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Important Notices and Disclaimers Concerning IEEE Standards Documents

[EEE documents are made available for use subject to important notices and legal disclaimers. These notic-
es and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.iecee.org/IPR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Asso-
ciation (“[EEE-SA™) Standards Board. [EEE (“the Institute™) develops its standards through a consensus de-
velopment process, approved by the American National Standards Institute (“ANSI), which brings together
volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not neces-
sarily members of the Institute and participate without compensation from [EEE. While IEEE administers the
process and establishes rules to promote fairness in the consensus development process, IEEE does not inde-
pendently evaluate, test, or verify the accuracy of any of the information or the soundness of any judgments
contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in 1ts standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, I[EEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard 1s wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, [EEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor 1s IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care 1n any given circumstances or, as appropri-
ate, seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUTNOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN
[F ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH
DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that 1s not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of [EEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertain-
ing to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments. Since IEEE standards represent a consensus
of concerned interests, it is important that any responses to comments and questions also receive the concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating Committees are not able to provide an instant response to comments or questions except in those cases
where the matter has previously been addressed. For the same reason, [EEE does not respond to interpretation
requests. Any person who would like to participate in revisions to an IEEE standard i1s welcome to join the
relevant [EEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of [EEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any [EEE Standards document does not imply compliance to any applicable regulatory require-
ments. Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that 1s not in comphance
with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the pro-
motion of engineering practices and methods. By making these documents available for use and adoption by
public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Ser-
vice, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of
any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time by
the issuance of new editions or may be amended from time to time through the 1ssuance of amendments, corri-
genda, or errata. An official [IEEE document at any point in time consists of the current edition of the document
together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard 1s subjected to review at least every 10 years. When a document 1s more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at http://ieeexplore.iece.org/ or
contact I[EEE at the address listed previously. For more information about the [IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.1eee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter 1s willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair discrim-
ination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not re-
sponsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or 1n any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the valid-
ity of any patent rights, and the risk of infringement of such rights, 1s entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 45.6-2016, [EEE Recommended Practice for Electrical Installations on Ship-
board—Electrical Testing,

The IEEE Std 45™ series comprises nine recommended practices addressing electrical installations on ships
and marine platforms. IEEE Std 45.6 provides a recommended practice for electrical testing of shipboard elec-
trical power systems, including: ac power systems, dc power systems, emergency power systems, shore pow-
er, power quality and harmonics, electric propulsion and maneuvering systems, motors and drives, thrusters,
and steering systems intended for use with the IEEE Standard 45 series of documents. The topics covered in
this document should be considered from the beginning of the project and throughout the design and construc-
tion processes, and thereby should facilitate the integration of electrical systems at the shipyard level.

Previous editions of IEEE Std 45 were developed as single documents addressing all areas. On 9 June 2003,
Project Authorization Request (PAR) 45 for the Revision of IEEE Std 45-2002 was approved and the revision
of IEEE Std 45 as a single document began. It soon became apparent that attempting to cover all 1ssues 1n a
single document would produce a document that was very large and therefore difficult to ballot due to the wide
range of issues needed to be addressed. [n September 2008 it was decided that the revision of IEEE Std 45
should be developed as a base document with separate documents addressing specific areas.

On 10 December 2008, separate PARs were approved for seven separate recommended practices. Additional
PARs, approved on 11 September 2009 for switchboards and 9 December 2009 for cable systems, bring the
total number of standards in the IEEE Std 45 series to nine, including:

— [EEE P45™, [EEE Recommended Practice for Electrical Installations on Ships
IEEE P45.1™, [EEE Recommended Practice for Electrical Installations on Shipboard—Design
— IEEE Std 45.2™-2011, IEEE Recommended Practice for Electrical Installations on Shipboard—Con-

trols and Automation

— IEEE Std 45.3™-2015, IEEE Recommended Practice for Shipboard Electrical Installations—Systems

Engineering

IEEE P45.4™_ [EEE Recommended Practice for Electrical Installations on Shipboard—Marine Sec-
tors and Mission Systems

IEEE Std 45.5™-2014, IEEE Recommended Practice for Electrical Installations on Shipboard—Safe-
ty Considerations

IEEE P45.6™, IEEE Recommended Practice for Electrical Installations on Shipboard—Electrical
Testing

