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in its standards.
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Introduction

(This introduction is not part of IEEE Std C57.12.32-2002, IEEE Standard for Submersible Equipment—Enclosure
Integrity.)

The Accredited Standards Committee on Transformers, Regulators, and Reactors, C57, has for a number of
years been developing and correlating standards on these products. The data used in this work have been
gathered from many sources, including the standards of the Institute of Electrical and Electronics Engineers
and the National Electrical Manufacturers Association, reports of committees of the Edison Electric Insti-
tute, and others.

This IEEE standard is a voluntary consensus standard. Its use becomes mandatory only when required by a
duly constituted legal authority or when specified in a contractual relationship. To meet specialized needs
and to alow innovation, specific changes are permissible when mutually determined by the user and the pro-
ducer, provided such changes do not violate existing laws and are considered technically adequate for the
function intended.

This standard was originally prepared by the Joint C57/C37 Working Group on Enclosures with J. Martin
and then R. C. Olen as chair. This group is now the Enclosure Integrity Working Group of the IEEE Trans-
formers Committee.

At the time this standard was completed, the Enclosure Integrity Working Group had the following
membership:
D. H. Mulkey, Co-Chair
R. C. Olen,Co-Chair

Joseph Carulli Ali Ghafourian Ronald J. Stahara
Jack Delk George Henry Alan Traut
Thomas Diamantis Joseph Martin Alan Wilks

Ken Elliott Carl Niemann Al Worland

Phillip Fahey H. Jin Sim Dan Ziolkowski

Edward Smith

The following members of the balloting committee voted on this standard. Balloters may have voted for
approval, disapproval, or abstention.

Samuel Aguirre Michael Hardin Dhiru Patel

David Aho George Henry Thomas Pekarek
Glenn Andersen Edward Horgan Paul Pillitteri
Edward Bertolini James D. Huddleston, 11l Robert Plaster
John Borst Gael Kennedy James Ruggieri
Tommy Cooper Donald Lowe James Smith
Jerry Corkran Gregory Luri Ronald J. Stahara
Michael Culhane William Maguire Ronald Stoner
Gary Engmann Fortin Marcel John Teixeira
Jorge Fernandez John Matthews Giuseppe Termine
Dudley Galloway Gary Michel Alan Traut
Eduardo Garcia Dan H. Mulkey Joseph Tumidajski
David Gilmer Ray Nicholas Alan Wilks
Randall Groves Robert Olen James Wilson

Ken Hanus Gerald Paiva Bill Wimmer
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When the IEEE-SA Standards Board approved this standard on 12 September 2002, it had the following
membership:
James T. Carlo,Chair
James H. Gurney,\Vice Chair
Judith Gorman, Secretary

Sid Bennett Toshio Fukuda Nader Mehravari
H. Stephen Berger Arnold M. Greenspan Daleep C. Mohla
Clyde R. Camp Raymond Hapeman William J. Moylan
Richard DeBlasio Donald M. Heirman Malcolm V. Thaden
Harold E. Epstein Richard H. Hulett Geoffrey O. Thompson
Julian Forster* Lowell G. Johnson Howard L. Wolfman
Howard M. Frazier Joseph L. Koepfinger* Don Wright

Peter H. Lips

*Member Emeritus
Also included are the following nonvoting IEEE-SA Standards Board liaisons:
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IEEE Standard for Submersible
Equipment—Enclosure Integrity

1. Overview

1.1 Scope

This standard covers conformance tests and requirements for the integrity of carbon steel and copper bearing
steel submersible electrical enclosures intended for installation in submerged or partially submerged
environments. These enclosures contain apparatus energized in excess of 600 V (with the exception of
network protectors) that may be exposed to the public, including but not limited to, the following types of
equipment enclosures:

a) Submersible distribution transformers
b) Submersible network transformers

c) Submersible network protectors

d) Submersible switchgear

e) Submersible capacitors or inductors
f)  Submersible junction enclosures

g) Submersible metering equipment

1.2 Purpose

The purpose of this standard is to describe the requirements for a comprehensive integrity system for
submersible enclosures providing long field life with minimum maintenance.

2. References

This standard shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the revision shall apply.

ASTM A242-01, Standard Specification for High-Strength Low-Alloy Structural $teel.

IASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).

Copyright © 2003 IEEE. All rights reserved. 1
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ASTM Ab588-01, Standard Specification for High-Strength Low-Alloy Structural Steel with 50 ksi [345
MPa] Minimum Yield Point to 4-in [L00 mm] Thick.

ASTM B117-97, Standard Practice for Operating Salt Spray (Fog) Apparatus.
ASTM D714-87 (2000), Standard Test Method for Evaluating Degree of Blistering of Paints.

