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Foreword (This Foreword is not a part of American National Standard Conformance Requirements for Liquid-Filled
Transformers Used in Unit Installations, Including Unit Substations, ANSI C57.12.13-1982.)

] . The High Voltage Apparatus Coordinating Committee (HVACC) was established July 24, 1973,
by the Electrical and Electronic Technical Advisory Board (later superseded by the Electrical
and Electronics Standards Management Board) of the American National Standards Institute,
The responsibility assigned to HVACC was to review and evaluate existing ANSI and other re-
lated standards for the purpose of developing a draft standard for unit substations and to de-
velop recommendations for (1) correlating requirements of these standards and (2) adding re-
quirements appropriate for product evaluation.

] This standard results from the evaluation of existing American National Standards and the need
to add requirements for the evaluation and conformance certification of liquid-filled transform-
ers. It is nof intended to cover application, installation, or operation of liquid-filled transform-
ers. This document includes an Appendix outlining procedures recommended for qualifying the
internal insulation system.

The intent of this standard is to allow qualification of liquid-filled transformers for use in ac-
cordance with the American National Standard National Electrical Code, ANSI/NFPA 70-1981.
However, this standard does not cover transformers specifically excluded by the provisions of
Section 90-2(b) of that document.

Transformers certified under this standard may contain accessories necessary for the installation.
For the conformance requirements for such accessories, reference should be made to the Amer-
ican National Standard for each specific accessory involved. Typical accessories include fuses,
lightning arresters, circuit breakers, motor starter controls, etc.

Suggestions for improvement of this standard will be welcome. They should be sent to the
American National Standards Institute, 1430 Broadway, New York, N.Y. 10018.

. This standard was processed and approved for submittal to ANSI by American Natjonal Stan-
dards Committee on Transformers, Regulators, and Reactors, C57. Commitiee approval does
not necessarily imply that all committee members voted for its approval. At the time it ap-
proved this standard, the C57 Committee had the following members:

L. W. Long, Chairman
C. Willmore, Secretary

Organization Represented Name of Representative
\ Bonneville Power Administration., . . . . . . ... ... e G. W. Iiiff
Electric Light and Power Group. . . . .« v v v v v 4t v v v s v i s o m o s et e n e R.R. Bast
R. L. Ensign
1, H. Koponen
B. F. Smith

J. P. Markey (Alt)
E. A. Villasuso, Jr
Institute of Electrical and Electronics Engineers . . . . .. ... ... ......... S. Bennon
J. C. Dutton
. C. Johnson
W. Long
E. Massey
L. Simpson
C.
R.

-

Aicher
Courtade

National Electrical Manufacturers Association . .. ...................

.

=

G ey
-

. Dix.

. D. Douglass

. C. Kendall

. R. Linsley (Alt)
J.

Rz

. J. McNutt
M. Neagle (Alt)
L. Schwab
E, Uptegraff, Jr
J. Stahara (Alt)
. P. Stickley
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Rural Electrification Administration . . . . . .. .. ..... ... .. ... .. ...,
Tennessee Valley Authority . . o . o v v v v v v v vt vt v ettt e n s i a v e s a s
Underwriters Laboratories. . . . v v v v v v viu v et ot n et e e e e e

U.S.Bureau of Reclamation. . . . . . . v . o v v v ittt it et i e e
US.Department of ENergy . . . v . v v oo v v i it e it i i e e i
Western Area Power Administration . . . . . . . .. v v v i o e

J.C. Amold, Jr

L. R. Smith

E. J. Huber

R. W, Seelbach (Alt)
S. J. Baxter

M. Smith

J. W. Teener
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American National Standard

Liquid-Filled Transformers
Used in Unit Installations,
Including Unit Substations

1. General

1.1 Scope. This standard covers conformance tests
and requirements for liquid-filled transformers. Such
transformers may be remotely or integrally associated
with either primary and secondary switchgear or sub-
stations, or both, and rated not greater than 2500 kVA,
with voltages not exceeding 38 kV (35kV voltage
class). Insulating liquids are limited to those specified
in ANSI/IEEE C57.12.00-1980 unless otherwise noted
herein.

This standard does not cover the following types of
liquid-filled transformers:

(1) Overhead-type distribution transformers, includ-
ing those mounted in surface enclosures

(2) Pad-mounted compartmental-type transformers
as described and defined in the following standards:

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Single-
Phase Distribution Transformers with High-Voltage
Bushings (High-Voltage, 34 500 GrdY/19 920 Voits
and Below; Low-Voltage, 240/120; 167 kVA and
Smaller), ANSI C57.12.21-1980

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Three-
Phase Distribution Transformers with High-Voltage
Bushings (34 500 GrdY/19 920 Volts and Below;
2500 kVA and Smaller), ANSI C57.12.22-1980

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Single-
Phase Distribution Transformers with Separable In-
sulated High-Voltage Connectors, High-Voltage

34 500 GrdY/19 920 Volts and Below; Low-Voltage,
240/120; 167 kVA and Smaller, ANSI C57.12.25-1981

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Three-
Phase Distribution Transformers for Use with Separable
Insulated High-Voltage Connectors, High-Voltage,

24 940 GrdY/14 400 Volts and Below; 2500 kVA and
Smaller, ANSI C57.12.26-1975

~—
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(3) Subsurface or submersible-type transformers as
described and defined in the following standards:

American National Standard Requirements for Undet-
ground-Type Single-Phase Distribution Transformers,
with Separable Insulated High-Voltage Connectors,
High Voltage 24 940 GrdY/14 400 Volts and Below,
Low Voltage 240/120, 100 kVA and Smaller, ANSI
C57.12.23-1978

American National Standard Requirements for Under-
ground-Type Three-Phase Distribution Transformers,
2500 kVA and Smaller; High Voltage 24 940 GrdY/
14 400 Volis and Below; Low Voltage 480 Volts and
Below, ANSI C57.12.24-1982

American National Standard Requirements for Sec-
ondary Network Transformers, Subway and Vault
Types (Liquid Immersed), ANSI C57.12.40-1982

(4) Rectifier transformers

(5) Mobile transformers

(6) All transformers for use in ships and other
watercraft, railway rolling stock, aircraft, and automo-
tive vehicles other than mobile home and recreational
vehicles

(7) Transformers used in mines

(8) Transformers installed in railways for the genera-
tion, transformation, transmission, or distribution of
power and used exclusively for operation of rolling
stock, or transformers installed in railways and used
exclusively for signaling, or communication purposes

(9) Instrument fransformers

(10) Step-voltage regulators and induction voltage
regulators

(11) Arc furnace transformers

(12) Transformers installed with communication
equipment under the exclusive control of communica-
tion utilities, located outdoors or in building spaces
used exclusively for such installations

(13) Transformers that are used under the exclusive
control of electric utilities for the purpose of com-
munication or metering, or for the generation, control,
transformation, transmission, and distribution of elec-

e
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tric energy and that are located in buildings used exclu-
sively for such purposes or located outdoors on property
owned or leased by the utility, or on public highways,
streets, roads, etc, or by established rights on private
property

1.2 Reference Standards. Transformers covered by this
standard shall conform to relevant sections of the latest
revision of applicable industry standards, except as
otherwise indicated in this standard. Included among
these standards are the following:

American National Standard Requirements for Trans-
formers 230 000 Volts and Below, 833/958 through
8333/10 417 kVA, Single Phase and 750/862 through
60 000/80 000/100 000 kV A Three Phase (includes
supplement ANSI C57.12.10a-1978), ANSI C57.12.10-
1977

American National Standard Terminal Markings and
Connections for Distribution and Power Transformers,
ANSI C57.12.70-1978

American National Standard Transformer Terminol-
ogy, ANSI C57.12.80-1978

American National Standard General Requirements for
Liquid-Immersed Distribution, Power, and Regulating
Transformers, ANSI/IEEE C57.12.00-1980

American National Standard Test Code for Liquid-
Immersed Distribution, Power, and Regulating Trans-
formers and Guide for Short-Circuit Testing of Distri-
bution and Power Transformers, ANSI/IEEE C57.12.90-
1980

American National Standard National Electrical Code,
ANSI/NFPA 70-1981

American National Standard Safety Standard for High
Voltage Industrial Control Equipment, ANSI/UL 347-
1978

NEMA Standards Publication for Transformers, Regula-
tors, and Reactors, NEMA TR 1-1980*

1.3 Definitions

1.3.1 Routine Tests. Tests made for quality control
by the manufacturer on every device or representative
samples, or on parts or materials as required to verify
during production that the product meets the design
specifications and applicable standards.

NOTES:

(1) Certain quality assurance tests on identified critical parts
of repetitive high-production devices may be tested on a planned
statistical sampling basis.

(2) “Routine tests” are sometimes called “production tests.”

1 Available from the National Electrical Manufacturers Associa-
tion, 2101 L Street NW, Washington, D.C. 20037.

1.3.2 Design Tests. Tests made by the manufacturer
to determine the adequacy of the design of a particular
type, style, or model of equipment or its component
parts to meet its assigned ratings and to operate satis-
factorily under normal service conditions or under
special conditions if specified. These tests may be used
to demonstrate compliance with applicable standards
of the industry.

NOTES:

(1) Design tests are made on representative apparatus or
prototypes to verify the validity of design analysis and calcula-
tion methods and to substantiate the ratings assigned to all
other apparatus of basically the same design. These tests may
also be used to evaluate modifications of a previous design and
to ensure that performance has not been adversely affected.
Test data from previous similar designs may be used for current
designs, where appropriate. Once made, the tests need not be
repeated unless the design is changed so as to modify perfor-
mance.

(2) “Design tests” are sometimes called “type tests.”

1.3.3 Other Tests. Tests so identified in individual
product standards that may be specified by the user in
addition to routine tests. (Examples include impulse,
insulation power factor, and audible sound tests.)

1.3.4 Conformance Tests. Certain performance tests
conducted to demonstrate compliance with the applic-
able standards. The test specimen is normally subjected
to all planned routine tests prior to initiation of the
conformance test program.

NOTE: The conformance tests may, or may not, be similar to
certain design tests. Demonstration of margin (capabilities)
beyond the standard requirements is unnecessary.

2. Insulation System Requirements

2.1 Internal Insulation System. The transformer shall
utilize a qualified internal insulation system, as described
in the Appendix to this standard.

2.2 External Electrical Clearances. External electrical
clearances for high-voltage bushings and low-voltage
terminals with exposed conducting parts shall be as
shown in Table 1. The clearances shown apply to a
completely assembled unit including enclosure, if any,
and are minimum values for the rating given.