— IEEE Std 45.7™-2012, IEEE Recommended Practice for Electrical Installations on Shipboard—AC
Switchboards

— IEEE P45.8™, I[EEE Recommended Practice for Electrical Installations on Shipboard—Cable
Systems

7

L) = i &% Mmmd = 1 & 0 = | B |



Contents

L. VI VIEW ettt ettt e et e e e e e s eae e e e ee e s e e e e e eea e s aeee s eaa s aeseeenn e abeeaaeae e nnaaaae e e et s nnaeaeeennnnnneaeeseennnnnens 9
I 1o TSSO PP SOURRTURRRRPOPRPRRRRRPPS 9
O L Ty o 0 L OO URRROURUPRT 9

1.3 Equipment construction, testing, and certifiCation...........ooiviiiiiiiiiiiiiiii e e
1.4 Application of various national and international standards ..............cceeviinneen,

LR

o

LA (6] w0 5 LR A A = =1 L) 0 =)0 o 1 USSR 10

R B 1S 1 1) 4 TSRS 12

B, BIIETAL coeieiiee e iri e eeseeeess s saee s sssnssnsssnssssassssasnssasesnssnsesnsssnsssssenssssesssssssssnsessnssnesnsssnnsssessssensesnsennernres

LR ]:3

. N W I S A L0018 oottt ee ettt e e et et e e en e eas e e e s s eeese s e aeae e e eam e e e an e e e e an s e enamem e e se e aese s e ea e e s e e ns e e anennanenn 15

. .
T B 1 |

FEFEAEAEEFI I B EFFR AT I fs

5.2 GENETALITIZ SCES .oiiiiectiiiiee e i eetee e e s eett s ee e e e e saetreee e e s sanee s eeeaessasaeeee e e asaaeeeeaassanaaasaas s nnnsasasennnnsasasssrnnnsns 16
5.3 SWICHDOATAS ..o et e e e s ee e e et a e e e e e et e e e e een et e te e e nnnaaaeeeennnnne 16
BB s L1 0] 0] () S E SRS USPRSROR 17
5.5 CONTIOL APPATALUS ..ooiinii ittt e et st eeaaetttea s seaassabe e s ees e aeesssnn s easssnsaseansssnsessnnsssnnseennnnss 23
5.6 Motors, generators, and CONITOIIETS ...uviii e ee e s s saaae s see e aae st s e snneaassssnnsns

5.7 BIAKES ...ttt ettt e eea b e b b r e n e e e snnteens
5.8 Magnetic fTICtIon CIULCRES .......ooieeee ettt e e e e e s s e e e e e 29
5.9 DiSrIDULION EQUIPITIEIIE. .. ceesiiitiieieieeeeeietiin e e e eeeatrssasseseeaeessanssssns s seeessesssssssseasseessnsssnsnnsssessnsssnssnsseeseees 29

5.10 Galley equIPIMENT ....oviiiiiciiieeeis et e et e e et eseessraaneneeeasas

S5.12 SHOTAZE DATEETIES ..veeiiieieeieiitiee e eee e e er et e e e e e ees e s esbe s s aaeseeee e e esssnnnssaneesaaasseses snbssanseeesessenansssnnnnes 30
5.13 Marine shipboard CaADLE .........ooiv it e e e ee e s erae e e e e e s aaae e e eeessaaneeeeeennnans 30

5.14 Fire detection, alarm, and sprinkler SYSIEMS......oovvvvvereiiiiinreeieesiininneeeeenns

5.15 Electric propulsion and maneuvering SYSIEIMS.....coovueiieeeirieiiiiiieeeiiieeeeessnssessssseessssseseesssssssessssssases 3 1

5.16 CommuniCation SYSTEIMIS ....vvveiiiiiieireeeetiriirieesssirrreessessirreesessssssnresseasns

5,17 SHEOTINE SYSLRIMIS .....uieeieieeceete e e eeceteeeeeeeeraaaeaeeerrnsaeeeeassssnseeeeeessasseeaeeeeesnnsseeseeaannnnseeseeaassnneeeeeaansnns 32
S 18 CONIIOL SYSTRITIS ... iiiei it iee e eet e eeee e e st e eaeaesaaesss s e eaeaesensssnnsaraaasseasnsssnseseessnsnssnnsssnnnseeesnnns 32

