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Preface

This is the harmonized CSA Group and UL standard for low voltage transformers. It is the first edition of
CSA C22.2 No. 66.3 and the first edition of UL 5085-3. This harmonized standard has been jointly revised
on November 30, 2012. For this purpose, CSA Group and UL are issuing revision pages dated November
30, 2012.

This harmonized standard was prepared by a Technical Harmonization Committee comprised of members
from CSA Group, Underwriters Laboratories Inc. (UL), and representatives of the low voltage transformer
manufacturing industry. The efforts and support of the members of the Technical Harmonization
Committee are gratefully acknowledged.

This Standard is considered suitable for use for conformity assessment within the stated”
Standard.

cope of the

This standdrd was reviewed by the CSA Subcommittee on C22.2 No. 66, undercthe’jurisdictiop of the CSA

Technical G
for Electricg

Where refe
considered

Note: Althoug
responsibility d

ommittee on Industrial Products and the CSA Strategic Steering.Committee on R
| Safety, and has been formally approved by the CSA Technical Committee.

rence is made to a specific number of samples to be tésted, the specified num
a minimum quantity.

h the intended primary application of this standard is stated\in its scope, it is important to note tha
f the users of the standard to judge its suitability for their particular purpose.
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Technical 1
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geographic
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The Techni
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his standard is published as an‘equivalent standard for CSA Group and UL.
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ational differences are allowed for codes and governmental regulations as w
as being in accordance with NAFTA Article 905, for example, because of fundame
bl, technological, (or) infrastructural factors, scientific justification, or the level of pr
considers approepriate. Presentation is word for word except for editorial changes.
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General requirements.

The THC determined that the safe use of transformers and reactors is critically dependent on the electrical
system in which they are intended to be installed. Significant investigation is required to assess safety and
system compatibility issues that may lead to harmonization of traditional North American transformers and
reactors with those presently addressed in the known IEC standards. The THC agreed such future
investigation might be facilitated by completion of harmonization of North American standards for
transformers and reactors.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
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of the standards development organization. If more than one literal interpretation has been identified, a
revision is to be proposed as soon as possible to each of the standards development organizations to
more accurately reflect the intent.

Parts

The Standard for Low Voltage Transformers is divided into the following parts:

Part Number Standard Title Standard Number
1 General Requirements CSA C22.2 No. 66.1/UL 5085-1
2 General Purpose Transformers CSA C22.2 No. 66.2/UJl 5085-2
3 Class 2 and Class 3 Transformers CSA C22.2 No,'66.3/Ull 5085-3

NOTES -

1. Part 1 covefs the general requirements for transformer characteristics, marking, construction, and tests. Additional|specific
requirements pre provided in the subsequent parts.

2. Part 2 and Part 3 supplement requirements and/or modify the corresponding clauses in Part ¥and should be appligd together
with Part 1. The numbered clauses in Part 2 and Part 3 correspond to the numbered clauses\in Part 1.
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PART 3: CLASS 2 AND CLASS 3 TRANSFORMERS

1 Scope

1.1 As noted in Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, or CSA C22.2
No. 66.1, Low Voltage Transformers — Part 1: General Requirements, the requirements in Part 3 cover
Class 2 transformers for use with Class 2 circuits in accordance with the National Electrical Code,
ANSI/NFPA 70, or the Canadian Electrical Code, Part I, CSA C22.1. They are intended for connection to
essentially sinusoidal supply sources.

formers for use
b standard. See

b: For transformers intended for use in the United States, these requirements also cover Class 3 trans
cuits in accordance with the National Electrical Code, ANSI/NFPA 70, unless otherwise specified'in thi
ass 3 requirements.

Advisory Not|
with Class 3 ¢
Annex D for C

1.3 In addjtion to the items specified in Clause 1.3 of Part 1, the requirements ofPart 3 do nof cover:

a) Ppwer supplies (a transformer provided with a rectifier is considered-a’power supply

b) Toy transformers;

c) Cprd and plug connected transformers other than Class 3;

d) Djrect plug-in transformers;

e) Transformers intended for use in audio, radio, or't€levision type appliances; or

f) ( devices or

appl

Dther special types of transformers covered in requirements for other electrica
ances.

Advisory Not
rating of more

1.7 This p

correspond

b: The requirements of Part 3 do not covér transformers intended for use in the United States having a
than 600 V and transformers having.overvoltage taps rated over 660 V.

art is intended to be used’in conjunction with Part 1. The numbering of the claus
5 to the numbered clauses in Part 1. The requirements in Part 1 apply unless mod

ominal primary

es in Part 3
ified by Part

3.

1.8 A Cla resistor or a

positive tem

5s 2 transformer that includes a separate current-limiting impedance such as a
perature coefficient device (PTC) is covered by these requirements.

1.9 A Clags 2transformer that includes a resonance regulating circuit is covered by these requirements.

4 Construction

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

Note 1: Two or more secondary windings may be considered as a single winding and interposing insulation between the secondary
windings is not required if the windings, when interconnected, are in compliance with the performance requirements for a single-
winding construction.

Note 2: An inherently limiting type transformer marked in accordance with Clause 17.4.2 may have two secondary windings that,
when interconnected, do not comply with the performance requirements for a single-secondary winding construction.

Note 3: A transformer intended only for use in other equipment may have multiple secondary windings only where isolation of all
circuits can be maintained, or where the interconnection of the secondary windings is such that they comply with the performance
requirements for an isolated single-secondary winding construction.
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4.3 There shall not be electrical connection between the primary and secondary windings of a

transformer,

or between a primary or secondary circuit and the enclosure.

4.4 A component used to limit the output of a transformer to a value within the required current, power, or
safety levels shall be permanent and stable in order to maintain its limiting capabilities. The following
factors are to be considered when evaluating a limiting component:

a) Effect of operating temperature;

b) Electrical stress level;

c) Effect of transient surges; and

d) Resistance to moisture.
6 Enclosure
6.1 General
6.1.16 A transformer shall be provided with an enclosure of sheet steel, sheet aluminum, cas
cast iron, orlequivalent metal, or a polymeric material. The enclosure shall contain all uninsulat
and primary|circuit wiring.

The secondary leads or terminals of a Class 2 transformer do.not have to be enclosed.

The enclosy
use only in
separated in

Note 1: For a 4
primary terming

Note 2: A transi

6.1.17 Theg
without expq
similar parts

The secondary leads or terminals of a Class 2 transformer do not have to be enclosed.