3. Optional Accessory Devices

3.1 General. Accessory devices are those devices that
are not basically required for proper operation of a
transformer but perform a secondary or minor func-
tion as an adjunct or refinement to the primary func-

COPYRI GHT 2000 Anerican National Standards Institute
I nformati on Handl i ng Services, 2000




ANSI C57.12.13 462 EE 0724150 0004734 T -7

AMERICAN NATIONAL STANDARD C57.12.13-1982

Table 1
Minimum External Electrical Clearances
B C D E
A Transformer Transformer Minimum Minimum
Nominal Basic Impulse Low Frequency Clearance Live Part
System Insulation Insulation Live Parts fo Clearance
Voltage Level, Level, Ground, Inches Phase to Phase, Inches
(kV rms) kV) (kV ms) (millimeters) (millimeters)
1.2 30 10 1 (29) 1 (25
1.2 45 10 2 G 2 (5D
2.5 45 15 2 (51 2 (51
2.5 60 15 3 (76) 3 (76)
5.0 60 19 2.5 (63.5) 2.5 (63.5)
5.0 75 19 3.5 (89) 4 (102)
- 8.7 75 26 3.5 (89) 4 (102)
8.7 95 26 4.5 (114) 5 Q127
15 95 34 5 127 5.5 (140)
15 110 34 6 (152) 6.5 (165)
25 125 40 5.75 (146) 6.25 (159)
25 150 50 8 (203) 9 (229
34.5 150 50 8  (203) 9 (229)
34,5 200 70 12 (305) 13 (330)
NOTES:

(1) Where clearances are less than those given in columns D and E, an insulating barrier shall be
provided, but in no case shall the dimension between live parts and the barrier be less than 3 inches
(76 mm). Where such barriers are used, the conformance impulse test shall be performed either with
all normal ground planes in place or by simulating those ground planes nearest the live parts.

(2) These clearances are for application at 3300 ft (1000 m) above sea level or less. Where applica-
tion is above 3300 ft, refer to ANSI/IEEE C57.12.00-1980.

(3) Where mechanical clearances listed in referenced standards exceed those given in columns D
and E, those listed in the referenced standards shall apply.

tion of the transformer. Although the intent of this
standard is to define basic fransformer requirements
only, certain accessory devices are commonly integral
components of the transformer.

3.2 Device Type. Typical accessory devices are con-
sidered to fall into the following two categories:

(1) Non-current-interrupting devices. Examples in-
clude, but are not limited to, the following: pressure-
relief devices; vacuum pressure gages; forced-air cooling
equipment; alarm devices on thermometers, oil gages,
pressure gages, pressure-relief devices, etc; and surge
arresters. These devices may be qualified under this
standard as a part of the transformer. Their successful
operation throughout transformer testing shall consti-
tute sufficient proof of their design, and no further
testing is necessary except as noted herein.

(2) Current-interrupting devices. These devices, such
as fuses, switches, circuit breakers, and load-break
separable connectors may also be included in a trans-
former package. They shall, however, be individually
certified by their own conformance standards. Trans-
formers containing such devices shall not be certified
as being in conformance with this standard unless all
current-interrupting devices meet required conformance
standards. Application to the transformer package shall

COPYRI GHT 2000 Anerican National Standards Institute
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be in accord with guidelines established by the device
conformance standard. Successful (non-current-inter-
ruption) operation of these devices throughout trans-
former testing shall constitute sufficient proof of their
proper application to the transformer without further
testing.

3.3 Mounting. Each accessory device shall be mounted
in its normal position in the transformer during applic-
able testing when its installation may affect the per-
formance of the transformer package.

4. Construction Requirements

4.1 General. It is intended that the transformer be
installed by qualified personnel.

4.2 Operating Instructions. The transformer shall be
supplied with operating instruction that include warn-
ings concerning potential operating hazards.

4.3 Grounding and Bonding

43.1 Grounding. The transformer tank shall have
provision for grounding fo the system as specified in
the applicable product standards. When transformer
neutral terminals are grounded to the transformer



AMERICAN NATIONAL STANDARD C57.12.13-1982

ANSI C€57.%2.13 42 M

Table 2

Grounding Conductor Sizes

Maximum
Rated Line
Current
(amperes)

15
20
30
40
60
100
200
400
600
800
1000
1200
1600
2000
2500
3000
4000
5000
6000

Copper Aluminum or Copper-Clad
Wire Size Aluminum Wire Size
(AWG or kcmil) (AWG or kcmil)

14 12

12 10

10 8

10 8

10 8

8 6

6 4

3 1

1 2/0

1/0 3/0
2/0 4/0
3/0 250
4/0 350
250 400
350 500
400 600
500 800
700 1000
800 1200

tank, the grounding conductor shall have a current-
carrying capacity equivalent to that given in Table 2.
4.3.2 Bonding. Exposed conductive non-current-
carrying parts shall be reliably bonded to the trans-
former tank.

4.4 Pressure Bleeder Device. A transformer larger than
500 kV A shall include a pressure-vacuum bleeder de-
vice for automatic relief of excessive positive or nega-
tive static pressures, which conforms to the require-
ments specified in ANSI C57.12.10-1976. This'does
not include a-transformer with distribution BIL char-

acteristics of 10.4.1 in ANSI C57.12.10-1976.

5. Enclosure Requirements

5.1 General

5.1.1 An enclosure is a surrounding case or housing
used to provide a degree of protection to the enclosed
conductors and equipment and to provide a degree of
protection to personnel against incidentally contacting
live parts.

5.1.2 Enclosures are categorized in accordance with

5.1.3 through 5.1.5.

10

5.1.3 Category A indoor or outdoor enclosures are

intended for ground level use in installations subject

to deliberate, unauthorized acts by members of the un-
supervised general public primarily to provide a degree

of protection against contact with the enclosed equip-

ment. The enclosure shall meet the requirements given

in Table 3.

;o

h
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5.1.4 Category B indoor or outdoor enclosures are
intended for use in installations not subject to deliberate,
unauthorized acts by members of the unsupervised gen-
eral public primarily to provide a degree of protection
to unauthorized and untrained personnel against inci-
dental contact with the enclosed equipment. The
enclosures shall meet the requirements given in Table 3.

5.1.5 Category C indoor or outdoor enclosures are
intended for use in installations in secured areas gen-
erally inaccessible to unauthorized and untrained per-
sons to provide a degree of protection against contact
with the enclosed equipment. The enclosures shall
meet the requirements given in Table 3.

5.2 Basic Enclosure Requirements
5.2.1 Construction

5.2.1.1 If of metal, enclosures shall be suitably
supported, constructed, and assembled so that they
will have the strength and rigidity necessary to resist
the abuses to which they are likely to be subjected,
without total or partial collapse resulting in an increased
fire hazard due to reduction of spacings, loosening
or displacement of parts, or other serious defects. Non-
metallic materials may be used as all or part of an en-
closure if found suitable for the application and shall
otherwise comply with the requirements of this
paragraph. Among the factors to be taken into con-
sideration when a nonmetallic material is being judged
for acceptability are its (1) physical strength, (2) re-
sistance to impact, (3) moisture-absorptive properties,
(4) combustibility, (5) ground plane between high volt-
age and enclosure, and (6) resistance to distortion at
temperatures to which it may be subjected under
conditions of normal and abnormal use. These factors
are considered with respect to thermal aging. An en-
closure shall be capable of withstanding the tests of
this standard that are applicable to the location and
environmental conditions to which it will be exposed.

5.2.1.2 Lifting provisions shall provide a distri-
buted balanced lift in a vertical direction for the as-
sembled transformer and shall be designed to provide
a safety factor of 5.2

5.2.1.3 Unless the enclosure is of a material that
will resist corrosion, both inside and outside surfaces
shall be suitably protected by painting, galvanizing, -
plating, or other equivalent means. .

5.2.1.4 An enclosure cover, if not of the drawout
construction, shall be hinged if it gives access to fuses
or any other overload protective devices, the normal
functioning of which requires renewal, or if it is neces-

2The safety factor of 5 is the ratio of the ultimate stress of ma-
terial used to the working stress; the working stress is the maxi-
mum combined stress developed in the lifting provisions by the
static load of the completely assembled transformer,
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Table 3
Requirements Applicable to Indoor and Outdoor Enclosures

Required for Categories

Feature Reference Paragraphs A B C
All enclosures
Enclosure security 523 Yes - -
Basic enclosure requirements 5.2
Rigidity (sheet metal) 5.2.2.1-5.2.24 Yes Yes -
Exposed live parts permissible 5.2.1.17.2 ) No No Yes
Operating handles 5.2.1.24.1-5.2.1.24.4 Locked No require- No require-
cover ments ments
Operating handles — height (max) 5.2.1.24.2 78 in 78 in 78 in
Vent openings — “line of sight™ restriction 5.2.1.18.1-5.2.1.18.2 - Yes No
Doors (if supplied) 5.2.1.5-5.2.1.6 Yes Yes Yes
Doors -- handles lockable 5.2.1.5 Yes Yes* No
Doors — captive fasteners 5.2.1.5 — Yes* No
Hinged pins — no removable door 5.2.1.5 Yes No No
Lifting provisions 5.2.1.2 Yes Yes Yes
Gage, valves, etc — locked cover 5.2.1.26.1 Yes No No
Guatds for exposed fan blades 5.2.1.26.2 Yes Yes Yes
Caution and warning signs 54 Yes Yes Yes
Outdoor Enclosures
Material 5.3.1-533 Yes Yes Yes
Hinges 534 Yes Yes Yes
Gaskets 5.3.6-5.3.9 Yes Yes Yes
Doorstop 5.3.10 Yes Yes Yes
Types and design tests 5.3.11-5.3.20 Yes Yes Yes
Tests ) .
Spray 5.3.16 All types All types All types
Dust 5.3.17 Types 103, Types 103, Types 103,
1038, 104 103R, 104 1038, 104
External icing 5.3.18 All types All types All types
Hose-down 5.3.19 Type 104 Type 104 Type 104
Corrosion resistance 5.3.20 Type 103 Type 1038 Type 104

*Either lockable handles or captive fasteners, but not both, are required.

sary to open the cover in connection with the normal
operation of the device. (Exception: Fuses for instru-
ment transformers, internal fans, etc, may be behind
bolted covers.)

