme?
The Scheme is administered by the Committee of Certification Bodies (CCB) reporting to a Management
Committee (MC) of the IECEE Systems. The MC, in turn, operates under the-authority of the Council of
the International Electrotechnical Commission (IEC). The IEC is an international standards writing body
for electrical standards. Several countries, including the U.S., participate in the writing of the IEC
standards.
What are the objectives of the CB Scheme?
There are three main objectives:

1. To establish reciprocal recognition of test results with little or no additional product testing.

2. To simplify certification at the national level by eliminating duplication of testing.

3. To facilitate international trade.

What is an "NCB"?

An NCB is a National Certification Body participating in the CB Scheme. The role of an NCB is to issue
and/or recognize CB Certificates and Test Reports. UL is an NCB.

In what categories does UL currently participate in the CB Scheme?
UL has been accredited for evaluations of products for six different product categories:
1. IEC 601 — Medical Equipment
2. IEC 1010 — Measurement, Test and Laboratory Equipment
3. IEC 950 — Information Technology Equipment
4. IEC 65 — Household Audio/Visual Equipment
5. IEC 730 — Automatic Electrical Controls
6. IEC 745 — Hand Held Electric Portable Tools
What is a "CB Certificate "?
A CB Certificate is a document issued by the NCB to inform other NCB’s that a sample of the product in
question was tested and found to be in compliance with the applicable standards. A CB Certificate is only

valid together with the CB Test Report. UL’s International Compliance Services (ICS) Department is
responsible for issuing the CB Certificate.
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What is a "CB Report "?

The CB Test Report is a standardized report consisting of a checklist referencing, clause by-clause, the
requirements of the standard in question. It gives test results as well as the construction comments of the
product.

What are "National Deviations "?

National Deviations to an IEC Standard are additional requirements issued by a participating country
which are necessary to apply if the product is to be considered in compliance with the specific safety
regulations of that country.

National Deviations are published in "CB Bulletins”. CB Bulletins are issued four times a year by the
IECEE. Each issue contains different information that pertains to the CB Scheme. Copies of the CB
Bulletins can be purchased from the American National Standards Institute, Inc. (ANSI) at phone number
(212) 642-4900.

Who submits the CB Test Report and CB Certificate to another NCB?

When a CB Test Report and CB Certificate are completed, they are given to the applicant. The applicant
must then submit the report to the other NCB. If an applicant does not wish to submit directly, UL offers
an Intermediate Applicant Service for clients who would like UL to submit the CB Test Reports to other
NCB'’s on their behalf.

What are the procedures for an applicant to submit the completed CB Certificate and Test
Report to another NCB?

Each NCB is required to issue rules that are published in the CB Bulletins. The rules explain the
procedures that must be followed when submitting the CB report to another NCB. The rules cover such
things as where to send the report, sample and application form requirements as well as other procedural
items. The rules vary for each NCB. It is UL’s practice to send the applicant a copy of the rules for
submitting to each of the NCB'’s that we have been informed the CB report will be submitted to.

Will test results issued by one NCB be accepted by another NCB?

That is precisely the principle of the CB Scheme. Once testing of a product is completed and the product
is found to be in compliance with IEC standards (and National Deviations if requested), the NCB in
question issues a CB Test Report and a CB Certificate. The manufacturer then presents these
documents, together with a sample of the product, to the NCB’s in other countries whose certification
marks are desired.

These other NCB'’s will verify that the product is the same as that which was tested. If the report is
thorough and complete, no additional testing should be required. The reviewing NCB can review the test
data and question the issuing NCB, if necessary. If any testing was not conducted, the receiving NCB can
perform these tests.

What are the benefits to a manufacturer submitting to UL for the CB Scheme?

Some advantages are:

1. Simultaneous, streamlined, cost-effective investigation to UL, IEC and foreign national
requirements.

2. A product can be tested by UL to include National Deviations for all target countries.
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3. When the applicant submits the CB Test Report and CB Certificate to another NCB for their
certification mark, the need for repeat testing should be eliminated which can save time and the
number of samples required, which saves money.

APPENDIX D
UL & DEMKO GLOBAL ACCESS — LOCALLY
DEMKO — UL’'s NEWEST SUBSIDIARY

UL clients worldwide now have direct access to product certification in Europe and North America with a
single set of test work, through UL's acquisition of DEMKO; the renowned testing/certification body of
DENMARK.