The enclosy

re of the end product may serve as the transformer enclosure for a transformer
other equipment. However, the primarytand secondary wiring of the transform
accordance with the requirements for-the end product.

ransformer mounted on an outlet box cover or intended for mounting in a knockout of an outlet box
Is or leads are considered enclosed by the outlet box or cabinet.

ormer may have exposed priniaryeads if intended for connection to open wiring or concealed knob-an|

sing internal parts-such as windings and protective devices to damage. All covers,
shall be securely fastened in place.

re_of'the end product may serve as the transformer enclosure for a transformer

t aluminum,
bd live parts

ntended for
er shall be

br cabinet, the

H-tube wiring.

transformer shall-be‘constructed so that it can be mounted and wired as intended in the field

bases, and

ntended for

use only in
separated in

other equipment. HOWEVET, the primary and secondary wiring of the transform
accordance with the requirements for the end product.

er shall be

Note 1: 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 enclosed by the outlet box or cabinet.

Note 2: A transformer may have exposed primary leads if intended for connection to open wiring or concealed knob-and-tube wiring.


https://ulnorm.com/api/?name=UL 5085-3 2022.pdf

JANUARY 28,

2022 CSA C22.2 No. 66.3-06 + UL 5085-3

8 Connections

8.2 Wiring terminals

8.2.3 Primary wiring terminals

8.2.3.1

terminal connectors shall comply with Clauses 8.3 and 8.4 of Part 1.

8.2.4 Secondary terminals

Unless otherwise specified, the requirements for wire binding screws and studs and pressure

8241 W
circuit conn

8242 A
with the req
153, Quick-

8243 Te
Primary wir

Note 1: Plated|

Note 2: A No.
of a Class 2 tra

ring terminals, quick-connect terminals, or insulated leads shall be provided fg
bction.

nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide quick-connect terminal
uirements for the Standard for Electrical Quick-Connect Terminals, UL-310, or CS
Connect Terminals.

rminal plates, wire binding screws, studs, and nuts shalkbe constructed as
ng terminals in Clause 8.2.3.

steel terminal plates are acceptable for use; cupped washers or-similar devices are not required.

H (2.8 mm diameter) wire-binding screw with not more than 40 threads per inch may be used for a sec
nsformer.

8.5 Leads

8.5.9.1 Pnimary leads

8.5.9.1.1 A primary field wiring lead.of.a transformer shall have stranded copper conductors
than 18 AWG (0.82 mm?). Leads of.component type transformers shall have an ampacity su
transformerrating but shall not be less than 22 AWG (0.35 mm?).

8.5.9.1.2 Insulation of a grimary lead shall be at least 0.76 mm (0.030 in) thick.

8.5.9.1.3 A primaryield wiring lead of a transformer shall extend not less than 152 mm (6 in
enclosure, and a lead of 18 or 16 AWG (0.82 or 1.3 mm?) wire shall extend not more than 30
outside the enclosure.

r secondary

shall comply
A C22.2 No.

specified for

bndary terminal

not smaller
table for the

outside the
b mm (12 in)

8.5.9.1.4 A transformer with open wiring or concealed knob-and-tube wiring shall be provided with the

following:
a)A

b) A

marking in accordance with Clause 17.4.10 or 17.4.11;

spacing of not less than 6.4 mm (0.25 in) between the conductors;

c) A spacing of not less than 12.7 mm (0.5 in) 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.

Note: In Canada, the Canadian Electrical Code, Part I, no longer permits concealed knob-and-tube wiring.


https://ulnorm.com/api/?name=UL 5085-3 2022.pdf

10 CSA C22.2 No. 66.3-06 + UL 5085-3 JANUARY 28, 2022

8.5.9.2 Secondary leads

8.5.9.2.1 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 similar means.

8.5.9.2.2 Other than as required in Clause 8.5.9.2.1, the insulation type and thickness shall not be
specified for leads and flexible cord on the load side of required energy-limited components. The leads
and flexible cord may be any length.

11 Spacings and Insulation

11.2 InsuILting material for mounting of low voltage live parts

11.2.3 With regard to the requirement in Clause 11.2.1 of Part 1, vulcanized fiber may Ipbe used for
mounting of the low voltage terminals of a Class 2 transformer, or for materia) used for |separators,
spacers, coil supports, and similar parts within a transformer enclosure.

11.3 Coil insulation

11.3.1 In addition to the requirements in Clause 11.3.1 of Part 1{a coil shall be provided with insulation
between the primary crossover lead and adjacent windings.

Note 1: Interpoking insulation between two or more secondary windings.is not required if the windings, when intercopnected, are in
compliance with the performance requirements for a single-winding construction.

Note 2: Insulatfon between the various windings, between the windings and the core, between the windings and the gnclosure, and
between the pijmary crossover lead and adjacent windings is’not required if the spacings specified in Spacings in Jlause 11.5 are
provided.

11.4 Insulgtion in lieu of spacings

11.4.1  When the primary is woundwith 30 AWG (0.05 mm?) or smaller wire, primary ojer primary
crossover insulation may be omitted in view of the inherent protection provided by fusing of the|wire.

11.5 Spacjngs

11.5.1 At grimary wiring terminals, the spacing through air or over surface between uninsulatId live parts
of opposite polarity»and between an uninsulated live part and a dead metal part that may be grounded,
shall not be |ess'than:

a) 12.7 mm (0.5 in) when the primary voltage rating is 300 V or less and

b) 25.4 mm (1 in) when the primary voltage rating exceeds 300 V.

11.5.2 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 6 of Part 1.

Note 1: Spacings at a point in the secondary circuit may be less than those specified in Table 6 of Part 1 when the transformer is
marked " Class 2" and the transformer complies with the requirements in Clauses 27 — 29, and Clause 32 — 34 with a short-circuit
introduced at the point of reduced spacing.

Note 2: 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 1.
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11.5.3 Film coated magnet wire is considered insulated with regard to adjacent turns of the same
winding, but is otherwise considered uninsulated.

Note: Triple-insulated magnet wire that complies with the requirements for wire insulation in the Standard for Single- and Multi-Layer
Insulated Winding Wire, UL 2353, or CAN/CSA-C22.2 No. 60950-1-03, Information Technology Equipment — Safety-Part 1: General
Requirements, or CAN/CSA-C22.2 No. 60065:03 , Audio, Video and Similar Electronic Apparatus — Safety Requirements, is

considered to be insulated.