5.2.1.5 ‘A part of the enclosure such as a door,
cover, or tank shall be provided with a means'(such as
latches, locks, interlocks, or captive fasteners) for firm-
ly securing it in place. Such fasteners shall be located
or used in multiple so as to hold the door or cover
closed over its entire length. A hinged cover more than
48 inches (1219 mm) long on the hinged side shall have
at least a two-point latch operated by a single knob or
handle, or have at least two captive fasteners.

The opening handles for doors of enclosures of
Categories A and B shall be lockable. However, captive
fasteners are permitted on Category B enclosures. Ex-
posed hinge pins shall be nonremovable on doors of
Category A enclosures or, as an alternate, the door
shall be nonremovable in the closed position.

5.2.1.6 A door or cover shall shut closely against
a 1/4-inch (6.4-mm) rabbet (as shown in Fig. 1) or the
equivalent, or minimum 1/2-inch (12.7-mm) overlap,

COPYRI GHT 2000 Anerican National Standards Institute
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or shall have flanges for the full length of the four
edges. Flanges on a door or cover shall fit closely with
the outside walls of the enclosure proper and shall be
not less than 7/16 inch (11.1 mm) in depth. A suitable
combination of flange and rabbet is acceptable. Fig. 2
illustrates typical constructions that are considered to
comply with this paragraph. Other constructions may
be suitable.
5.2.1.7 Cover plates intended to be removed for
[inspection and maintenance of energized parts and
wiring shall not exceed 12-ft2 (1.11 m?) in area or
60 1b (27.2 kg) in weight unless they are equipped with
lifting means or hinges.
5.2.1.8 An enclosure of cast metal shall be at

least 1/8 inch (3.2 mm) thick at every point, greater
than 1/8 inch (3.2 mm) thick at reinforcing ribs and
door edges, and not less than 1/4 inch (6.4 mm) thick
at tapped holes for conduit.

Exception: At other than at plain or threaded con-
duit holes, die-cast metal shall be as follows:

(1) Not less than 3/32 inch (2.4 mm) thick for an
area greater than 24 in2 (0.015 m2) or having any di-

11
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Fig. 2

Typical Constructions for Doors or Covers

mensions greater than 6 inches (152 mm).

(2) Not less than 1/16 inch (1.6 mm) thick for an
area of 24 in2 (0,015 m?) or less and having no dimen-
sions greater than 6 inches (152 mm). The area limita-
tion may be obtained by the provision of suitable re-
inforcing ribs subdividing a larger area. .

5.2.1.9 The thickness of a sheet metal enclosure
shall be not less than that indicated in Tables 4 and 5,
except (1) that uncoated steel shall be not less than
0.032 inch (0.81 mm) thick, zinc-coated steel shall
be not less than 0.034 inch (0.86 mm) thick, and non-
ferrous metal shall be not less than 0.045 inch (1.14
mm) thick at points at which a wiring system is to be
connected, and (2) as indicated in 5.2.2.1 and 5.2.2.4.

12

5.2.1.10 Tables 4 and 5 are based on a uniform
deflection of the enclosure surface for any given load
concentrated at the center of the surface regardless of
metal thickness.

5.2.1.11 A supporting frame shall be formed of
angles, channels, folded rigid sections of sheet metal,
or the equivalent, rigidly fastened together and having
essentially the same outside dimensions as the enclo-
sure surfaces.

5.2.1.12 With reference to 5.2.1.13 and Tables
4 and 5, a construction is not considered to have a
supporting frame if it is one of the following:

(1) A single sheet with single formed flanges

(formed edges)

St andards Institute
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Table 4
Minimum Thickness of Sheet Metal
for Enclosures of Carbon Steel or Stainless Steel

With Supporting Frame or Minimum Thickness in Inches
Without Supporting Frame* or Equivalent Reinforcing® (millimeters)
Maximum Widtht Maximum Lengthi Maximum Widtht Maximum Length
in Inches in Inches in Inches in Inches
(millimeters) (millimeters) (millimeters) (millimeters) Uncoated Zinc-Coated
4.0 (101) Not limited § 6.25 (159) Not limited § 0.020*%* (0.51)** 0.023** (0.058)**
4.75 (121) 5.75 (146) 6.75 (171) 8.25 (210)
6.0 (152) Not limited 9.5 (241) Not limited 0.026** (0.66)** 0.029** (0.74)**
7.0 (178) 8.75 (222) 10.0 (254) 12.5 (318)
8.0 (203) Not limited 12.0 (3095) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (229) 11.5 (292) 13.0 (330) 16.0 (406)
12,5 (318) Not limited 19.5 (4995) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (356) 18.0 (457) 21.0 (533) 25.0 (635) .
18.0 (457 Not limited 27.0 (686) Not limited 0.053 (1.35) 0.056 (1.42)
20,0 (508) 25,0 (635) 29.0 (737) 36.0 (914)
22.0 (559) Not limited 33.0 (838) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (635) 31.0 (787) 35.0 (889) 43.0 (1092)
25.0 (635) Not limited 39.0 (991) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73D 36.0 (914) 41.0 (1041) 51.0 (1295)
33.0 (838) Not limited 51.0 (1295) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (965) 47.0 (1194) 54.0 (1372) 66.0 (1676)
42.0 (1067) Not limited 64.0 (1626) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (1194) 59.0 (1499) 68.0 (1727) 84.0 (2134)
52.0 (1321) Not limited 80.0 (2032 Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (1524) 74.0 (1880) 84.0 (2134) 103.0 (2616) .
63.0 (1600) Not limited 97.0 (2464) Nof limited 0.123 (3.12) 0.126 (3.20)
73.0 (1854) 90.0 (2286) 103.0 (2616) 127.0 (3226)

*See 5.2.1.11 for supporting frame and 5.2.1.26 for equivalent construction.

1The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an enclosure

may have supports in common and be made from a single sheet.

4For panels that are not supported along one side (for example, side panel of boxes) the length of the unsupported side shall be

limited to the dimensions specified.

§ “Not limited” applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not

normally removed in use.

**Sheet steel for an enclosure for outdoor use (rainproof or raintight) is required to be not less than 0.034 inch (0.86 mm) in thickness -

if zinc-coated and not less than 0.032 inch (0.81 mm) in thickness if uncoated.

(2) A single sheet that is corrugated or ribbed

(3) An enclosure surface loosely attached to a
frame - that is, with spring clips

5.2.1.13 A tapped hole for the attachment of
threaded rigid conduit shall be provided with:

(1) An end stop, or shall be so located that a stan-
dard bushing may be attached to the end of the con-
duit, and

(2) A tapered thread in equipment for outdoor use,
if not provided with an end stop, and

(3) At least three full threads when tapped all the
way through the wall of an enclosure, or with at least
3-1/2 full threads and a smooth, well-rounded inlet
hole having a diameter approximately the same as the,
internal diameter of a standard bushing to provide pro-
tection for the conductors equivalent to that provided
by such a bushing.

5.2.1.14 A knockout in a sheet metal enclosure

shall be reliably secured but shall be capable of being
removed without undue deformation of the enclosure.

5.2.1.15 Where a knockout is provided, it shall
have a flat surrounding surface adequate for proper
seating of a conduit bushing and shall be so located
that installation of a bushing at any knockout likely to
be used during installation will not result in spacings
between uninsulated live parts and the bushing of less
than the minimum dielectric requirements in this
standard.

5.2.1.16 For an enclosure not provided with
conduit openings or knockouts, spacings not less than
the minimum required in this standard shall be provided
between uninsulated live parts and a conduit bushing
installed at any location likely to be used during in-
stallation. Permanent marking on the enclosure, a
template, or a drawing furnished with the device may
be used to limit such a location.

13
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Table 5

Minimum Thickness of Sheet Metal
for Enclosures of Aluminum, Copper, or Brass

Without Supporting Frame*

With Supporting Frame or
Equivalent Reinforcing*

Maximum Widtht Maximum Lengthi Maximum Width} Maximum Length Minimum Thickness
in Inches in Inches in Inches in Inches in Inches
(millimeters) (millimeters) (millimeters) (millimeters) (millimeters)

3.0 (76) Not limited § 7.0 (178) Not limited § ©0.023%* (0.58)**
3.5 (89) 4.0 (101) 8.5 (216) 9.5 (241)
4.0 (101) Not limited 10.0 (254) Not limited 0.029 (0.74)
5.0(127) 6.0 (152) 10.5 (267) 13.5 (343)
6.0 (152) Not limited 14.0 (356) Not limited 0.036 (0.91)
6.5 (165) 8.0 (203) 15.0 (381) 18.0 (457)
8.0 (203) Not limited 19.0 (483) Not limited 0.045 (1.149
9.5 (241) 11.5 (292) 21.0 (533) 25.0 (635)
12.0 (305) Not limited 28.0 (711) Not limited 0.058 (147
14.0 (356) 16.0 (406) 30.0 (762) 37.0 (940)
18.0 (457) Not limited 42.0 (1067) Not limited 0.075 (1.90)
20.0 (508) 25.0 (635) 45.0 (1143) 55.0 (1397)
25.0 (635) Not limited 60.0 (1524) Not limited 0.095 (2.41)
29.0 (737) 36.0 (914) 64.0 (1626) 78.0 (1981)
37.0 (940) Not limited 87.0 (2210) Not limited 0.122 (3.10)
42.0 (1067) 53.0 (1346) 93.0 (2362) 114.0 (2896)
52.0 (1321) Not limited 123.0 (3124) Not limited 0.153 (3.87)
60.0 (1524) 74.0 (1880) 130.0 (3302) 160.0 (4064)

*See 5.2.1.11 for supporting frame and 5.2.1.26 for equivalent construction.

$The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made from a single sheet.

1 For panels that are not supported along one side (for example, side panels of boxes) the length of the unsupported side shall

be limited to the dimensions specified.

§“Not limited" applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces

not normally removed in use.

**Sheet copper, brass, or aluminum for an enclosure intended for outdoor use (rainproof or raintight) is required to be not

less than 0.029 inch (0.74 mm) in thickness.

5.2.1.17

5.2.1.17.1 In measuring a spacing between an
uninsulated live part and a conduit bushing installed
in the knockout referred to in 5.2.1.14 and 5.2.1.15,
it is to be assumed that a bushing having the dimen-
sions indicated in Table 6 is in place, in conjunction
with a single locknut installed on the outside of the
enclosure.

5.2.1.17.2 An indoor or outdoor unit substa-
tion enclosure shall have no exposed live conductors
(such as entrance bushing studs, terminal connections,
or bus bars) unless it is designated as Category C.