5.19 Emergency electrical SYStemsS......oooovviiiiiieiiiiiiiis s
5.20 Electric heating SYSEIMS .....vvuiiiiiiiriiieeiiiiiiees s issinreeessssssereseesssssssssssesssssssses

Irrrrv.rrrv'lrrr:s:a

" LR
lrrrr1l.rvr1..rrr1.lrr':3:3

S5.2] Baltery SYSICINIS 1iiieituuuueeiiiiiienrteeessinsssaesessrsssresesessssssesaessssrasssseesesssssssssesassssnssssensssnsssssssmsssnsesssssmnnsns 33

6. EXISUNG INSTAILATIONS ..ottt et et sie e ir e eeaesssssss e teeasessaes s ssseeeees sensssnnssanssssassssssssseeessnnsssnnssnn

Annex A (Informative) Biblographiy.... ... e e e rr e e e e e e e rnaarna s 36

8

L) = i &% Mmmd = 1 & 0 = | B | 1



IEEE Recommended Practice
for Electrical Installations on
Shipboard—Electrical Testing

1. Overview

1.1 Scope

The recommendations for electrical testing for power generation, distribution, and electric propulsion systems
installed shipboards are established by this document. These recommendations reflect the present day technol-
ogies, engineering methods, and engineering practices.

This document 1s intended to be used in conjunction with the IEEE Std 45™ series.

1.2 Purpose

The main purpose of this recommended practice is to provide a consensus of recommended testing practices
in the unique field of marine electrical engineering as applied specifically to ships, shipboard systems, and
equipment (including maritime platforms).

1.3 Equipment construction, testing, and certification

Electrical apparatus and equipment should be constructed and tested in accordance with the requirements of
appropriate national and international equipment standards. Standards specifically addressing marine require-
ments should be used whenever applicable. Many appropriate standards are referenced in this document. All
electrical equipment should be tested and certified, with labeling and follow-up services (1.e., listed) by a rec-
ognized independent laboratory acceptable to the authority having jurisdiction.

1.4 Application of various national and international standards

Special precautions must be exercised when mixing equipment designed to different national and international
standards.

CAUTION

It 1s recognized that various national and international standards for equipment and installations are not
identical. However, 1t 1s recognized that mixing of standards 1s occasionally necessary. Therefore, the appli-
cation of any of these standards is the choice of the user, authority having jurisdiction, and/or classification
society.
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IEEE Std 45.6-2016
IEEE Recommended Practice for Electrical Installations on Shipboard—Electrical Testing

Coordination of different equipment design and testing standards, construction ratings, installation methods,
and performance must be carefully analyzed.

2. Normative references

The following referenced documents are indispensable for the application of this document (1.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document 1s
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

API RP 14F, Recommended Practice for Design and Installation of Electrical Systems for Offshore Produc-
tion Platforms.’

API Std 541:2014-12, Form-Wound Squirrel-Cage Induction Motors—>500 Horsepower and Larger.
CSA 22.2 No. 245: 2015, Marine Shipboard Cable.”
[EC 60034-1, Rotating electrical machines—Part 1: Rating and performance.’

IEC 60034-2-1, Rotating electrical machines—Part 2—1: Standard methods for determining losses and effi-
ciency from tests (excluding machines for traction vehicles).

[EC 60034-27, Rotating electrical machines—Off-line partial discharge measurements on the stator winding
insulation of rotating electrical machines.

[EC 60060-2, High-voltage test techniques—Part 2: Measuring systems.

[EC 60068-2-1, Environmental testing—Part 2-1: Tests—Test A: Cold.

[EC 60068-2-2, Environmental testing—Part 2-2: Tests—Test B: Dry Heat.
[EC 60068-2-30, Environmental testing—Part 2: Tests—Damp heat, cyclic.
[EC 60068-2-52, Environmental testing—Part 2: Test methods.

[EC 60068-2-6, Environmental testing—Part 2.

[EC 60270, High-Voltage Test Techniques—Partial Discharge Measurements.

IEC 60439-1, Low-voltage switchgear and control gear assemblies—Part 1: Type-tested and partially
type-tested assemblies.

[EC 60664-4, Insulation coordination for equipment within low-voltage systems—Part 4: Consideration
high-frequency voltage stress.

[EC 60947, Low-Voltage Switchgear and Controlgear.