11.6 Separation of internal wiring circuits

11.6.1

Except as noted in 11.6.1.1, 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 qr segregated from uninsulated live parts connected to different circuits.
11.6.1.1 Ip a compartment or enclosure where provision for Class 1 power, lighting,|non-ppwer limited
fire alarm, }r medium power network-powered broadband communication circuit conductors is available
for connecfjon to Class 2 or 3 circuits, Class 2 and 3 circuit conductors may’be separafed from the
conductors of other circuits by the following methods:
a) Alreliable barrier, clamping or routing means that maintains a minimum spacing of 6.4 mm (1/4
inch) 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
circyits may be installed using minimum CL3, CL3R, CIL3P; or cables determined equivplent. These
cables shall extend beyond the jacket and be separated by a minimum of 6.4 mm (1/4 inch) or by
an insulating sleeve or barrier from all other conductors.
11.6.2 Segregation of insulated conductors shall he*accomplished by clamping, or an equivplent means
that providgs permanent separation from insulated;or uninsulated live parts of a different circui
11.6.3 A barrier used to separate or segregate internal wiring, or used to separate or sggregate low
voltage fiel@§ wiring from line voltage parts, shall have mechanical strength. It shall be held in place to
provide perfnanent separation and shall-be rated for the temperature involved.
11.6.4 Anlinsulating barrier_shall have a minimum thickness of 0.71 mm (0.028 inch) and shall be of
material as described in Clause 11.2.2 of Part 1.
12 Switches, Protective Devices, and Wiring Devices
12.3 Protectivedevices

12.3.5 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 in Clause 30, and the Rated Output Heating Test in Clause 31.

12.3.6 A protective device shall be located inside the transformer enclosure. The device shall be
inaccessible to tampering. A transformer may be provided with a replaceable overcurrent protective
device. However, it shall not be interchangeable with a device having a higher current rating, and the
transformer shall be marked in accordance with Clause 17.4.6.

Note 1: The reset button or handle of a manually reset device need not be located inside the enclosure.

Note 2: For a transformer intended only for use in other equipment, as described in Clause 6.1.16 , the protective device may be
located inside the enclosure of the end product.
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12.3.7 When a Class 2 transformer does not comply with the current limitations of an inherently limited
power source in Table 4, 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 in Clause 29.

12.3.8 An overcurrent protective device provided to comply with Clause 12.3.7 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.

12.3.9 When a replaceable type of overcurrent protective device (such as a fuse) is provided to comply

with Clause [12-377, thedevite shattmot be mterchangeable withadevite aving a higher current rating.
12.3.10 An overcurrent protective device provided in the primary circuit of a Class 2 ‘transformer shall
limit the output current of a transformer in accordance with the Calibration Test of @Qvercurrert Protective
Devices in (Qlause 29.

12.3.11 Cgmponent type transformers when used with external overcurrent’protective deviges that are
not interchapgeable with a device of a higher current rating may be considered Class 2 wheh marked in
accordance with Clause 17.4.7.

12.3.12 An overcurrent device shall be rated in accordance<with Table 4 and shall comply with the
Calibration Test of Overcurrent-Protective Devices in Clause 29«

12.4 Separate current-limiting impedances

12.4.1 Separate current-limiting impedances sueh as resistors or positive temperature| coefficient
devices (PTLs) may be provided with a transforimer.

12.5 Overtemperature protective devices

12.5.1 Thgrmal protectors evaluated in accordance with the Standard for Thermal Cutoffg for Use in
Electrical Agpliances and Compeonents, UL 1020, or CSA C22.2 No. 209, Thermal Cut-Offs, pre suitable
as protective devices.

17 Markings

17.1 Gengefral

Advisory Note: In Canada, there are two official languages, English and French. Annex|C provides

French translations of the markings specified in this standard. Markings required by this standard may
have to be provided in other languages to conform with the language requirements of the country where
the product is to be used.

17.1.7 A Class 2 transformer shall be marked with the words " Class 2." Markings shall be located as
shown in Table 11 of Part 1 and Table 5.

17.3 Ratings

17.3.1 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 4.
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17.3.2 The secondary voltage rating of each secondary winding of a Class 2 transformer shall not be
more than 30 V rms.

17.3.3 When the open circuit secondary voltage of a winding of a Class 2 transformer exceeds 15 V rms
or 21.2 V peak, the transformer shall be marked in accordance with Clause D1.2.2.

Advisory Note: This requirement applies to Class 2 transformers using Class 3 wiring methods which are intended for use in the

United States.

17.4 Details

1741 A primary and
which are for secondary windings (for example primary = "line" and secondary = "load{)] Secondary
winding corjnections shall be identified from each other.

17.4.2 A {ransformer with multiple secondary windings as described in Clause/4.3 havin

exceeding {
Clause 28.]
"WARNING
secondary

0 Vrms or 42.4 V peak, or a transformer with an output current exeeeding the limi
.1 or Clause 28.3.1, shall be marked where readily visible after-installation, w
" and the following or the equivalent: "Risk of electric shock or fire, do not
vindings." The word "WARNING" shall be in letters not less'than 3.2 mm (0.125 i

remaining I¢tters shall be not less than 1.6 mm (0.063 in) high.

1743 Th

e marking specified in Clause 17.4.2 shall be located on the transformer or on a tg

g an output
specified in
th the word
nterconnect
n) high. The

g complying

with the requirements in Clauses 17.4.4 and 17.4.5.
17.4.4 The marking specified in Clause 17.4.2 may-be provided on a permanent tag seg¢ured to the
transformer} The tag shall be attached so it cannof\b& easily removed. The tag shall also be|marked "Do

not remove

17.4.5 Th
strength, sU

17.4.6  WH
comply with
the proper
device.

17.4.7 WH
that is not
Protector, M

this tag" or the equivalent, in letters.not less than 2.4 mm (0.094 in) high.

b tag mentioned in Clause 17.4i4”shall be made of durable material that provides

en a replaceable protective device is incorporated in a Class 2 transformer and re
any requirement centained in this standard, the transformer shall be legibly marke
replacement part\and procedure. The marking shall be visible when accessing th

en marked in accordance with Clause 12.3.11, a transformer with an external prote
nterchangeable with a device of a higher rating shall be marked, "Class 2 whe
fr \\\/, Cat. No. ___ " or similar wording.

mechanical

ch as cloth, plastic, or the equivalent, and shall be large enough to fit the required fnarking.

lied upon to
d to indicate
e protective

ctive device
h Used with

17.4.8 When 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 during the rated output heating test, the transformer shall be
marked with the following statement or the equivalent, at or near the point where field connections will be
made: "Use wire rated for at least __ °C." The marking shall be located so that it will be readily visible
during installation. The temperature value to be used in the preceding statement shall be in accordance
with Table 2.