52.1.18

5.2.1.18.1 A ventilating opening in an enclo-
sure shall prevent the insertion of a straight rod having
a diameter of 0.500 inch (12.7 mm) except that if the
distance between the opening and the nearest not fully
insulated live part is greater than indicated in Table 7,
the opening may permit the entry of a rod having a
diameter greater than 0.500 inch (12.7 mm) but not
greater than 0.750 inch (19.1 mm). A barrier may be

14

placed between an opening and live parts to comply
with this requirement.
5.2.1.18.2 For Category B enclosures, a bar-
rier or equivalent shall be so located that it intercepts
all live parts from line of sight through the opening
protected. Exception: An opening above the upper
edge of the enclosure sidewall, but under the overhang
of the top, is acceptable if, by means of its size, bar-
rier, etc, it will prevent a straight rod 0.500 inch
(12.7 mm) in diameter from approaching any unin-
sulated live part inside the enclosure by a distance not
less than that indicated in Table 7.
5.2.1.19 In determining the suitability of a bar-
rier as mentioned in 5.2.1.18.1 and 5.2.1.18.2, con-
sideration shall be given to the following:
(1) The barrier shall be reliably secured in place.
(2) The barrier shall be capable of withstanding the
forces to which it may be subjected in service.
(3) A component so located or an enclosure so
formed as to meet the foregoing requirements is con-
sidered suitable.
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Table 6
‘ Dimensions of Conduit Bushings
. Bushing Dimensions in Inches
Trade Size illi
of Conduit (millimeters)
in Inches Overall Diameter Height
1/2 1 (25.4) 3/8 9.5)
3/4 1-15/64 (29.8) 27/64  (10.7)
1 1-19/32 (41.3) 33/64  (13.1)
1-1/4 1-15/16 (49.2) 9/16 (14.3)
1-1/2 2-13/64 (55.9) 19/32  (15.1)
2 2-45/64 (69.1) 5/8 (5.9
2-1/2 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (984) 13/16  (20.6)
3-1/2 4-7[16  (113) 15/16  (23.8)
4 4-31/32 (126) 1 (25.4)
4-1/2 5-35/64 (141) 1-1/16 (27.0)
5 6-7/32  (158) 1-3/16 (30.2)
6 7-7/32  (183) 1-1/4 (31.8)
Table 7
Clearance Requirements
Minimum
Clearance, Inches
kV Class (millimeters)
1.2 4 (101)
2.4 5 127
5 © 55 (140)
, 8.66 6.5 (165)
‘ 15 8 (203)
24 11 (279)
34 15 (381)

NOTE: The above clearances are based on the strike distances
published in NEMA TR 1-1980 (Part O, page 6), plus 3 inches.

5.2.1.20 The diameter of the wires of a screen
shall be not less than 0.051 inch (1.30 mm) if the
screen openings are 1/2 in? (322 mm?) or less in area,
and shail be not less than 0,081 inch (2.06 mm) for
larger screen’ openings.

5.2.1.21 Perforated sheet steel and sheet steel
employed for expanded-metal mesh shall be not less
than 0.042 inch (1.07 mm) thick if uncoated and not
less than 0.046 inch (1.17 mm) if zinc-coated for mesh
openings or perforations 1/2 in2 (322 mm?) or less in
area, and shall be not less than 0.080 inch (2.03 mm)
thick if uncoated and not less than 0.084 inch (2.13
mm) if zinc-coated for larger openings.

5.2.1.22 Enclosures shall provide a degree of
protection against limited amounts of falling dirt. If
ventilating openings are provided in the top of the en-
closure, they shall be provided with a protective shield
so spaced with respect to the opening that they will

. prevent falling dirt from impairing operation of the in-

ternal unit.
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52.1.23 _

5.2.1.23.1 Secondary devices and their wiring
shall be isolated by ground metal barriers, or by the
clearance described in Table 7, from all primary circuit
elements (with the exception of fans, fan motor
terminals, short lengths of wire at instrument trans-
formers, or temperature-sensing elements).

5.2.1.23.2 Low-voltage control equipment,
relays, motors, and the like (except instrument or con-
trol transformers that are connected to the high-voltage
fan motors) shall not be located in compartments with
exposed high-voltage parts or high-voltage wiring unless
the access door or cover is interlocked with the high-
voltage switch or disconnecting means to prevent the
door or cover from being opened or removed unless the
switch or disconnecting means is in its isolating position.

5.2.1.24
5.2.1.24.1 Operating handles on the external
surface of unit substations shall be provided with a
lockable cover for Category A enclosures.
5.2.1.24.2 External handles and push buttons
shall be located in accordance with the following:

(1) Control and transfer switch handles of push but-
tons shall be located in a readily accessible location at
an elevation above the mounting surface not in excess
of 78 inches (1.98 m).

(2) Operating handles requiring a force of more than
50 Ibf (222.4 N) of force to operate shall be not higher
than 66 inches (1.67 m) in either the open or closed
position.

(3) Operating handles for infrequently operated de-
vices such as drawout fuses, fused potential or control
transformer primary disconnects, and bus transfer
switches, need not comply with (1) and (2).

5.2.1.24.3 In defermining compliance with
5.2.1.24.2, measurements shall be made from the
mounting surface to the center of the handle grip with
the handle in its highest possible position. If the handle
grip is not clearly defined, the center of the handle
grip shall be considered to be at a point 3 inches
(76 mm) in from the end of the handle.

5.2.1.24 .4 If the mechanism of a switching
device is such that operation of a remote or automatic
tripping device will permit sudden movement of an op-
erating handle, the motion of the handle shall be re-
stricted or the handle shall be guarded to prevent in-
jury to persons in the vicinity of the handle.

5.2.1.25 The viewing pane shall consist of a
transparent material covering an observation opening
and forming a part of the enclosure and shall be re-
liably secured in such a manner that it cannot be readily
displaced in service. It shall meet the requirements of
5.2.2.5 through 5.2.2.8.
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Fig. 3
Torsion Test Setup

5.2.1.26
5.2.1.26.1 Valves, gages, and other accessories
shall have a lockable cover over them on enclosures
designated Category A.
5.2.1.26.2 The blades of cooling fans shall
not be exposed on Category A enclosures. Fans on
Category B enclosures may be exposed if provided with
guards. Fans on Category C enclosures may be exposed
if provided with guards, unless other means are provided
to protect personnel from contacting rotating blades.
5.2.2 Construction Tests

5.2.2.1 The minimum thickness of an enclosure
(without supporting frame) may be less than shown in
Table 4 and 5 if the enclosure is reinforced so that if
subjected to deflection forces (see 5.2.2.2) and tor-
sional forces (see 5.2.2.3) its strength and rigidity are
shown to be not less than an enclosure of the same
maximum length and width having the required thick-
ness shown in Tables 4 and 5.

5.2.2.2 For determining deflection the test de-
scribed in 5.2.2.4(2) shall be applied to the end, side,
and rear walls of each enclosure except that the forces
and limits are not specified. The force on each wall of
both the test and reference enclosures shall be sufficient

16

to result in a measurable deflection of the test enclosure.

5.2.2.3 For the torsion test, with each test en-
closure in a vertical position, one end wall shall be
secured to a rigid surface. The opposite end wall shall
then be twisted around the vertical axis of the enclo-
sure. The force used on both the test and reference
enclosures shall be sufficient to result in a measurable
angle of rotation of the test enclosure (see Fig. 3).
5.2.2.4 A door, panel, or cover that has a sup-

porting frame may employ metal having a thickness
not less than 0.056 inch (1.42 mm) if zinc-coated steel,
0.053 inch (1.35 mm) if uncoated steel, or 0.075 inch
(1.90 mm)if aluminum, copper, or brass, provided that:

(1) The door, front, panel, or cover has the strength
and rigidity to maintain its shape when open or un-
mounted, and

(2) The inward deflection is not more than 1/4 inch
(6.4 mm) when a force of 100 Ibf (445 N) is applied
perpendicular to the surface at any point on the door,
front, panel, or cover through a rod having a 1/2-by
1/2-inch (12.7- by 12.7-mm) square steel face. For the
test, the enclosure may be laid on its back on a smooth,
solid, horizontal surface with the door closed and the
front, panel, or cover secured as intended. The test
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force shall be applied at various points on the door
likely to cause deflection. The same sample may be
used for more than one test, provided that there is
no permanent deflection due to a previous test.

5.2.2.5 Viewing panes as inciated in 5.2.1.25
shall not shatter, crack, or become dislodged when
both sides of the viewing pane in turn are subjected
to the tests described in 5.2.2.6 and 5.2.2.7.

5.2.2.6 A force of 200 1bf (890 N) shall be
exerted perpendicularly to the surface in which the
viewing pane is mounted. This force shall be evenly
distributed over an area of 16 in? (0.010 m2) as
nearly square as possible and as near the geometric
center of the viewing pane as possible. If the viewing
pane has an area less than 16 in2 (0.010 m2), the
force shall be evenly distributed over the entire view-
ing area. The 200-Ib (890-N) force shall be sustained
for a period of 1 minute.

5.2.2.7 The viewing pane shall be subjected to
an impact of 5 ft-1bf (6.8 J) using a steel ball weighing
approximately 1.8 1b (0.535 kg) and approximately
2 inches (51 mm) in diameter.

5.2.2.8 Separate samples may be used for each of
the tests described in 5.2.2.6 and 5.2.2.7.

5.2.3 Enclosure Security

5.2.3.1 Enclosure security testsshall be conducted

with the equipment described in 5.2.3.2 through 5.2.3.6.

5.2.3.2 A pry bar, constructed in accordance
with Fig. 4, is used for the pry tests. The equipment
consists of the specified pry tip welded to a pry bar.
The handle is mounted so that it can slide only in an
axial direction restrained by a stack of Belleville
washers. The forces described in 5.2.3.3 and 5.2.3 .4 are
applied to the handle.

5.2.3.3 When an axial force is applied to the
handle, the stack of Belleville washers is compressed.
The amount of compression is a measure of the magni-
tude of the axial force applied. Using a scale of other
force-measuring devices, the pry bar can be calibrated
to measure the axial force used to force the tip into
the joint under test.

5.2.3.4 The prying leverage applied can be
measured indirectly by measuring the deflection of
the pry bar. The dial indicator is mounted on the pry
bar and set to measure deflection of a certain length
of the bar. A calibration can be made that will result
in a table or curve showing prying leverage versus read-
ing of the dial indicator.