' APl publications are available from the American Petroleum Institute (http://www.api.org/~/media/files/publications/whats%20
new/541_e53%20pa.pdf)

ACSA 22.2 No. 245; 2015, Marine Shipboard Cable is available from the Canadian Standards Association (http://standards. globalspec.
com/std/83857/csa-c22-2-no-2435)

IEC publications are available from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036,
USA (http://www.ansi.org/).
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IEEE Std 45.6-2016
IEEE Recommended Practice for Electrical Installations on Shipboard—Electrical Testing

[EC 61000-4-2, Electromagnetic compatibility (EMC)—Part 4-2: Testing and measurement techniques—
Electrostatic discharge immunity test.

[EC 61000-4-5, Electromagnetic compatibility (EMC)—Part 4-5: Testing and measurement techniques—
Surge immunity test.

[EC 61000-4-6, Electromagnetic compatibility (EMC)—Part 4-6: Testing and measurement techniques—Im-
munity to conducted disturbances, induced by radio-frequency fields.

[EC 61934, Electrical insulating materials and systems—Electrical measurement of PD under short rise time
and repetitive voltage impulses.

[EC 61960, Secondary cells and batteries containing alkaline or other non-acid electrolytes—Secondary lithi-
um cells and batteries for portable applications.

[EC 62133, Secondary cells and batteries containing alkaline or other non-acid electrolytes—Safety require-
ments for portable sealed secondary cells, and for batteries made from them, for use in portable applications.

[EC 62271-1, High-Voltage Switchgear and Controlgear, Part 1: Common Specifications (ETD &: High Volt-
age Switchgear and Controlgear).

[EC 62271-100, High-Voltage Switchgear and Controlgear, Part 100: High-voltage alternating-current
circuit-breakers.

IEC 62271-106, High-Voltage Switchgear and Controlgear, Part 106: Alternating current contactors, contac-
tor-based controllers and motor-starters.

[EC 62271-200, High-Voltage Switchgear and Controlgear, Part 200: AC metal-enclosed switchgear and con-
trolgear for rated voltages above 1 kV and up to and including 52 k'V.

IEEE Std C37.20.1™, [EEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.™
IEEE Std C37.20.2™_ [EEE Standard for Metal-Clad Switchgear.

IEEE Std 43™, [EEE Recommended Practice for Testing Insulation Resistance of Electric Machinery.

[EEE P45.1 (Dratt 1.0, June 2015), Prime movers."

[EEE Std 45.8™_ [EEE Recommended Practice for Electrical Installations on Shipboard—Cable Systems.
[EEE Std 112™_ [EEE Standard Test Procedure for Polyphase Induction Motors and Generators.

IEEE Std 113™_ [EEE Test Procedures for Direct-Current Machines.

IEEE Std 115™_ [EEE Test Procedures for Synchronous Machines Part I-—Acceptance and Performance Test-
ing Part II—Test Procedures and Parameter Determination for Dynamic Analysis.

[EEE Std 400™, [EEE Guide for Field Testing and Evaluation of the Insulation of Shielded Power Cable
Systems.

'IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA
(http://standards.ieec.org/).

"The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
"This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For
information about obtaining a draft, contact IEEE.
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IEEE Std 45.6-2016
IEEE Recommended Practice for Electrical Installations on Shipboard—Electrical Testing

[EEE Std 450™, IEEE Recommended Practice for Maintenance, Testing, and Replacement of Vented
Lead-Acid Batteries for Stationary Applications.

[EEE Std 841™, [EEE Standard for Petroleum and Chemical Industry—Premium-Efficiency, Severe-Duty,
Totally Enclosed Fan-Cooled (TEFC) Squirrel Cage Induction Motors—Up to and Including 370 kW (500

hp).

[EEE Std 1106™, [EEE Recommended Practice for Installation, Maintenance, Testing, and Replacement of
Vented Nickel-Cadmium Batteries for Stationary Applications.

IEEE Std 1188a™, [EEE Recommended Practice for Maintenance, Testing, and Replacement of Valve-Regu-
lated Lead-Acid (VRLA) Batteries for Stationary Applications—Amendment 1: Updated VRLA Maintenance
Considerations.

IEEE Std 1434™_ TEEE Guide to Measurement of Partial Discharges in Rotating Machinery.