17.4.9 A transformer rated less than 110 V and not intended for use on a 110 — 120 V circuit shall be
marked "For use only on ___volt circuits." The blank space shall be replaced with the intended voltage.

17.4.10 For transformers intended for use in the United States the following applies regarding Clause
8.5.9.1.4, a Class 2 transformer intended for installation with open wiring or concealed knob-and-tube
wiring in accordance with Articles 398 and 394 of the National Electrical Code, ANSI/NFPA 70, shall be
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marked where readily visible "Suitable for use in accordance with Articles 398 and 394 of the NEC," or
"Suitable for use with knob and tube or open wire."

17.4.11 For transformers intended for use in Canada the following applies: When necessary to meet the
requirements of Clause 8.5.9.1.4, transformers shall be marked "For use with open wiring."

Note: In Canada, the Canadian Electrical Code, Part I, no longer permits concealed knob-and-tube wiring.

17.4.12 A transformer that has two or more windings intended to be connected in a series or parallel
configuration and that has been subjected to the dielectric voltage withstand test specified in Clause

32.1.1 shall:

a) Be

b) Be
eithe|
ident]

Note: These re
that have been

18 Tests

18.5 With
intended for
and the test

18.6 For t
conducting {

marked to identify the windings that are intended to be series or parallel conngcte
marked with the following or similar wording: "Windings and mustbe ¢
fying marking.

huirements do not apply to transformers incorporating multifilar coil sections designed for series or parg
subjected to the Induced potential tests of Clause 32.2.

regard to Clause 18.2 of Part 1, when a transformer is rated less than 110 \j
use on a 110 — 120 V circuit, the transformer. shall be marked as indicated in Cls
voltage shall be the rated voltage.

e tests described in Clauses 27 — 37,the number of samples for each test and t
he tests shall be as specified in Table' 3. The same sample may be used for mo

test if it rem

ins undamaged from the previous test. If tests result in damage to the transforme

samples mgy be necessary to complete, the test series. Unless otherwise specified, all te

conducted

18.7 The
temperature]

Note: The Rat

the test voltage specified:in Table 12 of Part 1.

sts described in Clauses 28 — 31, 33, 35, and 36 shall be conducted in an
within the range ef.21 — 30°C (70 — 86°F).

bd Output Heating- Test in Clause 31, with or without standard fuses, but without other forms of

overtemperatulle protectorsymay be conducted in an ambient of 10 — 40°C (50 — 104°F).

18.8 All e
nondelay-ty,

posed-dead metal parts of the transformer shall be connected to ground thrg
pe fuse for the following tests (described in Clauses 28, 29, 33, 35, and 36, respect

H and

pnnected in

I a parallel or series configuration." The blanks shall be filled in with the series/parallel winding

llel connection

and is not
use 17.4.9,

he order for
re than one
r, additional
5ts shall be

ambient air

overcurrent or

ugh a 3 A
vely):

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 shall be connected to a circuit having a 20 A branch circuit protection. The transformer
shall be supported on a softwood surface covered by a double layer of tissue paper and shall be draped
with a double layer of cheesecloth conforming to the transformer outline. The cheesecloth shall be
untreated cotton cloth 914 mm (36 in) wide, running approximately 28 — 30 m?kg mass (14 — 15 yds/Ib
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mass). It shall have (as depicted in the trade) a "count of 32 by 28." This means that for any square
centimeter there are 13 threads in one direction and 11 threads in the other direction (for any square inch
there are 32 threads in one direction and 28 threads in the other direction).

18.9 During the test mentioned in Clause 18.8, 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;

c¢) 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 ajpotential ¢f more than
42 .4V peak to any other part or to ground; or

f) Fdilure to comply with the Dielectric Voltage-Withstand after Overload-Heating Test ir] Clause 34.

Note: The reqdirement specified in (a) does not apply to transformers with input voltages 260)V and greater.
27 Open Circuit Secondary Voltage Test

27.1 The ppen circuit voltage between any two of the secondary terminals of a Class 2 trangformer shall
not be morg than 30 V rms, or 42.4 V peak, with or without-any combination of interconnectefd secondary
terminals, when the primary is energized in accordance with Clauses 18.5 and 18.6.

Note: The open circuit voltage between secondary terminals of-a two-secondary winding transformer may exceed 42|4 V peak when
secondary terrhinals are interconnected, if the following conditions are met:

a) THe open circuit voltage between any two-terminals is not more than 42.4 V peak when no connecjions are made
betwgen secondary terminals and

b) The transformer is marked in accordance with Clause 17.4.2.

27.2 Voltage measurements-shall be made using a voltmeter having an internal impedance of not less
than 3,000 phms per volt.

28 Output Current‘and Power Test

28.1 Maximum current output of inherently limited transformers

28.1.1 The output current of a Class 2 transformer intended to be inherently power limited shall be tested
as described in the following paragraphs. Unless the transformer is marked in accordance with Clause
17.4.2, multiple secondary windings, if any, shall be interconnected to produce maximum current.

Note: Requirements for a Class 3 transformer intended for use in the United States are located in Annex D.

28.1.2 Under the conditions described in Tests in Clause 18, and Clause 28.1.1, a resistance load shall
be used to produce the largest initial value of current (including short circuit). The secondary shall be
loaded with this value of resistance, and the transformer energized while at room temperature. The results
comply when the current does not exceed the values specified in Table 4 for inherently limited power
sources, and there is no evidence of a risk of fire or electric shock as described in Clause 18.9. The
current shall be measured after the applicable time of operation:
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a) When a separate current-limiting impedance is provided (such as a resistor or a positive
temperature coefficient device (PTC), the current shall be measured after 5 seconds of operation.

b) When no separate current-limiting impedance is provided, the current shall be meas
minute of operation.

ured after 1

28.1.3 The impedance of the short-circuit measuring circuit in the secondary shall not be more than 0.03
ohm. When the secondary of a transformer is provided with leads, only 305 mm (1 ft) of each lead shall be

included in the short circuit.

28.1.4 When the current is interrupted by an internal or external protective device during this test, the

test shall be

+aal HEY Y % tH ol H bacrtad
TOCpPLAlCu Wit tic PJruttuiive Ut vILE olfTurtcu.

Note: When tedting a combination of a winding and a PTC type protective devices, the PTC is not to be shorted.