5.2.3.5 The pull bar shown in Fig. 5 is used in
the pull tests. The pulling means is designed to measure
the axial pull in pounds and is constructed in accordance
with Fig. 5.

5.2.3.6 The probing wire is bare no. 10 AWG
hard-drawn solid copper wire 10 ft (0.305 m) long.

ANSI C€57.12.13 &2 W 0724150 0004742 9 N |

“"- AMERICAN NATIONAL STANDARD C57.12.13-1982

5.2.4 Enclosure Security Tests
5.2.4.1 General. The completely assembled

transformer shall be mounted on a flat surface accord-
ing to the manufacturer’s specification. With the doors
closed and locked, the following sequence of tests shalt
be performed.

(1) Pry tests

(2) Wire probe tests

(3) Pull tests

(4) Wire probe tests

(5) Operation test

5.2.4.2 Pry Tests. The pry bar is to be used on

all joints, crevices, hinges, locking means, etc, that exist
between the enclosure components — that is, doors,
sills, etc. The pry bar may be placed at any angle to the
enclosure surface. The tip of the bar shall first be in-
serted in the opening being tested using the value of
axial force specified in Table 8. Then, with that axial
force being maintained, the prying force specified in
Table 8 shall be applied. This force may be applied
alternately, first in one direction and then in the op-
posite direction (once in each direction). Application
of either or both axial and prying force shall be main-
tained so long as relaxation is occurring in the enclo-
sure assembly. When relaxation ceases, or if no relaxa-
tion occurs, the pry bar shall be removed and applied
at an untested location.

NOTE: If hinge pins are removable with the door closed, this
test shall also be made with the hinge pins removed.

5.2.4.3 Pull Tests. A pulling force is to be ap-
plied to all handles and other parts that can be engaged
by the pulling hook. A pulling force not exceeding the
values in Table 8 may be exerted at any angle to the
compartment surface. This force shall be maintained
during any relaxation of the enclosure assembly. When
relaxation ceases, or if no relaxation occurs, the pull
test shall be terminated. The hook shall then be in-
serted into any handle or other part that it can engage,
and the test shall be repeated. Any handle or part shall
be tested only once.

NOTE: If hinge pins are removable with the door closed, this
test shall also be made with the hinge pins removed.

5.2.4.4 Wire Probe Tests. Following the pry and
pull tests described in 5.2.4.2 and 5.2.4.3, penetration
of the enclosure shall be attempted with the probe

Table 8
Test Values to Prevent Entry

50 Ibf (222 N)
300 1bf+in (33.9 N-m)
100 Ibf (444 N)

Inward axial force
Prying leverage tests
Pull test
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SPRING SCALE
FOR PULL FORCE

\- HANDLE

NOTES:

ANSI €57.12.13 &2 WM 0724150 0004745 4 mE

.25 0.25 DIA
(3.8 6.4)

HOOK

ROUND BAR
0.25:0.06 DIA
{6.421.5)

(1) All dimensions are in inches (millimeters).
(2) Typical device: Iron Man scales, capacity: 200 Ib, No. 1756T4, or the equivalent.

Fig. 5

Pull Ho

wire. This penetration may be tried at any enclosure
crevice or joint. The wire must be gripped by the tester
with bare hands. If the wire enters the joint, the wire
should be continually pushed until it can no longer be
pushed or it has entered the enclosure. This test is
passed if an inspection determines that the probing
wire either has not entered the enclosure or the prob-
ing wire is visibly restricted by a barrier from intrusion
into the enclosure’s interior.

5.24.5 Operation Test. Following the tests de-
scribed in 5.2.4.2 through 5.2.4.4, the enclosure should
unlock and open and should also close and lock easily
without loss of security. The minimum test values for
which entry must be prevented are given in Table 8.

5.3 Outdoor Enclosure Construction Requirements

5.3.1 A nonmetallic enclosure is to be considered
on the basis of the effect of its exposure to ultraviolet
light and water.

5.3.2 Copper, bronze, brass containing not less
than 80% copper, or stainless steel may be used without
additional protection against corrosion. Aluminum
(sheet, extrusion, or casting), die-cast zinc, or another
metal shall be of a grade or alloy known to be non-
susceptible to corrosion, shall be subjected to appropri-
ate tests, or shall be additionally protected from cor-
rosion.

5.3.3 Aluminum in an outdoor enclosure shall be
so located that it will not be in contact with the
mounting pad.

5.3.4 Hinges and other attachments shall be resistant
to corrosion. Metals shall not be used in combinations
that result in galvanic action that could adversely affect
any part of the device.

20
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5.3.5 If an outdoor enclosure has any opening for
passage of a wire or bus bar to a switchboard section
or to a wireway, auxiliary gutter, or busway, a suitable
gasket or other means shall be provided that will pre-
vent the entrance of water at such opening. If the
opening is for attachment of a busway, the outdoor
enclosure and the busway shall be investigated together
to determine that water does not enter along the bus
bars.

5.3.6 Outdoor construction requiring a gasketed
joint shall be investigated to determine whether or not
it is suitable for the particular application (see 5,3.7
through 5.3.9).

5.3.7 A gasket of an elastomeric or thermoplastic
material or a composition gasket utilizing an elasto-
meric material employed to make an enclosure suitable
for outdoor use shall be adequately resistant to aging
as determined by the accelerated-aging tests described
in53.8and 5.3.9.

5.3.8 A gasket of rubber or neoprene, or a composi-
tion thereof, shall be exposed for 96 hours to oxygen
at a pressure of 300 1bf/in® (2068 kPa) and a tempera-
ture of 70°C (158°F). The gasket is considered ade-
quately resistant to aging if there is no visible evidence
of deterioration such as softening, hardening, or crack-
ing after flexing (see Section 32 of ANSI/UL 347-1978).

5.3.9 A gasket of thermoplastic material, or a
composition thereof, may be accepted after considera-
tion of the effects of heat aging, distortion under condi-
tions of use, and the means of securing the gasket to
the cover or enclosure.

5.3.10 External hinged doors or covers for outdoor
equipment shall be provided with stops to hold them in
the open position or shall be removable.
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Table 9
Enclosures for Outdoor Nonhazardous Locations

Provides a Degree Type Type Type Type
of Protection against 103 103R* 103S 104X
Incidental contact

with the enclosed

equipment X X X X
Rain, snow, and sleet} X X X X
Sleet - - X —
Windblown dust X — X X
Hosedown - — — X

*These enclosures may be ventilated.

1External operating mechanisms are not required to be operable
when the enclosure is ice-covered,

tExternal operating mechanisms are operable when the enclosure
is ice covered.

5.3.11 An outdoor enclosure shall comply with the
preceding sections and shall also meet the requirements
of its type designation as indicated in Table 9.

5.3.12 Type 103 Enclosures

5.3.12.1 Type 103 enclosures are intended for
outdoor use primarily to provide a degree of protection
against windblown dust, rain, sleet, and external ice
formation. They shall meet rain, external icing, dust-
and rust-resistance design tests. They are not intended
to provide protection against conditions such as internal
condensation or internal icing.

5.3.12.2 When completely and properly installed,
Type 103 enclosures:

(1) May have a conduit hub or equivalent provision
to exclude water at the conduit entrance and may have
mounting means external to the equipment cavity.

(2) Shall require the use of a tool to gain access to
the equipment cavity, or have provisions for locking.

(3) Exclude water when subjected to a simulated
heavy rainfall.

(4) Exclude dust under test conditions.

(5) Are undamaged after being encased in ice under
test conditions.

(6) Shall not corrode when subjected to a salt-spray
test for 200 hours.

5.3.12.3 Type 103 enclosures shall be tested and
evaluated by the following:

(1) Spray test described in 5.3.16

(2) Dust test described in 5.3.17

(3) External icing test described in 5.3.18

(4) Corrosion resistance test described in 5.3.20

5.3.13 Type 103R Enclosures

5.3.13.1 Type 103R enclosures are intended for
outdoor use primarily to provide a degree of protection
against falling rain, sleet, and external ice formation.
They shall meet rod entry, rain, external icing, and rust

St andards Institute
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resistance design tests. They are not intended to pro-
vide protection against conditions such as dust, internal
condensation, or internal icing.

5.3.13.2 When completely and properly installed,
Type 103R nonventilated enclosures:

(1) Shall not permit water to enter the equipment
cavity at a level higher than the lowest live part unless
constructed to divert water from live parts, insulation,
and wiring and shall have provision for drainage.

(2) Shall be undamped after being encased in ice
under test conditions that are intended to simulate
freezing rain.

(3) May have a conduit hub or equivalent provision
to exclude water at the conduit entrance if the en-
trance is above the lowest live part.

(4) Shall require the use of a tool to gain access to
the equipment cavity or have provisions for locking,

(5) Shall prevent the entrance of a rod having a
diameter of 0.125 inch (3.2 mm) except that if the dis-
tance from the opening to the nearest live part is great-
er than that in Table 7, the opening may permit the
entry of a rod having a diameter not greater than
0.500 inch (12.7 mm).

(6) Shall not rust when subjected to a salt-spray
test for 200 hours.

Type 103R ventilated enclosures have the same pro-
visions as nonventilated enclosures except that they
have ventilated openings. These openings shall prevent
the entrance of a rod having a diameter of 0.500 inch
(12.7 mm) except that, if the distance from the opening
to any live part is greater than that in Table 7, the
opening may permit the entry of a rod not greater
than 0.750 inch (19.1 mim).

5.3.13.3 Type 103R enclosures shall be tested
and evaluated by the following:

(1) Rod entry test described in 5.3.13.2

(2) Spray test described in 5.3.16

(3) External icing test described in 5.3.18

(4) Corrosion resistance test described in 5.3.20

5.3.14 Type 103S Enclosures
5.3.14.1 Type 103S enclosures are intended

for outdoor use primarily to provide a degree of pro-
tection against windblown dust, rain, and sleet and to
provide for operation of external mechanisms when
ice-laden. They shall meet rain, external icing, dust,
and rust resistance design tests. They are not intended
to provide protection against conditions such as internal

‘condensation or internal icing.

5.3.14.2 When completely and properly installed,
Type 103S enclosures:
(1) Exclude water when subjected to a simulated
heavy rainfall.
(2) Exclude dust under test conditions that are in-
tended to simulate windblown dust.
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(3) May have a conduit hub or equivalent provisions
to exclude water at the conduit entrance.

(4) If wall-mounted, shall have mounting means ex-
ternal to the equipment cavity.