ASTM D1654-92 (2002), Standard Test Method for Evaluation of Painted or Coated Specimens Subjected
to Corrosive Environments.

ASTM D2794-93 (2000-e1), Standard Test Method for Resistance of Organic Coatings to the Effects of
Rapid Deformation (Impact).

ASTM D3170-01, Standard Test Method for Chipping Resistance of Coatings.
ASTM D3359-02, Standard Test Methods for Measuring Adhesion by Tape Test.
ASTM D3363-00, Standard Test Method for Film Hardness by Pencil Test.

ASTM D4587-01, Standard Practice for Fluorescent UV-Condensation Exposures of Paint and Related
Coatings.

ASTM G154-00 (ael), Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of
Nonmetallic Materials.

NACE RP 01 88-99, Discontinuity (Holiday) Testing of New Protective Coaﬁngs.

SAE J400-2001, Test for Chip Resistance of Surface Coé‘tings.

3. Definitions

For the purposes of this standard, the following terms and definitions apply. IEEE[B8] should be
referenced for terms not defined in this clatise.

3.1 carbon steel:A steel containing only residual quantities of elements other than carbon, except those
added for deoxidation or to counter the deleterious effects of residual sulfur. Silicon is usually limited to
about 0.60% and manganese to about 1.65%. Also termed plain carbon steel, ordinary steel, or straight
carbon steel. See Bringas and Wayman [B7].

3.2 conformance tests:Certain performance tests are conducted to demonstrate compliance with the
applicable 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 margins (capabili-
ties) beyond the standard requirements is unnecessary.

2NACE standards are available from National Association of Corrosion Engineers, PO Box 218340, Houston, TX 77218.

SSAE publications are available from the Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096, USA
(http://www.sae.org/).

“The numbers in brackets correspond to those of the bibliography in Annex B.

2 Copyright © 2003 IEEE. All rights reserved.
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3.3 copper bearing steelCarbon steel with approximately 0.15% carbon, 0.05% maximum sulfur, and a
minimum of 0.2% copper content, exhibiting a minimum vyield strength of 345 MPa and suitable for
welding.5ASTM A242-01 and ASTM A588-01 describe such steels in detail. Also known as copper iron.

3.4 design testsTests made by the manufacturer to determine the adequacy of the design of a particular
type or model of equipment or its component parts in order to meet its assigned ratings and to operate
satisfactorily under normal conditions and under special conditions if specified. These tests may be used to
demonstrate compliance with applicable standards of the industry.

NOTE—Design tests, sometimes called type tests, are made on representative apparatus or prototypes to verify the
validity of design analysis and calculation methods and to substantiate the ratings assigned to all other apparatus of basi-
cally the same design. These tests may also be used to evaluate the modification 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 performance.

3.5 dry thickness:Thickness of any applied coating(s) measured after curing.

3.6 Harrison’s solution: Harrison’s solution is made by dissolving 3.5 g ammonium sulfate and 0.05 g
sodium chloride in 1 L of potable tap water.

3.7 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.”

3.8 submersible enclosureAn enclosure containing electrical apparatus, typically located outdoors below
grade level where the general public has direct contact with the vault or containment vehicle and not
necessarily direct contact with the exterior surfaces of the equipment proper. The general construction of this
equipment shall be such that authorized personnel may obtain access to the apparatus inside the equipment
containment. Equipment that is below grade is intended for use at or below the high water line and can be
considered to be totally submerged.

4. Enclosure design and coating system requirements

4.1 Enclosure design requirements objective

The objective of this clause is to describe the corrosion resistance requirements of carbon steel and copper
bearing steel submersible enclosure systems for below grade environments. Other performance requirements
may be needed to provide long field life in other environments.

4.1.1 Accessibility

The enclosure shall be designed such that all exterior surfaces are accessible for proper surface preparation
and the application of a uniform amount of the coating materials. Additionally, all exterior surfaces of the

5345 MPa = 50 000 psi
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enclosure shall be accessible for the purposes of inspection and maintenance of the enclosure over the life of
the equipment.

4.1.2 Contaminant accumulation

The enclosure shall be designed to shed water and minimize areas where corrosive elements can accumulate
(such as in and around cooling tubes).

4.1.3 Weld surface preparation

All welds shall be treated to prepare the weld area and the heat-affected zones for coating. Weld spatter shall
be removed. All welds shall be made in accordance with appropriate industrial welding standards.

4.2 Substrate requirements

The substrate shall be a material which, when coated or otherwise processed, will maintain the structural
integrity of the enclosure over the life of the apparatus.

4.3 Coating system requirements
4.3.1 General

All coated surfaces on the exterior of the enclosure that may be exposed to the environments shall be ca-
pable of meeting the performance tests required by this standard.