28.1.5 Thqg transformer is considered to comply with these requirements if the inijtial’short ci
is less than |8 A, or the maximum measured current at the time limit specified-in-Clause 28.1
less, and the measured secondary winding current value was not unstable’ due to trans

insulation dgmage.

interrupted Ry a coil burnout.

28.1.6
applicable time limit specified in Clause 28.1.2, . another sample of the transformer is to be loa
resistive logd adjusted to an initial load current equal to the midpoint between the max
obtainable gecondary winding short circuit.current value and 8 A. The load resistance value
subsequently adjusted during the test. ‘After operating for the applicable time limit, the tra
considered fo comply with these requirements if the measured output current does not exceeq
coil burnout jor at the time limit specified in Clause 28.1.2 and Table 4.

28.1.7 When the test described in Clause 28.1.6 is interrupted again by a coil burnout and th
current is above 8 A, another sample shall be tested as described in Clause 28.1.6. The initial
be adjusted|to a point midway between the initial current recorded during the test in Clause 2
A. During this test, values of current versus time shall be recorded. If the current is again interru
operation bgfore the-applicable time limit specified in Clause 28.1.2 has elapsed, the record
current verqustime shall be extended to the applicable time limit by a French curve, or

cuit current
.2 is 8 A or
former coil

er samples
e of 8 A for
with these
b current is

If the transformer secondary winding maintained the 8 A load current for longgr than the

Hed using a
mum initial
shall not be
nsformer is
8 A before

e measured
urrent shall
8.1.6 and 8
pted during
ed curve of
exponential

regression, |or_other mathematical curve-fitting procedure. The results comply with inherg

ntly limited

requirements if this extrapolation value of current, after the applicable time limit, does not exceed 8 A.

The test data collected for use to extrapolate the current value should not include any unstable data due to
coil insulation damage and the test data collected shall not be for less than 50 percent of the required test
time.

28.2 Maximum current of non-inherently limited transformers

28.2.1  When the transformer does not meet inherently limited requirements, and the obtained test data is
not sufficient to determine compliance with the requirements, the transformer shall be tested as described
in Clauses 28.1.1 — 28.1.7, except the 8 A limit and load value shall be replaced with 1000/V max A.
Protective devices shall be shorted during this test. The results comply when the maximum current does
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not exceed 1000/V max A for not inherently limited transformers. For the purpose of this test, the
transformers need not comply with Clause 18.9 as referenced in Clause 28.1.2.

As an alternative to the test method described in Clauses 28.1.5 — 28.1.7, the maximum current may be
determined when the secondary of the transformer is short-circuited using the extrapolation method in
Clause 28.1.7. The results comply when the maximum current does not exceed 1000/V max A as shown
in Table 4 for not inherently limited transformers.

The test data collected for use to extrapolate the current value should not include any unstable data due to
coil insulation damage and the test data collected shall not be for less than 50 percent of the required test

time.

28.3 Maxlmum power of non-inherently limited transformers

28.3.1 Th
devices shg
17.4.2, mul
For the pur
28.1.2. The
below. Diffe

a)T

b) U
Sec
calc

b maximum obtainable output power is not to exceed the value shownfin Table 4
Il be shorted out during this test. Unless the transformer is marked jn‘accordance
iple secondary windings, if any, shall be interconnected to produce-maximum o

maximum output power shall be determined by the followitg’ steps described
rent samples shall be used for each condition.

ne full load secondary voltage (Vg ) shall be measured-at rated secondary current (

sing the value of the open circuit voltage (Voc)determined as described in the
bndary Voltage Test in Clause 27, the internal resistance (R|) of the transforn
ilated using the formula:

Yoc= Vi

IFL

¢) The load resistance (R, ) required in (d), (f) and (g) shall be calculated using the form

in wi

%

Ry =R o=,

hich:

L. Protective
with Clause
Ltput power.

bose of this test, the transformer need not comply with Clause 18.9 as referencgd in Clause

in (a) - (9)

FL)-

Dpen Circuit
ner shall be

Lla:

% is the percent of open circuit secondary voltage (for example, for the value

60, % would

be equal to the value 0.5).

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

e) The maximum output power (VAo) shall be calculated using the formula:

VAp = Vo x 1,
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f) When the output power (VAg) calculated in (e) exceeds the value in Table 4, the result does not
comply. When the output power (VAp) calculated in (e) is not more than 80 percent of the value in
Table 4, the result complies. When the output power (VAg) calculated in (e) is within 20 percent of
the value in Table 4, additional secondary voltage (V) and current (Ig) measurements are to be
made and the maximum output power (VAg) 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 4.

g) When the maximum output power (VAg) calculated at either the 0.6 or 0.7 level in (f) is greater
than that calculated in (e), additional measurements shall be made. The resistance load (R) shall
be set to the value calculated with the percent of open circuit secondary voItage (%) in (f) which
iccessive 0.05

¢ calculated
t power (VAp) starts to decline. The results comply when the maximum egalculated output
r (VAp) does not exceed the appropriate value in Table 4.

29 Calibrgtion Test of Overcurrent Protective Devices

29.1 An oy
shall operat
delivering th
secondary c
is No emissi
fire or electr

ercurrent protective device, provided as a part of a not inherently Timiting Class 2 ftransformer
e to open the circuit in not more than the time indicated jn\Jable 6 when the trgnsformer is
e specified secondary current. The protective device may-be located in either the primary or
rcuit. Each test condition shall be started at room temperature. The results complylwhen there
bn of flame or molten metal from the transformer englosure and no other evidencg of a risk of
c shock as described in Clause 18.9.

Note: This test heed not be conducted if a suitably rated (see Table 4) and calibrated fuse is provided in the output circyit.

29.2 The nominal rating noted in Clause 12.3.42 for an overcurrent protective device uged can be
greater than|the value specified in Table 4. If so,the transformer shall be subjected to the test gescribed in
Clause 29.1

30 Rated $econdary Current Test

30.1 A trapsformer marked with. a secondary current rating shall be capable of delivering

load secondary current contintuously. When the transformer output rating is in volt-amperes g
rated outpu{ current shall beydetermined by dividing the rated output voltage into the rated
amperes or watts.