(5) Shall require the use of a tool to gain access to
the equipment cavity or have provisions for locking.

(6) Have external operating mechanisms with the
ability to withstand removal of ice by a hand tool.
Auxiliary means may be provided to break the ice.

(7) Shall not rust when subjected to a salt-spray
test for 200 hours.

5.3.14.3 Type 103S enclosures shall be tested
and evaluated by the following:

(1) Spray test described in 5.3.16

(2) Dust test described in 5.3.17

(3) External icing test described in 5.3.18

(4) Corrosion resistance test described in 5.3.20

5.3.15 Type 104X Enclosures

5.3.15.1 Type 104X enclosures are intended for
outdoor use primarily to provide a degree of protection
against windblown dust, rain, sleet, splashing water,
and hose-directed water. They shall meet hose-down,
dust, external icing, and corrosion design tests. They
are not intended to provide protection against condi-
tions such as internal condensation or internal icing.

5.3.15.2 When completely and properly installed,
Type 104X enclosures:

(1) Exclude water when subject to a stream of water
from a 1-inch (25.4-mm) nozzle at a rate of 65 gallons
(246 liters) per minute for a length of time dependent
on the enclosure size.

(2) Exclude dust under test conditions.

(3) Shall not corrode when subjected to a salt-spray
test for 200 hours.

(4) May have a conduit hub or equivalent provisions
to exclude water at the conduit entrance.

(5) If wall-mounted, shall have mounting means ex-
ternal to the equipment cavity. External operating
mechanisms are not required to be operable when en-
closure is ice-covered.

5.3.15.3 Type 104 enclosures shall be tested and
evaluated by the following:

(1) Dust test described in 5.3.17

(2) External icing test described in 5.3.18

(3) Hose-down test described in 5.3.19

(4) Corrosion resistance test described in 5.3.20

5.3.16 Spray Test. An enclosure marked for out-
door use shall be subjected to the spray test described
in 5.3.16.1 and shall be evaluated in accordance with
5.3.16.2.

5.3.16.1 The enclosure to be tested shall be fully
equipped and complete with all appurtenances such as
roof bushings, conduits, etc, and mounted in the in-
tended manner in the area to be supplied with artificial

1
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precipitation. For multiple-unit construction, a minimum
of two units shall be used to test the joints between
units including a roof joint.

The tightening torque for rigid conduit threaded
into the opening in the enclosure shall be 800 1bf+in
(90.4 N-m) for 3/4-inch and smaller trade sizes, 1000
lbf+in (113 N-m) for 1-, 1-1/4-, and 1-1/2-inch trade
sizes, and 1600 1bf-in (980.8 N+m) for 2-inch and
larger trade sizes.

The artificial precipitation shall be supplied by a
sufficient number of nozzles to produce a uniform
spray over the entire surface or surfaces under test.
The various vertical surfaces of an enclosure may be
tested separately or collectively, provided that a uni-
form spray is simultaneously applied to both of the
following:

(1) The roof surface, from nozzles located at a
suitable height.

(2) The floor outside the enclosure for a distance
of approximately 3 ft (0.91 m) in front of the surface
under test with the enclosure located at its normal
height above the floor level.

The nozzles used for this test shall deliver a square-
shaped spray pattern with uniform spray distribution
and shall have a capacity of at least 7.1 gal/min
(0.45 L/s) at 60-1bf/in? (414-kPa) pressure, and a
spray angle spread of approximately 75 degrees. The
centerline of the nozzles shall be inclined downward
so that the top of the spray is horizontal as it is di-
rected toward the vertical and roof surfaces being tested.

The pressure at the nozzles shall be a minimum of
60 1bf/in? (414 kPa) under flow conditions. (This is
approximately equivalent to rain driven by a 65-mi/h
(29-m/s) wind.) The quantity of water applied to each
surface under test shall be at least 0.2 inch (5.1 mm)
per unit surface per minute, and each surface so tested
shall receive this rate of artificial precipitation for a
duration of 5 minutes. The spray nozzle shall be not
more than 10 feet (3.05 m) from the nearest vertical
surface under test.

5.3.16.2 At the conclusion of the test, an enclo-
sure shall be considered to have met the requirements
of this test if there is:

(1) No water visibly observable on primary or sec-
ondary insulation.

(2) No water visibly observable on any electrical
components or mechanisms of the assembly.

(3) No significant accumulation of water retained
by the structure or other noninsulating parts (to mini-
mize corrosion).

5.3.17 Dust Test

5.3.17.1 Either of two alternative methods may
be applied:

(1) If the dust-blast method is used, the enclosure
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shall be subjected to a blast of compressed air mixed
with dry Type 1 general-purpose Portland cement®

or talc or other equivalent material having the same
particle size, using a suction-type sandblast gun that

is equipped with a 3/16-inch-diameter air jet and a 3/8-
inch-diameter nozzle. The air shall be dry and at a pres-
sure of 90 to 100 Ibf/in? (620 to 690 kPa). The
cement shall be supplied by a suction feed. Not less
than 4 pounds of cement per linear foot (5.94 kg/m)
of test length* of the test specimen shall be applied at
a rate of 5 pounds (2.27 kg) per minute. The nozzle
shall be held from 12 to 15 inches (0.31 to 0.46 m)
away from the enclosure, and the blast of air and
cement shall be directed at all points of potential dust
entry, such as seams, joints, external operating mechan-
isms, etc. A conduit may be installed to equalize the
internal and external pressures.

(2) If the atomized-water method is used, the enclo-
sure shall be subjected to a spray of atomized water,
using a nozzle that produces a round pattern 3 to 4
inches (76 to 102 mm) in diameter when measured 12
inches (305 mm) from the nozzle. The air pressure
shalil be 30 ibf/in? (207 kPa). The water shall be sup-
plied by a suction feed with a siphon height of 4 to 8
inches (102 to 203 mm). Not less than 5 ounces per
linear foot (0.43 kg/m) of test length* of the test speci-
men shall be applied at a rate of 3 gallons (11.35 liters)
per hour. The nozzle shall be held from 12 to 15 inches
(0.31 to 0.46 m) away from the enclosure, and the
spray of water shall be directed to all points of poten-
tial dust entry, such as seams, joints, external operating
mechanisms, etc.’ A conduit may be installed to
equalize the internal and external pressures but should
not serve as a drain.

5.3.17.2 The enclosure shall be considered to
have met the requirements of this test if no dust has

3Type 1 general-purpose Portland cement is readily available
and has a controlled maximum particle size. The analysis of a
typical sample is given as follows:

Particle Size in

Inches
Mesh (millimeters) Content
Coarser than 200 > 0.0029 (> 0.074) 3%
200 0.0029 (0.074) 8%
325 0.0017 (0.043) 7%
400 < 0.0015 (< 0.038) 82%

4Test length is the summation of the height plus the width plus
the depth; that is, test length =H + W + D,

5 Ungasketed shaft openings that have a path length of not lesg
than 1/2 inch (12.7 mm) shall not be tested if the total (dia-
metric) clearance between the shaft and the opening is not
more than 0,005 inch per 1/2 inch (1 mm per 100 mm) length
of path, These joints and openings shall be protected by suit-
able external means during the atomized water test.

COPYRI GHT 2000 Anerican National Standards Institute
I nformati on Handl i ng Services, 2000

AMERICAN NATIONAL STANDARD C57.12.13-1982

entered the enclosure from the method given in
5.3.17.1(1) or water from the method given in 5.3.17.1(2).

5.3.18 External Icing (Sleet) Test

5.3.18.1 The enclosure shall be mounted in a
room that can be cooled to 20°F (—7°C). A metal
test bar that is I inch (25.4 mm) in diameter and 2
feet (0.61 m) long shall be mounted in a horizontal
position in a location where it will receive the same
general water spray as the enclosure under test.

5.3.18.2 Provision shall be made for spraying the
entire enclosure from above with water at an angle of
approximately 45 degrees from the vertical. The water
shall be between 32°F (0°C) and 37°F (3°C). As a
guide, spraying facilities that provide between 1 and 2
gallons per hour per square foot of area (40.7 to 81.5
liters per hour per square meter) to be sprayed have
been found effective.

5.3.18.3 The room temperature shall be lowered
to 35°F (2°C). The spray of water shall be started and
continued for at least 1 hour, maintaining the room
temperature between 33°F (1°C) and 37°F (3°C).

5.3.18.4 At the end of this time, the room
temperature shall be lowered to between 20°F (—7°C)
and 27°F (—3°C) without discontinuing the water
spray. (The rate of change in the room temperature is
not critical and shall be whatever is obtainable with
the cooling means employed.) The water spray shall be
controlled so as to cause ice to build up on the bar at a
rate of approximately 1/4 inch (6.4 mm) per hour and
shall be continued until 3/4 inch (19.1 mm) of ice has
formed on the top surface of the bar. The spray shall
then be discontinued, but the room temperature shall
be maintained between 20°F (—7°C) and 27°F (—3°C)
for 3 hours to ensure that all parts of the enclosure and
ice coatings have been equalized to a constant tempera-
ture.

5.3.18.5 The enclosure and its external mechan-
isms shall be considered to have met the requirements
of this test if:

(1) While ice-laden, they can be manually operated
by one person without any damage to the enclosure,
the enclosed equipment, or mechanism. When an auxili-
ary mechanism is provided to break the ice, it shall be
included and utilized in the test. A separate test is re-
quired for each maintained position of each external
operator; if necessary, it should be possible to gain ac-
cess to the enclosure interior using an appropriate hand
tool without causing functional damage to the enclosure.

. (2) They are found to be undamaged after the ice
has melted. Enclosures that have no external cavitities
to trap water need not be tested.

5.3.19 Hose-Down Test

5.3.19.1 The enclosure and its external mechan-
isms shall be subjected to a stream of water from a
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hose that has a 1-inch nozzle and delivers at least 65
gallons (246 liters) per minute. The water shall be di-
rected at all joints from all angles from a distance of
10 to 12 ft (3 to 3.7 m) for a period of time equal to
48 seconds times the test length in feet.* A conduit
may be installed to equalize internal and external pres-
sures but should not serve as a drain.

5.3.19.2 The enclosure shall be considered to
have met the requirements of this test if no water
has entered the enclosure.

5.3.20 Corrosion Resistance Test. The corrosion re-
_ sistance test applies to all enclosures incorporating ex-
ternal ferrous parts. Nonferrous enclosures with no ex-
ternal ferrous parts need not be tested.