4.3.2 Specification of coating characteristics

If more than one coating system is used for different areas of the enclosure, the areas in which each is used
shall be identified. The laboratory test performance data of each coating system shall be identified and
submitted for approval upon request. This data shall be resubmitted whenever there are changes in the
method and/or materials.

4.3.3 Coating touch-up prior to shipment

Touch-up, when required, shall be done at final inspection before any equipment is shipped. In areas where
the integrity of the coating system is violated, the touch-up system shall blend smoothly and meet all
performance criteria of the original coating system.

4.3.4 Holiday test

All coated surfaces on the exterior of each enclosure shall be certified to be free of holidays or disconti-
nuities when tested in accordance with NACE RP 01 88-99.

4.4 Coating system test specimens

Test specimens shall consist of panels of the same material composition used in production. Test specimens
shall be in accordance with Figure A.1, Figure A.2, and Figure A.3 as to size and type. Quantity and type of
panels in each test are identified under the specific test. All panels shall be cleaned, coated, and cured using
the production coating system. Coated test panels shall be conditioned at room temperature and humidity for
a minimum of 7 days prior to any testing.

4 Copyright © 2003 IEEE. All rights reserved.
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4.5 Coating system performance requirements
4.5.1 Cross hatch adhesion test

One coated panel, per Figure A.2, shall be scribed to bare metal in accordance with ASTM D3359-02.
Method A shall be used for films thicker than 0.13 fktethod B shall be used for films less than or equal

to 0.13 mm’. There shall be 100% adhesion to the substrate and between layers. A rating of 5A for method A
and 5B for method B per ASTM D3359-02 is required.

4.5.2 Impact test

One coated panel per Figure A.2, at =7 °C + 2 °C panel temperature, shall be impacted on a concrete floor
per ASTM D2794-93 at a value of 9.0 Joules (9.0 newton meters) utilizing an indenter with a diameter of
12.70 mm2°19 The impacted test panel shall be exposed to 24 hours of salt spray per ASTM B117-97.
There shall be no red rust visible in the impact (intrusion) area of the panel.

4.5.3 Insulating fluid resistance test (for liquid filled units only)

Partially immerse one coated panel, per Figure A.2, in the insulating liquid for 72 hours, at 100 °ct105 °C.

On the immersed portion of the panel there shall be no loss of adhesion, per ASTM D3359-02, no blisters,
no streaking, and no more than one pencil hardness change when tested in accordance with ASTM D3363-
00. Any color change shall be noted.

4.5.4 Soak test

Partially immerse one coated panel, per Figure A.1, into Harrison’s solution maintained at 65 °C for 1000
hours!? Allow the panel to cool to room temperature and dry off. On the immersed portion of the panel there
shall be no blisters and no more than one pencil hardness change when tested in accordance with ASTM
D3363-00.

4.5.5 Ultraviolet accelerated weathering (QUV) and simulated corrosive atmospheric break-
down (SCAB)

Three coated panels, per Figure A.1, shall be prepared and tested in accordance with the procedure de-
scribed in Annex A. The scribe shall be prepared for evaluation using ASTM D1654-92 procedure A, method
2. Upon completion of 20 cycles of SCAB, the scribe shall be divided into 6 mm zones and the worst spot in
each zone shall be evaluated by measuring the amount of creepage along the scribe line (except the first
6 mm of the scribe at each end of the scribe fiéfThe average of the 14 readings shall be rated per
ASTM D1654-92, Table 1. After a rating has been set for each of the three panels, the average rating of the
three panels shall not be less than a 6 rating. The area away from the scribe shall have no blisters.

60.13 mm = 5 mils (.005 in)

7See footnote 5
8.7°C+2°C=20°F+4°F

99.0 newton meters = 80 inch-pounds force
1012.70 mm = 0.500 in

11900 °C-105 °C = 212 °F-221 °F

1%65 °C = 148 °F

s mm=0.25in

143ee footnote 13.
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4.5.6 Thermal cycle test

One coated panel, per Figure A.1, shall be exposed to thermal cycling for four weeks. Place test panels into
a 130 °C oven for 8 hours and followed by 16 hours at 254€This cycle is to be repeated each weekday
(Monday through Friday). Maintain test panel temperature at 18ioweekends (Saturday and Sunday).

Upon completion of the test, expose the panel to 24 hours of salt spray per ASTM B117-97. There shall be
no blistering and no red rust visible on the panel.