30.2 To dgtermine~whether a transformer complies with the requirement in Clause 30.1, a
shall be tegted\with a variable resistance and ammeter connected to the secondary and

ts rated full
r watts, the
output volt-

transformer
the primary

connected tp ‘a_circuit in accordance with Tests in Clause 18 of Part 1. When the transformer i

b rated for a

range of frequencies (such as 50 — 60 Hz), or has a dual frequency rating (such as 50/60 Hz), the test shall
be conducted with the supply circuit at the lowest frequency. The resistor shall be adjusted until the rated
full load secondary current is drawn. When the transformer has an overtemperature or overcurrent
protective device, the transformer shall be mounted so that the device is at the top. In all other cases, the
transformer shall be mounted so that primary terminals or line end of the leads are on top. After 15
minutes of operation, the load shall be readjusted, if necessary, to return the current to the full load value.
The circuit shall be 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 shall be performed in an ambient temperature of 25 +5°C (77
+9°F).

30.3 With regard to Clause 30.2, when a transformer has two secondary windings, both windings shall
be operated simultaneously with each secondary winding independently loaded.
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31 Rated Output Heating Test

31.1 The test described in the Rated Secondary Current Test in Clause 30, shall be continued without
further adjustment until temperatures become constant. Protective devices shall not be shorted out during
this test. The temperature rise on various materials and parts shall not exceed the limits specified in Table
7, and protective devices shall not operate during the test.

31.2 With regard to note ¢ of Table 7, 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 shall be the same size as used in the transformer. It shall 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 th

The changl in temperature through each material shall be measured at points along the s

axis, and th
equation:

31.3 Othe
made by t
thermocoug

e coefficient of thermal conductivity of the unknown material may be derived\from

T of known material coefficient of unknown material

T of unknown material - coefficient of known material

Ne resistance method, temperatures shall be meastred by means of therm
le-measured temperature is constant when three suceessive readings, taken at in

percent of

change. Thg junction of the thermocouple shall securely ‘contact the point of the surface to b
The thermogouple shall consist of wires not larger than.24 AWG (0.21 mm?).

314 Call

31.5 Whe
devices, it
constantan
equipment
wire shall g
thermocoug

31.6 The femperaturétrise of a copper or aluminum winding shall be calculated by the follo

(windings a

e previously elapsed duration of the test, but at\not less than 5-minute intervals

nd winding temperatures shall be detérmined by the resistance method.

N thermocouples are used to<determine temperatures involving the heating
is standard practice to usetthermocouples consisting of 30 AWG (0.05 mnj
wires and a potentiometerstype indicating instrument or digital thermocouple m
shall be used whenever referee temperature measurements are necessary. The th
onform to the requirements for special thermocouples listed in the table for limit
les in Temperatute Measurement Thermocouples, ISA MC96.1.

‘e to beattoom temperature at the start of the test):

bne full side.
bme vertical
he following

r than those cases where it is specifically stated that temperature determinatipns shall be

bcouples. A
tervals of 10

indicate no
P measured.

of electrical
2) iron and
pnitor. Such
ermocouple
s of error of

ving formula

At

in which:
Atis
t;is
tyis

Ris

R
7(k+ t)—(k+1t,)

the temperature rise;
the room temperature at the beginning of the test, in °C;
the room temperature at the end of the test, in °C;

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

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

k is 234.5 for copper and 225.0 for aluminum.
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31.7 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 or other appropriate curve-fitting algorithm such as exponential regression with a
computer or programmable calculator. Instrumentation by which R can be measured while the coil is

energized may be used.

32 Dielectric Voltage-Withstand Test

321

General

3211 Aty
potential wit
Clause 31. 1

a) 10
circu

b) 25

c) 1(
unleq

d) 1(

operating at more than 30 V (42.4 V peak) and accessible dead metal parts.

e) 50
meta

Note: Multifilar
in Clause 32.2

32.1.2 To determine if a transformer/complies with the requirements in Clause 32.1.1, it sha

by means of
sinusoidal a
level is reac
uniform rate

Note: A 500 VA
the applied out

ansformer shall be subjected for 1 minute to the application of a 60 Hz essentiall

00 V plus twice the primary test voltage as specified in Table 12 of Part™ between
t and accessible dead metal parts.

00 V between the primary and secondary circuits.

00 V plus two times the sum of the secondary voltages between the seconda
s considered a single winding as described in Note-f.of Clause 11.3.1.

00 V plus twice the maximum rated secondary circuit voltage between a secor

0 V between a secondary circuit operating at 30 V (42.4 V peak) or less and acce
| parts.

Constructed coil sections designed for series or parallel connections subjected to the induced potential
heed not be subjected to the applied\potential requirements in Clause 32.1.

a transformer with_a capacity of 500 VA or larger, having an output voltage that is
hd can be varied."The applied potential shall be increased from zero until the r
hed and shall ke jheld at that level for 1 minute. The applied potential shall be ing
as rapid as.is\consistent with its correct value indicated by the voltmeter.

or larger.capacity transformer is not required when the transformer is provided with a voltmeter to m
ut potential.

y sinusoidal

h the unit at the maximum operating temperature reached in the Rated Outpub Heating Test in
he results comply if there is no dielectric breakdown. The applied potential shall bg:

the primary

ry windings

dary circuit

ssible dead

ests described

Il be tested
essentially
bquired test
reased at a

basure directly

32.1.3 Die

ecClric breakaown, not leakage current, shall be the criterion that determines uompliance.

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.

32.1.4 Barrier material used in lieu of spacings, or to reinforce insulation, shall be placed between two
flat metal electrodes and the test voltage shall be increased to 5000 V and maintained for 1 second. There
shall be no dielectric breakdown.

32.2 Induced potential

32.2.1 With regard to Clauses 25.1 and 25.2 of Part 1, the transformer shall be tested in a heated
condition after the Rated Output Heating Test in Clause 31. However, the transformer may be conditioned
in an oven to obtain the temperature reached as a result of the heating test.
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32.2.2 A transformer with two or more windings (marked as described in Clause 17.4.12) for
autotransformer operation shall additionally be tested in this manner with the transformer connected for
such autotransformer operation. For a multi-winding transformer, the specified test voltage shall be applied

to each winding separately. There shall not be dielectric breakdown as a result of this test.