5.3.20.1 The enclosures or representative parts
of enclosures shall be subjected to salt spray (fog) as
follows:

(1) The test apparatus shall:

(a) Consist of a fog chamber, a salt solution
reservoir, a supply of suitably conditioned compressed
air, atomizing nozzles, support for the enclosure, pro-
vision for heating the chamber, and means of control.

(b) Not permit drops of solution that accumulate
on the ceiling or cover of the chamber to fall on the en-
closure being tested.

(c) Not permit drops of solution that fall from
the enclosure to be returned to the solution reservoir
for respraying.

(d) Be constructed of materials that will not af-
fect the corrosiveness of the fog.

(2) The salt solution shall be prepared by dissolving
5 + 1 parts by weight of salt in 95 parts of either dis-
tilled water or water containing not more than 200
parts per million of total solids. The salt shall be sodium
chloride that is substantially free of nickel and copper
and that contains, when dry, not more than 0.1% of
sodium jodide and not more than 0.3% of total im-
purities.

(3) The compressed-air supply to the nozzle(s) for
atomizing the salt solution shall be free of oil and dirt
and maintained between 10 and 25 1bf/in? (69 and
172 kPa).

(4) The temperature of the salt-spray chamber shall
be maintained at 95°F, + 2°F, — 3°F (35°C, + 1°C,

— 2°C). The nozzle(s) shall be directed or baffled so
that none of the spray can impinge directly on the en-
closure being tested.

(5) The test shall be run continuously for 200 hours;
that is, the chamber shall be closed and the spray op-
erated continuously except for the short daily inter-
ruption necessary to inspect, rearrange, or remove the
test specimens, to check and replenish the solution in
the reservoir, and to make necessary recordings.

(6) At the end of the test, the specimens shall be
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removed from the chambers and washed in clean run-
ning water that is not warmer than 100°F (38°C) to
remove salt deposits from their surface, and then dried
immediately. Corrosion products, other than rust, may
be removed by light brushing if required, to permit ob-
servation of the condition of the underlying stratum.

5.3.20.2 The enclosure shall be considered to
have met the requirements of this test if there is no
pitting, cracking, or other deterioration more severe
than that resulting from a similar test on passivated
AISI Type 304 stainless steel after 200 hours of ex-
posure.

5.4 Markings

5.4.1 Transformer enclosures shall be marked with
the following:

(1) A nameplate in accordance with ANSI/IEEE
C57.12.00-1980

(2) The exposure category (see 5.1.3 through 5.1.5)

(3) The type designation (see 5.3.11), for outdoor
enclosures only

5.4.2 Category A and B enclosures shall have ap-
propriate caution signs in accordance with the National
Electrical Code (ANSI/NFPA 70-1981).

5.4.3 The front and rear of all equipment enclosures,
not exceeding 15 ft (4.6 m) in length, having doors or
removable covers permitting access to high-voltage
compariments, shall be marked with a caution or warn-
ing sign. Longer equipment enclosures shall be so
marked at 15-ft (4.6-m) intervals,

5.4.4 Enclosures containing high voltages (over
600 V)shall be permanently marked by the manufac-
turer with an exterior warning, “High Voltage” or
“Warning — High Voltage.”

5.4.5 The operating voltages of exposed live parts
shall be permanently marked on the equipment.

5.4.6 Non-load-break devices shall be interlocked
or have a caution sign: “Warning — Do Not Open under
Load.”

5.4.7 Fuses that can be energized by backfeed shall
have a caution sign: “Warning — Fuses May Be Ener-
gized by Backfeed.” )

6. General Test Conditions

Except as modified for specific tests, the test condi-
tions shall be those prevailing at the test site.

7. Routine Test Requireinents

Each transformer manufactured for compliance with
this standard shall be subjected to the routine tests
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specified in ANSI/IEEE C57.12.00-1980 except as
modified by the applicable product standards. All such
tests are defined by and shall be made in accordance
with ANSI/IEEE C57.12.90-1980.

8. Conformance Test Requirements

8.1 General, The conformance tests listed in this sec-
tion shall be performed on a representative sample as
defined by Section 9, Certification Guidelines. The test
values shall be as specified in ANSI/IEEE C57.12.00-
1980 (in accordance with the unit rating), except as
noted. These tests shall be made in accordance with
ANSI/IEEE C57.12.90-1980, except as otherwise
noted, These tests shall be made in accordance with
ANSI/IEEE C57.12.90-1980, excepf as otherwise
noted. Each sample shall first be subjected to the
routine tests specified in Section 7, Routine Test
Requirements.

8.2 High-Voltage Impulse Test. An impulse test shall
be performed on the high-voltage winding(s) of the
transformer at the phase bushings.

8.3 Low-Voltage Impulse Test. An impulse test shall
be performed on the low-voltage winding(s) of the
transformer at the phase terminals.

8.4 Short-Circuit Test. A short-circuit test shall be
performed.

8.5 Temperature-Rise Test. A temperature-rise test
shall be performed.

AMERICAN NATIONAL STANDARD C57.12.13-1982

8.6 Radio-Influence-Voltage Test. A radio-influence
voltage test shall be performed in accordance with
NEMA TR 1-1980.

9. Certification Guidelines

9.1 Samples. Transformers from each design family,
based on winding design, capacity, internal connec-
tions, and clearances, shall be selected for certification.
The sample size is dependent on the number of units
required to demonstrate maximum electrical, me-
chanical, and thermal stresses to be realized by the con-
formance tests of Section 8 for the design family.

9.2 Treatment of Test Failures. Failures that occur
during or as a result of a conformance test should be
evaluated and corrections made prior to retesting. Any
such correction shall be evaluated for its effect on pre-
ceding tests,

9.3 Audit Procedure. After certification, the certify-
ing agency shall establish a monitoring frequency to
audit production. Modifications shall be reviewed by
the certifying agency to determine whether retest is
required.

9.4 Test Records. The manufacturer shall record and
retain the results of all calculations and tests required
for certification.
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A p pen d i X (This Appendix is not a part of American National Standard Conformance Requirements for Liquid-Filled
Transformers Used in Unit Installations, Including Unit Substations, ANSI C57.12.13-1982, but is included

for information purposes only.)

Conformance Guide for Insulating Systems and Materials for Liquid-Filled Transformers

Al. General

Al.1 Scope. This appendix covers conformance tests
and requirements for the insulation systems used in
liquid-filled distribution transformers to be used in
pad-mounted unit substations that may be exposed to
the public, and rated not greater than 2500 kVA, with
a primary voltage not exceeding 600 V. Insulating
liquids are limited to those specified in ANSI/ASTM
D3487-79, This appendix will be expanded to include
other insulating fluids as they become available.

All manufacturers seeking certification under this
guide should demonstrate that performance require-
ments have been met by performing the tests herein,
by submitting data from earlier tests, by exhibiting
proof of satisfactory field service, or by an appropriate
combination of these methods. Families of insulation

systems may be certified on the basis of tests performed

on one representative model.

Based on Paragraph 90-2(b)(5) of the National Elec-
trical Code, ANSI/NFPA 70-1981, this appendix is not
intended to cover “installations under the exclusive

control of electric utilities for the purpose of communi-

cation, or metering; or for the generation, control,
transformation, transmission, and distribution of elec-
tric energy located in buildings used exclusively by
utilities for such purposes or located outdoors on prop-
erty owned or leased by the utility or on public high-
ways, streets, roads, etc, or outdoors by established
rights on private property.”

A1.2 References. The insulation materials should con-
form to the latest revision of applicable industry stan-
dards except as otherwise indicated in this standard. In-
cluded among these standards are the following:

American National Standard Requirements for Trans-
formers 230 000 Volts and Below, 833/958 through
8333/10 417 kVA, Single Phase and 750/862 through
60 000/80 000/100 000 kV A Three Phase (includes
supplement ANSI C57.12.10a-1978), ANSI C57.12.10-
1977
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American National Standard Requirements for Over-
head-Type Distribution Transformers 67 000 Volts
and Below, 500 kVA and Smaller, ANSI C57.12.20-
1980

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Single-
Phase Distribution Transformers with High-Voltage
Bushings (High-Voltage, 34 500 GrdY/19 920 Volts
and Below; Low-Voltage, 240/120; 167 kVA and
Smaller), ANSI C57.12.21-1980

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Three-
Phase Distribution Transformers with High-Voltage
Bushings (34 500 GrdY/19 920 Volts and Below;
2500 kVA and Smaller), ANSI C57.12.22-1980

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Single-
Phase Distribution Transformers with Separable In-
sulated High-Voltage Connectors, High-Voltage 34 500
GrdY/19 920 Volts and Below; Low-Voltage, 240/120;
167 kVA and Smaller, ANSI C57.12.25-1981

American National Standard Requirements for Pad-
Mounted Compartmental-Type Self-Cooled Three-
Phase Distribution Transformers for Use with Separable
Insulated High-Voltage Connectors, High-Voltage,

24 940 GrdY/14 400 Volts and Below; 2500 kVA and
Smaller, ANSI C57.12.26-1975

American National Standard Terminal Markings and
Connections for Distribution and Power Transformers,
ANSI C57.12.70-1978

American National Standard Transformer Terminology,
ANSI C57.12.80-1978

American National Standard Method of Test for Ef-
fects of Construction Material on Uninhibited Elec-
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trical Insulating Oil of Petroleum Origin, ANSI/ASTM
D3455-78 :

American National Standard Specifications for Mineral
Insulating Oil Used in Electrical Apparatus, ANSI/
ASTM D3487-79

American National Standard General Requirements for
Liquid-Immersed Distribution, Power, and Regulating
Transformers, ANSI/IEEE C57.12.00-1980

American National Standard Test Code for Liquid-Im-
mersed Distribution, Power, and Regulating Transform-
ers and Guide for Short-Circuit Testing of Distribution
and Power Transformers, ANSI/IEEE C57.12.90-1980

American National Standard Test Procedure for
Thermal Evaluation of Oil-Immersed Distribution
Transformers, ANSI/IEEE C57.100-1972

American National Standard National Electrical Code,
ANSI/NFPA 70-1981

NEMA Standards Publication for Transformers, Reg-
ulators, and Reactors, NEMA TR 1-1980

Al.3 Definitions

A1.3.1 Accessory Devices. These devices include
load interruption devices, tap changers, series multiple
switches, liquid-level gages, thermometers, vacuum
pressure gages, etc.