4.5.7 Gravelometer test
Two panels, per Figure A.3, are to be tested per ASTM D3170-01 at room temperature using 410 kPa gauge
air pressurér.8 Expose the test panels for 24 hours in salt spray per ASTM B117-97. Remove from salt spray,

rinse and dry panels. Evaluate panels per SAE J400-2001 for quantity and size of rusted chipped areas.
Minimum rating shall be 7B per SAE J400-2001.

5. General

5.1 Shipment

The manufacturer shall provide a method of shipment that will allow the enclosure to be received by the
purchaser such that it still meets the performance tests required by this standard.

5.2 Coating repair procedure

The manufacturer shall recommend a coating system repair procedure.

5.3 Installation—maintenance of coating integrity

The manufacturer shall provide a means, preferably as an inherent part of the enclosure, to minimize
scratching of the coating on the base of the enclosure during handling and installation.

15130 °C = 266 °F
165°C =77 °F

17see footnote 15.
18410 kPa = 60 psi

6 Copyright © 2003 IEEE. All rights reserved.
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Annex A

(informative)

QUV and SCAB procedure

a) The three panels prepared per 4.4 and evaluated per 4.5.5 are to be tested per ASTM D4587-01 QUV
for 504 hours. Test equipment with FS-40 bulbs and the cycle set for four hours ultraviolet at
60 °C + 2 °C followed by four hours condensation at 50 °C + 2 °C is to bé U8&Np evaluation is
necessary after test as this is a conditioning step.

b) Scribe the panels in accordance with ASTM D1654-92 and as shown in Figure A.1.

c) Place the test panel (scribed side facing up) in a plastic or wood rack with the scribe line in a vertical
position. The rack shall hold the panels at a 15-degree (+ 5 degree) angle from the vertical. Multiple
panels in the test rack should not touch one another.

d) Expose the panels for the specified number of cycles. (One weekday equals one cycle.)

1) Mondays only
i) One hour in oven at 60 °C + 2 ¢,
i) 15 minin freezerat-23 °C £ 2 € Panel should be transferred into freezer within 1 min
after removal from the oven.
iiiy Remove the panels from the freezer and immerse in a 5% NacCl solution for 15 min. The
NacCl solution should be at room temperature. The panel transfer time from freezer to the
NaCl immersion should be less than 1 min.
iv) Remove from NaCl bath and let hang in room temperature and humidity atmosphere for
1 hour, 15 min.
v) Place panelin 60 °C + 2 2&and 85% + 3% relative humidity cabinet for 21 hours.
2) Tuesday through Friday
i) Test panels to be immersed in 5% NacCl solution for 15 min. The NaCl solution should be
at room temperature.
i) Allow the test panels to age at room temperature and humidity for 1 hour, 15 min.
iiiy Place the test panels in 60 °C + 2%cand 85% + 3% relative humidity cabinet for
22 hours, 30 min.
3) Saturdays and Sundays: Leave the test panel in the humidity cabinet at 60 °&5 arX°85%
relative humidity.
4) Monday (last day): Remove the test panels from the humidity cabinet and evaluate per 4.5.7.

190 °C+2°C =140 °F +4 °F
2050°C+2°C=122°F+4°F
21gee footnote 18.

22 23°C+2°C=-10°F+4°F
233ee footnote 19.

243ee footnote 19.

253ee footnote 19.

Copyright © 2003 IEEE. All rights reserved. 7
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SEE NOTE 4 —SEE NOTE 1
—\\ SEE NOTE 2
152° ‘L /
mm
T — RRRXLIRIR) dq
mm

B |e-sommo /
. 76°mm SEE NOTE 3

Footnotes:
a-0.5inch, b-2inches, ¢ -3inches, d -6 inches

Figure A.1—Corrosion paint test panel

XSEE NOTE 1

O

-
(3]
N

|<—76°mm—>| /-
SEE NOTE 3

Footnotes:
¢ -3inches, d-6inches

Figure A.2—Plain paint test panel

8 Copyright © 2003 IEEE. All rights reserved.
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YSEE NOTE 1

o

——tovmm—| f

SEE NOTE 3

Footnotes:
e -4 inches, f-8inches

Figure A.3—Gravelometer paint test panel

NOTES

1—Hole can be placed in panel for hanging for paint operations if required. Locate centered on short dimension and
3 mm to edge of hole on long dimension. Recommended maximum hole size 14 mm diameter.

2—Weld head to be the same type metal composition as the panel. Weld bead to be 6 mm wide and 3 mm high.

3—Test panels shall be made from typical production stock of the same material type and thickness used in the construc-
tion of the device for which the specified test is intended.

4—Scribe per ASTM D1654-92 across weld approximately 100 mm scribe length.

Copyright © 2003 IEEE. All rights reserved. 9
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2™The standards or products referred to in Annex B are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

10 Copyright © 2002 IEEE. All rights reserved.
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