33 Overload Heating Test

33.1

33.1.1

General

The transformer shall be subjected to the overload tests described in Clauses 33.2.1 — 33.2.8, as

specified in Tests in Clause 18. A protective device that is relied upon to open the circuit as a result of the

tests shall d

33.1.2 Th
(77°F), but
of an auton
higher than

33.2 Proc

33.21 On
Clauses 33

e one that has been investigated for this purpose.

b temperature rises specified shall be based on an assumed ambient temperat
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ne temperature rise of the coil, determined by the resistance method described in (
31.7, does not exceed the temperature rise specified in Table 8 for the appropri
ation.

nere is no evidence of risk of-fire or electric shock as described in Clause 18.9.

berature rise specified in.(a). may exceed the value specified in Table 8 if the test is continued on three
bed in Clause 33.2.4.
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33.2.4

In accordance with the note of Clause 33.2.2(a), three samples of the transformer are to be tested

for 15 days under the condition specified in Table 9 that caused the temperature rise values in Clause
33.2.2(a) to be exceeded. At the end of 15 days, the transformer shall comply with Clause 33.2.2(b). If the
15-day test is interrupted and the transformer complies with Clause 33.2.2(b), the next condition is to be
used and the test is to be continued as described in Clause 33.2.3. If this 15-day test is interrupted, and
the transformer does not comply with Clause 33.2.2(b), the result does not comply.

33.2.5 For the purpose of these requirements, each secondary winding tap is considered the equivalent
of a secondary winding.
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33.2.6 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 9 with the other windings loaded to rated
current.

33.2.7 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.

33.2.8 For the loading conditions, a variable resistor is to be connected across the secondary winding.
The tests described in Conditions A — | of Table 9 are to be continued for 7 hours unless a winding of the
transformer or a protectlve deV|ce opens |n a shorter time. When conducting the tests described in
Conditions ¢—= ; as quickly
as possible and readjusted, if necessary, 1 mlnute after application of voltage to the primary,winding.

34 Dielecftric Voltage-Withstand After Overload Heating Test
341 InCa
shall be sub
without bre

ada, not more than 10 seconds after completion of the overload(héating test, a ftransformer
ected to the Dielectric Voltage-Withstand Test in Clause 32. The'fransformer sha|l withstand,
kdown, the application of the specified voltage for 1 minute.

In the United States, one minute after completion of the overload heating test, a transforrler shall be
subjected tg the Dielectric Voltage-Withstand Test in Clause 32{The transformer shall withstgnd, without
breakdown, fthe application of the specified voltage for 1 minuté:

Note: The voltgge between primary and secondary need not exceed 1000 V plus twice the primary test voltages covered in Clause
18.6 and Table|12 of Part 1.

35 Overload Test of Overcurrent or Overtemperature Protective Devices

35.1 A profective device (other than a fusé,.thermal cutoff, or an automatically resettable device covered
nce Test of Automatically, Reset Overtemperature Protective Devices in Clause 36) provided
as part of g transformer shall be capable of making and breaking the circuit for a total of 80 cycles of

nge of frequencies-(such as 50 — 60 Hz) or has a dual frequency rating (such ag 50/60 Hz),
the test shall be conducted at.the lowest frequency. The results comply when there is no emissjon of flame
terial from the-transformer enclosure, or other evidence of a risk of fire or electric shock, as
described in[Clause 18.9;:and the overcurrent protective device is operable at the end of the test.

36 Endurgnce Test of Automatically Reset Overtemperature Protective Devices

36.1 A trarsfermerprovided—with—an—autematicalyreset-overtemperature—protective—dewice shall be
subjected to an endurance test. The secondary shall be loaded as described in the Output Current and
Power Test in Clause 28, to produce the maximum possible current through the automatic reset device.
The transformer shall be connected to a source of supply as described in Tests in Clause 18. When the
transformer is rated for a range of frequencies (such as 50 — 60 Hz) or has a dual frequency rating (such
as a 50/60 Hz) the test shall be conducted at the lowest frequency. The transformer shall 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 Clause 18.9; and

¢) The protective device remains operable.
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When the current results in interruption of an overcurrent protective device, a new transformer shall 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 shall be tested. The load current shall 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 in 15
days.

Note: The test does not have to be conducted when the protective device has been previously tested at 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 in Clause 28.

37 Strain Relief Test

37.1 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 13.4 N (3 Ibs) nor more than 45 N (10 Ibs). The
force shall pe applied to the lead for 1 minute in any direction enabled by the construction| The results
comply whgn there is no indication of stress on the internal connections of the transformer.

TABLES

Table 1
Spacingg between uninsulated primary and secondary windings of bobbin-wound transformers

(See Clause 11.5.2)

Potential involved, Vrms Minimum through air and over surface spacings,

mm (in)

150 or less 1.6 0.06

Dver 150 — 600 4.8 0.19

For transf¢rmers intended for use in
Canada:
Dver 150 — 750 4.8 0.19
Table 2

Wiring compartment marking

(See Clause 17.4.8 and Table 7)

Temperature rise attained during test Value to be used in marking irldicated in
More than BUthot more than Cl1 17438
°C °C °C
35 50 75
50 65 90
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Table 3
Sequence of tests and number of samples

(See Clause 18.6)

Clause Test Number of samples

27 Open Circuit Secondary Voltage Test 3?

28 Output Current and Power Test 3?

29 Calibration Test of Overcurrent Protective 32
Devices

30 Rated Secondary Current Test 32

31 Rated Output Heating Test 12

32 Dielectric Voltage-Withstand Test 1 or more?

33 Overload Heating Test Aor more®

34 Dielectric Voltage-Withstand After 1 or more®
Overload Heating Test

35 Overload Test of Overcurrent or 32
Overtemperature Protective Devices

36 Endurance Test of Automatically Reset 32
Overtemperature Protective Devices

37 Strain Relief Test (leads for field wirifig) 1P

@ The same samples shall be used for these tests in the order indicated; however, if a nonreplaceable protective devide opens, or
a coil burnoutjoccurs as specified in Clauses 28, 29, and 33, additional samples shall be used for the remaining tests|These
additional sanpples need not be subjected to the preceding tests.

® A new sample may be used and the test may be conducted in differént order.

Table 4
Current-and power limitations

(See Clauses 12.3.7, 12.3.12, 17.3.1, 28.1.2, 28.1.6, 28.2.1, 28.3.1, 29.1 and 29.2)

Circuit Inherently limited transformer Not inherently limited transformer (overcurrenit protection
(overcurrent-protection not required) required)

Circuit Voltage (V) 0-20% Over 20 but no 0-15° Over 15 but no Ovdr 20 but no
more than 30° more than 202 mofe than 30°

Power Limitatjon - - 350 250 250

(VA)°

Current Limitgtion 8 8 1000/V 1000/V 1000/V

(AY

Maximum — — 5 5 100/V

Overcurrent

Protection (A)

Transformer

Maximum

Nameplate Rating:

Power (VA) 5xV 100 5xV 5xV 100

Current (A) 5 100/V 5 5 100/V

NOTES -

1 In all cases the applied primary voltage and frequency shall be as indicated in Clause 18.5 and Table 12 of Part 1.

2V is the maximum output voltage, regardless of load, with rated input applied.