A1.3.2 Families of Transformer Insulation Sys-
tems, A family of liquid-filled transformers insulation
systems is identified as follows:

(1) The internal parts (that is, turn to turn, layer
to layer, section to section, coil to coil) should be de-
signed so that they will not exceed a particular limit
in volts per mil under rated conditions (60 Hz and im-
pulse voltage insulation class). Specification of a new
design limit would create a new family of transformers.

(2) Redesign of a group of transformers to operate
at a different temperature (for instance, a2 change from
55°C rise to 65°C rise) would create a new family of
transformers.

(3) A new type of insulation would create a new
family of transformers.

A2, Materials Classifications

A2.1 Insulation, Insulation between primary and
ground, secondary and ground, secondary and core,
turn and turn, layer and layer, and coil and core.

A2.2 Miscellaneous Materials. Any other materials
that are exposed to oil or oil vapor not previously
included under insulation.
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AMERICAN NATIONAL STANDARD C57.12,13-1982

A2.2.1 Materials that have the potential for flak-
ing (such as hot-dip galvanized zinc coatings) or for
formation of conductive compounds (such as cadmium
and certain chloride-containing smoldering or brazing
fluxes) are precluded from use in direct contact with
oil or oil vapor.

A2.2.2 The materials used in accessory devices that
are exposed to oil or its vapors should meet the re-
quirements specified in A3.2 for miscellaneous materials.

A3. Requirements for Insulation

A3.1 New Families of Insulation Systems. New families
would include insulation systems and materials that
have not been used previously as insulation systems by
the given manufacturer, or have not been used previous-
ly in combination as insulation systems by the given
manufacturer, See A3.4 for recommended test require-
ments,

A3.2 Substitution of Closely Related Insulation Ma-
terials, The transformer manufacturer will bear the
burden of satisfying the certifier that data exist to
show that one material may be substituted for another
in an insulation system. In any case, the extent of test-
ing for functional life should not exceed one test at
one temperature in accordance with Section 6 of
ANSI/IEEE C57.100-1972.

A3.3 Decrease or Increase in Existing Insulating Ma-
terials. Where a significant decrease in insulation is
introduced, the test requirements for insulation sys-
tems (see A3.4) should be used. Where a significant
increase in insulation is introduced, the oil compatibil-
ity test should be used.

A3 .4 Insulation Tests

A3.4.1 The insulation components should meet
compatibility requirements as given in ANSI/ASTM
D3455-78.

A3.4.2 The insulating components should be
tested in representative transformers in accordance
with ANSI/IEEE C57.100-1972.

A3.4.3 Accessory devices containing insulation ma-
terials should be included in a “thermal test” in accor-
dance with ANSI/IEEE C57.100-1972 or should be
subjected to the same conditions of aging that have
been established for the family of transformers in
which they will be used. Simulated test conditions may
be acceptable. Accessories should be fully functional
after thermal tests, Families of insulation systems can
be certified on the basis of one transformer representa-
tive of that family.
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A4. Transformer Tests this conformance standard are adequate for proving
the continued acceptability of a proven insulation sys- .

A4.1 Conformance Tests (One-Time Tests) tem that has previously met conformance requirements.

A4.1.1 Conformance testing of the complete unit
should also be used to verify the integrity of the insula-
tion system when tested in accordance with Section 8
of this standard. AS. Audit Procedure

A4.,1.2 Additional conformance test requirements
for insulation systems are shown in Section A3 of this After certification, the certifying agency should estab-
appendix. lish a monitoring frequency to audit production. Modi-
A4.2 Routine Tests (Continuing Production Tests). fications should be reviewed by the certifying agency
The routine tests on production line units required by to determine whether retest is required.
28
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American National Standards in the C57 Series

ANSI/IEEE C57,12.00-1980 General Requirements for Liquid-
tmmersed Distribution, Power, and Regulating Transformers

ANS{/IEEE C57.12.01-1979 General Requirements for Dry-
Type Distribution and Power Transformers

ANS! C57.12.10-1977 Requirements for Transformers 230-000
Volts and Below, 833/958 through 8333/10 417 kVA Single-
Phase and 750/862 through 60 000/80 000/100 000 kVA
Three-Phase, including Supplement ANSI C57.12.10a-1978

ANSI/IEEE C57.12.11-1980 Guide for Installation of Oil-
Immersed Transformers, 10 MV A and Larger, and 69 kV to
287 kV Rating

ANSI/IEEE C57.12,12-1980 Guide for installation of Oil-
Immersed EHV Transformers 345 kV and Above

ANSI C57.12.13-1982 Conformance Requirements for Liquid-
Filled Transformers Used in Unit Installations, Including Unit
Substations

ANSI C57.12.20-1981 Requirements for Overhead-Type Dis-
tribution Transformers 67 000 Volts and Below; 500 kVA
and Smaller

ANSI| C57.12.21-1970 Requirements for Pad-Mounted, Com-
partmental-Type, Self-Cooled, Singie-Phase Distribution Trans-
formers with High-Voltage Bushings: High-Voltage, 34 500
GrdY/19 920 Volts and Below; Low-Voltage, 240/120 Volts;
167 kVA and Smaller

ANSI C57.12.22-1980 Requirements for Pad-Mounted, Com-
partmental-Type, Self-Cooled, Three-Phase Distribution Trans-
formers with High-Voltage Bushings: High-Voltage, 34 500
GrdY/19 920 Volts and Below; 2600 kVA and Smaller

ANSI C57,12.23-1978 Requirements for Underground-Type
Single-Phase Distribution Transformers with Separable Insu-
lated High-Voitage Connectors, 100 kVA and Smaller: High-
Voltage, 24 940 GrdY/14 400 Volts and Below; Low-Voltage
240/120

ANSI €57.12.24-1981 Requirements for Underground-Type
Three-Phase Distribution Transformers; 2600 kV A and Smalier;
High-Voltage, 24 940 GrdY/14 400 Volts and Below; Low-Volt-
age, 480 Volts and Below

ANSI C57,12.25-1981 Requirements for Pad-Mounted Com-
partmental-Type Self-Cooled Single-Phase Distribution Trans-
formers with Separable Insulated High-Voltage Connectors:
High-Voltage, 34 500, GrdY/19 920 Volts and Below: Low-
Voltage, 240/120 Volts and Below; 167 kVA and Smaller

ANSI €57.12.26-1975 Requirements for Pad-Mounted Com-
partmental-Type, Self-Cooled, Three-Phase Distribution Trans-
formers for Use with Separable Insulated High-Voltage Con-
nectors: High-Voltage, 24 940Grd¥Y /14 400 Voits and Below;
2500 kVA and Smaller

ANSI| C57.12,27-1982 Conformance Requirements for Liquid-
Filled Distribution Transformers Used in Pad-Mounted Installa-
tions, Including Unit Substations

ANSI C57.12,30-1977 Requirements for Load-Tap-Changing
Transformers 230 000 Volts and Below, 3750/4687 through
60 000/80 000/100 000 kVA, Three Phase

ANSI C57,12.40-1982 Requirements for Secondary Network
Transformers, Subway and Vault Types {Liquid Immersed}

ANSI C57.12.50-1981 Requirements for Ventilated Dry-Type
Distribution Transformers, 1 to 500 kV A Single-Phase and 15
to 500 kVA Three-Phase, with High-Voltage 601-34 500 Volts,
Low-Voltage 120-600 Volts

ANSI C57.12.51-1981 Requirements for Ventilated Dry-Type
Power Transformers, 601 kVA and Larger Three-Phase, with
High-Voltage 601 to 34 500 Volts, Low-Voltage 208Y/120 to
4160 Volts

ANS! C57.12.52-198T Requirements for Sealed Dry-Type
Power Transformers 501 kVA and Larger, Three Phase with
High-Voltage 601 to 34 5600 Volts, Low-Voltage 208Y /120 to
4160 Volts

ANSI C57,12,70-1978 Terminal Markings and Connections
for Distribution and Power Transformers

ANSI/IEEE C57,12.80-1978 Terminology for Power and
Distribution Transformiers

ANSI/IEEE C57.12.90-1980 Test Code for Liquid-lmmersed
Distribution, Power, and Regulating Transformers

ANSI/IEEE C57.12.91-1979 Test Code for Dry-Type Distribu-
tion and Power Transformers

ANSI/IEEE C57,13-1978 Reguirements for Instrument Trans-
formers

ANSI/IEEE C57.13.1-1980 Guide for Current Transformers

ANSI C57.15-1968 Requirements, Terminology, and Test
Code for Step-Voltage and {nduction-Voltage Regulators
ANSI C57.16-1958 (R1971) Requirements, Terminology, and
Test Code for Current-Limiting Reactors

ANS{ C57.17-1965 (R1978) Requirements for Arc Furnace
Transformers

ANSI/IEEE C57.21-1981 Requirements, Terminology, and
Test Code for Shunt Reactors Rated Over 500 kVA
ANSI/IEEE C57.91-1981 Guide for Loading Mineral-Oil-Im-
mersed Overhead and Pad-Mounted Distribution Transformers
Rated 500 kVA and Less-with 65°C or 65°C Average Winding
Rise

ANSI/IEEE C57.92-1981 Guide for Loading Mineral-Oil-Im-
mersed Power Transformers Up to and Including 100 MVA
with 55°C or 65°C Winding Rise

ANSI/IEEE C57.94-1981 Recommended Practices for Installa:
tion, Application, Operation, and Maintenance of Dry-Type
General-Purpose Distribution and Power Transformers
ANSI/IEEE €57.100-1974 Test Procedure for Thermal Evalu-
ation of Oil-Immersed Distribution Transformers

ANSI/IEEE C57,104-1978 Guide for the Detection and Deter-
mination of Generated Gases in Qil-lmmersed Transformers
and their Relation to the Serviceability of the Equipment
ANSI/IEEE C57.105-1978 Guide for Application of Trans-
former Connections in Three-Phase Distribution Systems
ANSI/IEEE C57.106-1977 Guide for Acceptance and Mainte-
nance of Insulating Oil in Equipment

Appendixes to C57 Standards

(Not approved as American National Standards)

C57.95 Guide for Loading Oil-lmmersed Step-Voltage and
Induction-Voltage Regulators, Appendix to C57.15-1968

C57.96 Guide for Loading Dry-Type Distribution and Power
Transformers, Appendix to C57.12 standards

C57.99 Guide for Loading Dry-Type and Qil-Immersed Cur-
rent-Limiting Reactors, Appendix to C57.16-1958 (R1971)
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