Established in 1928, DEMKO has been a state-owned enterprise since 1964. DEMKO’s main focus has
been evaluating and certifying electrical products for safety. For products complying with applicable
standards, DEMKO authorizes manufacturers use of the DEMKO Certification Mark, the D Mark,
recognized as Denmark’s national safety mark, and known and respected in Europe and around the world.
In addition, DEMKO is recognized by the European Commission as a Notified or Competent Body for the
major European Union Directives. This provides manufacturers with the third-party verification and support
they need to use the CE Marking on their products.

DEMKO PRODUCT CATEGORIES

Luminaires Cables, wires

Components Electronics

Electro-medical equipment Household/commercial appliances
Hazardous Location EMC

DEMKO CERTIFICATION PROGRAMS

D Mark CB Scheme

CCA Nordic Certification Scheme
EMEDCA (Medical Products) HAR (Cables and Cords)
ENEC (Luminaires) Ex Mark

DEMKO EMC Mark

DEMKO NOTIFIED OR COMPETENT BODY STATUS IN EUROPE
LVD Machinery
EMC Potentially Explosive Atmospheres
Medical Devices*

*DEMKO is one of the seven members that support DGM, the Danish Notified Body for MDD
All DEMKO and UL existing services may now be accessed, locally.
SEAMLESS PROJECT COORDINATION

Essentially, the process of gaining access to Europe and/or North America is quite seamless.
Manufacturers may now obtain true GLOBAL ACCESS, locally.

DEMKO Projects At UL

When submitting projects to UL for Global Certification, UL will assist in preparing one test program to
address all requirements, and develop a proposal with the manufacturer to address all relevant issues,
e.g. applicable standards, costs, European legal/market concerns. UL’s proposal will be designed to meet
all of the clients’ needs using the most cost and time effective means available.
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1-2-3 Submittal Process

1. Provide UL with information on the product to be evaluated. Include technical details
(diagrams, schematics, components list, etc.), and a description of how the product is to be used
and the type of end-use environment. If a series of products are to be included, describe the
differences between each on a technical level.

2. Indicate the markets you wish to access and the type of certification marks desired.

3. List any additional assistance needed as part of the submittal, e.g. CB Scheme, CCA Scheme,
Nordic Certification Scheme, CE Marking consultation assistance (including seminars, workshops,
customized reports), etc.

The "1-2-3 Submittal Process” works the same when submitting products to DEMKO for UL Certification.
Ideally, this process should be completed as early as possible so that all global safety concerns may be
addressed and handled right from the beginning.

Keep in mind, all of UL's and DEMKO'’s services may be accessed locally, eliminating the cumbersome
need to correspond with more than one certification organization - true Global One-Stop Shopping.

CONSIDERATIONS WHEN GOING GLOBAL
CE Marking and the D Mark — Legal/Market Issues

The D Mark is not a replacement for the CE Marking. Rather the D Mark is a value-added, voluntary
third-party certification marking. It is a matter of legal vs. market requirements. The CE Marking is a legal
requirement, and products must bear the CE Marking if mandated by European Directives. The D Mark,
and other European third-party certification marks, are voluntary.

The CE Marking is a formal declaration by the manufacturer that a product complies with all applicable
European Directives. The D Mark, and other European third-party certification marks, convey that a
product has undergone a rigorous evaluation, according to an agreed upon set of safety standards, by
experts in product safety. The D Mark adds recognizable value to the self-affixed CE Marking, by instilling
confidence in the user/customer/OEM that the product is safe for sale.

Global Technical Issues

From a technical standpoint, DEMKO Certification mandates the use of European Standards (EN’s) which
are based on IEC Standards. These are the same standards used as a basis for the CE Marking.

As such, unless the product has been evaluated according to an IEC-based standard, such as a UL
Standard which has already been harmonized with the corresponding IEC Standard, some additional
testing is quite likely. UL Standards currently harmonized with IEC/European requirements are:

UL 1950/IEC 950: Equipment Information Technology

UL 2601/IEC 601: Medical Electrical Equipment

UL 3101, UL 3111/IEC 1010: Laboratory and Measuring Equipment

UL 8730/IEC 730: Automatic Electrical Controls (Household)
UL 6500/IEC 65: Mains Operated Electronic Apparatus

UL 745/IEC 745: Portable Electric Tools

In other product categories, where the UL Standard has not yet been harmonized with the applicable
European/IEC Standard, manufacturers must consider the technical differences which exist between the
standards. In many instances, differences in construction requirements between UL and EN standard
make it difficult for a product to comply with both standards without significantly changing its construction.
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In addition, the electrical distribution systems (voltage and frequency variances), and plug/receptacle
configurations, in the U.S. and Europe are quite different, and must be taken into account. Components
used in end products are also subject to the IEC-based requirements of Europe. The most streamlined
way to accomplish this is to purchase components which have already been certified according to the
IEC-based European requirements. Ultimately, the manufacturer must account for the above
technical/legal/market issues when going global with a product.