[EEE Std 1580™, I[EEE Recommended Practice for Marine Cable for Use on Shipboard and Fixed or Floating
Facilities.

IEEE Std 1657a™, IEEE Recommended Practice for Personnel Qualifications for Installation and Mainte-
nance of Stationary Batteries—Amendment 1: Updated Safety Sections Lead-Acid Batteries for Stationary
Applications.

[ES RP-12: 1998, Recommended Practice for Marine Lighting,’

MIL-R26, 1993, US Military Specification for wire wound resistors.®

NEMA MG 1: 2014, Motors and Generators.”

NEMA WC 54 (ICEA T-26-465): 2013, Guide for Frequency of Sampling Extruded Dielectric Power, Con-
trol, Instrumentation, and Portable Cables for Test.

UL 1309, Standard for Marine Shipboard Cable."
UL 1558, Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.
UL 347, Medium-Voltage AC Contactors, Controllers, and Control Centers.

UL 891, Switchboards.

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause. "

factory acceptance test (FAT): A component or system operational and functional test conducted at the place
of manufacture prior to shipping to the customer.

'IES RP 12 Standard is available from the [lluminating Engineering Society of North Amenica (http://standards.globalspec.com/
std/6 18052/ 1es-rp-12).

"MIL-SPEC: Military specifications, standards, and handbooks are available at http://everyspec.com/MIL-STDY/

"NEMA publications are available from the National Electrical Manufacturers Association (http://www.nema.org/pages/default.aspx).
"L publications are available from Underwriters’ Laboratories (http://ulstandards.ul.com/).

"WEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org.
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4. General

Occupational Safety and Health Administration (OSHA) regulations and the National Fire Protection Associ-
ation (NFPA) T0E® Standard for Electrical Safety in the Workplace® [B11]"* provide the requirements for the
safe use of test equipment. For example, NFPA 70E 110.4 states, “Only qualified persons shall perform tasks
such as testing, troubleshooting, and voltage measuring within the limited approach boundary of energized
electrical conductors or circuit parts operating at 50 volts or more or where an electrical hazard exists.” OSHA
1910.333(b)(2)(1v)(B) [B13] states, ““A qualified person shall use test equipment to test the circuit elements
and electrical parts of equipment to which employees will be exposed and shall verify that the circuit ele-
ments and equipment parts are deenergized.” IEEE Std 45.5-2014 [B7], along with ANSI S82.02 [B1], CAN/
CSA-C22.2 [B2],IEC 60204-1 [B3], 60204-11 [B4], and IEC 61010 [B5] also provide important safety rules
for the use of electrical test equipment.

After the electric installation 1s complete, the entire electric plant should be thoroughly inspected and tested
at the dock prior to proceeding to sea trails. Tests are intended to determine general equipment condition and
to confirm that the installation of electrical systems and equipment is in a satisfactory and acceptable state at
the time of completion. These tests should be in addition to, and not as a substitute for, the tests of individual
equipment items at the manufacturer’s facility (factory acceptance test). The contingent engineering team
needs to realize that satisfactory test results, although providing worthwhile information on general equipment
condition, do not always confirm that any particular installation is satisfactory in all respects nor do they val-
idate that installation interconnections are correct. Therefore, the commissioning team needs to make certain
that each installation and interconnection has been adequately tested in all operational configurations.

The initial inspection, which may consist of a series of inspections during the construction of the vessel,
should include a complete inspection of the electrical installation and electrical equipment. The inspection
should confirm that the electrical arrangement, materials, power and control cable connections, and installa-
tions fully comply with the component and ship/vessel design documents. The inspection should also confirm
that equipment and installations are correct and meet all imposed quality standards.

Electric cable should be checked during installation to confirm it is the size and type shown on the plans. The
adequacy of cable supports should be checked. It should be ascertained that no cable 1s installed in the proxim-
ity of steam pipes or other hot objects and that cables have not been damaged during the installation from ex-
cessive pulling force, over bending, or sharp/rough edges. Cable penetrations required to be watertight should
be checked for proper penetrator packing, terminal, or stuffing tube.

Rotating electrical machinery should be checked to confirm that rotating and uninsulated parts are adequately
guarded from accidental contact by personnel. Equipment should be adequately guarded against ingress of
possible contaminants including, but not limited to: moisture, salt, and lubricants.