Table 4 Continued on Next Page
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Table 4 Co

ntinued

Circuit

Inherently limited transformer
(overcurrent protection not required)

Not inherently limited transformer (overcurrent protection
required)

protective device.

used) not bypassed.

3 When overcurrent protection is provided, the current limitation applies to the output of the transformer, not the value of the

@ Voltage ranges shows are for sinusoidal AC in indoor locations or where wet contact is not likely to occur. For nonsinusoidal AC,
V shall not be greater than 42.4 V peak. Where wet contact (immersion not included) is likely to occur, Class 3 wiring methods
shall be used (applicable to transformers intended for use in the United States only) or V shall not be greater than 15V for
sinusoidal AC, and 21.2 V peak for nonsinusoidal AC.

® Maximum volt-ampere output regardless of load, and overcurrent protection (if used) bypassed. Current-limiting impedances (if

¢ Maximum olitput after T minute of operation under any non-capacitive Toad, including short circuit, and with overcurfent
protection (if provided) bypassed. For a current-limiting impedance, maximum output after 5 seconds of operation under any non-
capacitive logd, including short-circuit, and with overcurrent protection (if provided) bypassed. Current-limiting impedgnces (if
used) not bypassed.
Table 5
Location of required markings for low voltage transformers
(See Clause 17.1.7)
Marking rdference Requirements Location?®
Enclosed Opgn
General
1747 Class 2 marking A B
17.3|1 Electrical rating A B
17.313 Open circuit voltage greater than(?$'V A B
rms
17.416 Replaceable protective device marking B B
17.47 External protective devicé that is not B .
interchangeable marking
Wiring terminal markings
17 4l Identification-of primary and secondary B B
— 1 terminals
17.4)2° Multiple’secondary windings exceeding B B
30V
17.418 Field installed lead with temperature rise B B
more than 35°C
17.419 Transformer for use on circuits rated B B
less than 110 V
17.4.10 Transformers in accordance with Articles B B
398 and 394 of the NEC
17.4.11 Transformers for use with open wiring B B
intended for use in Canada.

allow for markings.

@ Required markings may be placed with an instruction manual or stuffer sheet when the transformer is such that space does not

Table 5 Continued on Next Page
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Table 5 Continued

Marking reference Requirements

Location?®

Enclosed

Open

® This marking may also be on a permanent tag secured to the transformer. If a tag is used
17.4.5.

For marking locations identified below, "A" is the highest order of location, and "D" is the lowest order of location. At the option of

the manufacturer, a higher order of location category can be used.

A. Marking shall be visible after installation when the enclosure cover is on and the door is closed.

B. Marking shall be visible before installation:

it shall comply with Clauses 17.4.4 and

1. When the enclosure cover is removed or the door is open;
2. When other devices are mounted nearby as intended; and

3. When devices are installed side-by-side with intended clearances.

C. Mprking can be located anywhere on the device and is not required to be visible afterfinstallation.

D. Mprking is on a wiring diagram or instructional manual shipped with the device.

Table 6
Maximum time to opeh

(See Clause 29.1)

Open circuft secondary potential, V Secondarytest current, A Maximum time for overcurrent
protective device to opeh, minutes
20 or less 10 22
20 or less 6.75 60°
Over 20 to 30 200/Vmax 2@
Over 20 to 30 135/Vmax 60°

@ The load shgll be adjusted continuously to maintain the test current value shown.

b After 15 minfites of operation, the ‘current shall be readjusted to return the power to the value shown.
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Table 7

Maximum temperature rises

(See Clauses 11.3.5 (Part 1), 31.1 and 31.2)

Material °C
1. Rubber or thermoplastic insulated conductors® 35
2. Primary circuit field wiring® 35
Fuses other than Class CC, G, J, or T, and fuses other than those 65
with glass or ceramic bodies
4. Class CC, G, J, or T fuses and those fuses with glass or ceramic 85
bodief
5. Fibre psed as electric insulation 65
6. Varnigh-cloth insulation 60
7. Phenglic composition? 125
8. Wood or similar material 65
9. Class|105(A) transformer insulation system:
Registance method 75
Thgrmocouple method 65
10. Class|120(E) transformer insulation system:
Registance method 85
Thgrmocouple method 75
11. Class|130(B) transformer insulation system:
Registance method 95
Thgrmocouple method 85
12. Class|155(F) transformer insulation system:
Registance method 115
Thgrmocouple method 110
13. Class|180(H) transformer insulation systemi:
Registance method 135
Thgrmocouple method 125
14. Class|200(N) transformer.insulation system:
Registance method 150
Thgrmocouple method 140
15. Class|220(R) transformer insulation system:
Resisfance method 165
Thgrmecouple method 155
16. Surface temperature, permanently connected transformer 60
17. Polymeric material® 40°C less than its temperature rating

2 The limitation on phenolic composition and 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.

® The maximum temperature rise at primary circuit field wiring may be 65°C if the transformer is marked in accordance with Clause
17.4.6 and Table 2.
¢ A material having a coefficient of thermal conductivity greater than 4.18 W/M<K (2.419 Btu«ft/hourfts°F) is considered to be
metal.

d Material relied upon for enclosure, barriers, or direct support of live parts other than coils. Polymeric material used in a Class
105(A) coil insulation system shall have an electrical relative thermal index not less than 105°C (221°F).
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Table 8
Maximum coil temperature rise for insulation systems

(See Clause 33.2.2)

Insulation system class Temperature rise,

°C
105(A) 105
120(E) 120
130(B)? 135
1RR(E>3 160
180(H)? 185
200(N)? 205
220(R)? 225

@ Insulation sHall comply with the requirements in Clause 11.3.5 of Part 1.

Table 9
Test loading conditions®

(See Clauses 33.2.1, 33.2.3, 33.2.4, 33.2.6, 33¢2.8,*and Figure 1)

Condition Secondary winding load
A Load used for final sample in tests described in Jlauses 28.1
and 28.2
B Rectifier to cause half wave rectified short gircuit

(Fof conditions C — I) rated current plus indicated\percent of difference between condition A and rated currgnt:
75
50
25
20
15
10
| 5

2 If the maximpim available.secondary winding current of a transformer is considered to comply with the maximum allqwable
current limitatfon and it js.impractical to obtain the one minute current value for this test, the maximum measured secqndary
current value ft the time.of coil burnout, or 8 A, may be used to determine the overload test conditions.

T G Mmoo
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