GETTING STARTED

To take advantage of UL’s international programs, fax us your request. Please be sure to indicate the

service and/or certification desired, and we will respond with a comprehensive proposal for initiating an

investigation.

International Compliance Services (ICS) CONTACT INFORMATION

Midwestern United States

Underwriters Laboratories Inc.333 Pfingsten RoadNorthbrooklL60062
Phone: (847) 272-8800, Ext. 43770
Fax: (847) 272-9562

Eastern United States

Underwriters Laboratories Inc.1285 Walt Whitman RoadMelvilleNY11747
Phone: (516) 271-6200, Ext. 22271
Fax: (516) 271-8265

Southern United States

Underwriters Laboratories Inc.12 Laboratory DriveResearch Triangle ParkNC27709
Phone: (919) 549-1683
Fax: (919) 547-6026

Western United States

Underwriters Laboratories Inc.1655 Scott BoulevardSanta ClaraCA95050
Phone: (408) 985-2400, Ext. 32671
Fax: (408) 556-6032

Northwestern United States

Underwriters Laboratories Inc.2600 N.W. Lake RoadCamasWA98607

Phone: (360) 817-5500 Ext. 55603
Fax: (360) 817-6023
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APPENDIX E
DESIGNATED RESPONSIBILITY FOR UL PRODUCT CATEGORIES

XOKV, TRANSFORMERS — CLASS 2 AND CLASS 3
XOKV2, COMPONENTS — TRANSFORMERS — CLASS 2 AND CLASS 3
XPFS, TRANSFORMERS — DISTRIBUTION, DRY TYPE OVER 600V
XPFS2, COMPONENTS — TRANSFORMERS — DISTRIBUTION, DRY TYPE OVER 600V
XPTQ, TRANSFORMERS — GENERAL PURPOSE
XPTQ2, COMPONENTS — TRANSFORMERS — GENERAL PURPOSE
XONX, TRANSFORMERS — POWER AND GENERAL PURPOSE, DRY TYPE
XQNX2, COMPONENTS — TRANSFORMERS — POWER AND GENERAL PURPOSE, DRY TYPE

The individuals shown in the following tables are involved with the investigation of products covered
under the subject categories. The Primary Designated Engineer (shown in UPPERCASE letters)
coordinates the establishment and uniform interpretation of UL requirements applicable to the product
categories. The Designated Engineers (shown in lowercase letters) work with the Primary Designated
Engineer to interpret requirements and maintain standards.

Should you have questions regarding any adopted requirements that affect your product, you are
encouraged to contact the individual at the office to which you normally submit your products.

The Industry Advisory Conference (IAC) Chairman for the subject categories is Wayne Menuz at UL'’s
Santa Clara office. The IAC Chairman oversees the significant interpretations made by the Primary
Designated Engineer and arbitrates any differences regarding interpretation of UL requirements.

CCN Office/Subsidiary Responsible Engineer Extension
XPFS, XPFS2 Camas Dom Kumandan 55604
Melville MICHAEL SCHACKER 22450
Northbrook John Sadeghloo 42970
RTP Joyce Mudra 11613
Santa Clara Ron Breschini 32405

CCN Office/Subsidiary Responsible Engineer Extension
XQNX, XQNX2, XPTQ, Camas Dom Kumandan 55604
XPTQ2 Melville Paul Notarian 22590
Northbrook John Sadeghloo 42970
RTP John Thompson 11621
Santa Clara CLAUDE NELSON 32625

CNN Office/Subsidiary Responsible Engineer Extension
XOKV, XOKV2 Camas Dom Kumandan 55604
Melville Brian Lemm 22959
Northbrook Ghassan K. Masri 42270
RTP Deborah Jennings-Conner 11603
Santa Clara LES WONG 32920

For general information on UL’s Technical Assistance to The Exporters Programs, please contact UL's
office in your geographical area as follows.

UL'’s ICS Office Extensions
Camas 55603
Melville 22594

Northbrook 43054
RTP 11699
lable Contnued on Next Fage
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