Electrical equipment should be inspected to confirm that it is accessible for normal inspection and routine
maintenance. Inspection should confirm that there 1s provision for accessing junction boxes behind paneling,
and that the access 1s conspicuously identified. Hinged doors of electrical enclosures should be checked to
confirm that they are free of interferences from adjacent structures or equipment.

Metal enclosures for electrical equipment should be inspected to confirm they are grounded, either by the
method of mounting or by a separate grounding conductor. Portable equipment should be checked to confirm
proper grounding through a conductor of the supply cable. Portable equipment such as power tools that are
identified as “double insulated” need not have a grounding connector in the attachment cord. All non-cur-
rent-carrying metallic parts of electrical equipment should be verified to be effectively grounded by the fol-
lowing methods. Metal frames or enclosures of apparatus should be fixed to, and be in metallic contact with,
the vessels structure, provided that the surfaces in contact are clean and free from rust, scale, or paint when
installed and are firmly bolted together. Alternatively, they should be connected to the hull either directly by

'*The numbers in brackets correspond to those of the bibliography in Annex A.
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ground strap or, for portable equipment, via the grounding terminal of a receptacle outlet. A reading of 0.1 Q
(dc resistance) or less should be achieved between an equipment enclosure and an adjacent structural ground
potential point.

Metallic cable sheaths or armor should not be solely relied on for achieving equipment grounding. The metal-
lic sheaths and armor should be grounded by means of connectors, or cable glands approved, listed or labeled
for the purpose and designed to confirm an effective ground connection. The stuffing tube should be firmly at-
tached to, and be in effective electrical contact with, a grounded metal structure. Conduits should be grounded
by being screwed into a grounded metallic enclosure or by nuts on both sides of the wall of a grounded metallic
enclosure where contact surfaces are clean and free from rust, scale, or paint.

As an alternative to the methods described in the above paragraph, armor and conduit may be grounded by
means of clamps or clips of corrosion-resistant metal, making effective contact with the sheath or armor and
grounded metal. All joints in metallic conduits, ducts, and in metallic sheaths of cables that are used for ground
continuity should be solidly made and protected against corrosion.

Every grounding conductor should be of copper or other corrosion-resistant material and should be securely
installed and, where necessary, protected against damage and electrolytic corrosion.

On wood and composite vessels, a continuous-ground conductor should be installed to facilitate the grounding
of non-current-carrying exposed metal parts. The ground conductor should terminate at one copper plate of
area not less than 0.2 m* fixed to the keel below the light waterline in a location that is fully immersed under all
conditions of heel.

Every ground connection to the ship structure, or on wood and composite vessels to the continuous ground
conductor, should be made in an accessible position and should be secured by a screw or connector of brass or
other corrosion-resistant material used solely for that purpose.

All armor or other metal coverings of cable should be electrically continuous throughout the entire length and
should be effectively grounded to the hull of the ship at both ends, except for branch circuits (final sub cir-
cuits), which may be grounded at the supply end only. The metallic braid or sheath should be terminated at the
stuffing tube or connector where the cable enters the enclosure and should be in good electrical contact with
the enclosure.

Methods of securing aluminum superstructures to the steel hull of a ship often include nsulation to reduce
galvanic corrosion between these materials. In such cases, a separate bonding connection should be provided
between the superstructure and the hull. The connection should be made in a manner that reduces galvanic
corrosion and permits periodic inspection.

Cable mnsulation resistance should be measured by self-contained instruments, such as the direct indicating
ohmmeter of the generator type, applying a dc potential of 500 V. Where the normal operating voltage 1s less
than 100 V, a direct reading ohmmeter of the appropriate voltage should be used. Where operating voltage 1s
greater than 500 V, the test instrument should apply a dc potential approximately equal to the operating volt-
age. Where circuits contain solid-state devices, care should be exercised to confirm that the devices that have a
voltage rating less than the test voltage are disconnected or shorted-out before the test voltage is applied.

For rotating electric machines, insulation tests should be made 1n accordance with the recommendations in
IEEE Std 43-2013 or IEC 60034-2-1, with the machine windings in a clean and dry condition. The results
obtained from the tests depend not only on the characteristics of the insulation materials and the way they are
applied, but also on the test conditions. It is recommended that the data recorded during the tests include am-
bient conditions, particularly those concerning the ambient temperature and the degree of humidity at the time
of the test.
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The polarization index (ratio of 10 min to 1 min insulation resistance value) for the machine windings should
be evaluated. The recommended polarization index minimum value for ac and dc rotating machines 1s 2.0.

The resistance should be measured with all circuits of equal voltage above ground connected together; circuits
or groups of circuits of different voltages above ground should be tested separately. This test should be made
at a dc voltage of 500V for a minimum of 1 min. The recommended minimum insulation resistance R, for ac
and dc machine armature windings and for field windings of ac and dc machines can be determined per Equa-
tion (1). Although a high percentage of rotating machinery operates at less than 1000 V, not all equipment falls
into that category. Refer to Table 4 of IEEE Std 43-2013 for additional information [B6]. Testing voltage and
the resulting insulation resistance measurement are related to both the winding construction and the original
design voltage of the equipment.

R, =kV + I for direct current field windings.

R,, = 100 for ac windings rated in excess of 1000V

R = 5 forall ac and dc windings rated below 1000 V except dc field windings (1)

where

R, 1sthe recommended minimum insulation resistance in MC2 at 40 °C of the entire machine winding

in

kV" 1sthe rated machine terminal to terminal potential, in rms kilovolts

The actual winding insulation resistance to be used for comparison with the recommended minimum value
R, 1s the observed insulation resistance, corrected to 40 °C, obtained by applying direct potential to the entire
winding for 1 min to obtain the initial value and for 10 min to obtain the value for the polarization index. The
minimum insulation resistance of the field windings of machines separately excited, with voltage less than the
rated voltage of the machine, should be not less than 1 MQ,

In addition to insulation resistance testing, partial discharge (PD) testing should be performed on medium and
high voltage equipment at the manufacturer’s factories for all major transformers, generators, power cables,
and switchboards to confirm long term reliability. The power cables terminations and butt splices should re-
ceive PD testing at the ship yard. Perform PD testing according to IEEE Std 1434.

5. New installations

5.1 Circuits

Each power and lighting circuit should be tested for insulation resistance between all insulated poles, ground,
and where practicable, between poles. Each power and lighting circuit should have an insulation resistance
between conductors and ground of not less than the following:

Up to 5-Aload: 2 MQ
—  Upto 10-Aload: 1 MQ
—  Upto 25-Aload: 0.4 MQ
— Upto 50-Aload: 0.25 MQ
Over 50-A load: 0.1 MQ

If necessary to obtain the desired resistance, loads may be disconnected from the circuat.
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Each interior communication circuit of 115 V and above should have an insulation resistance between conduc-
tors and between each conductor and ground of not less than 1 M£Q. For circuits below 115 V, the insulation re-
sistance should be at least (.33 M. This test should be made at a dc voltage of 100 V for a minimum of 1 min.

5.2 Generating sets

The commutation, electrical characteristics, over speed trips, governing, range of excitation control, lubri-
cation, and absence of vibration should be satistactorily demonstrated. Tests should be made to demonstrate
compliance with IEEE P45.1 (Draft 1.0, June 2015). Each generating set should be run at full rated (kW) load
until constant temperature has been reached and in no case for less than 4 h. If generating sets are intended to
operate in parallel, they should be tested in all combinations over a range of loading sufficient to demonstrate
that load sharing and parallel operation are satistactory. Voltage and speed regulation, when load 1s suddenly
applied and removed, should comply with IEEE P45.1 (Draft 1.0, June 2015). The insulation resistance of all
generators should be measured in both cold and hot conditions immediately before and after running at normal
tull load. Automatic, local, and remote starting and stopping systems should be tested.

5.3 Switchboards

Before switchboards, motor control centers, and distribution panels are put into service, they should be tested
to confirm the insulation resistance is not less than 1 M when measured between each bus-bar and ground
and between each bus-bar. This test should be made with all circuit breakers and switches open; all fuses
for pilot lamps, ground indicating lamps, voltmeters, and so on removed, and all voltage coils disconnected.
Low-voltage switchboards are those rated 600 V ac and less according to IEEE Std C37.20.1, or 1000 V ac and
less according to IEC 60947, Medium-voltage switchboards are those rated 601 V to 38.0 kV ac according to
[EEE Std C37.20.1, or 1.01 kV to 35.0 kV ac according to [EC 60947.

5.3.1 Factory tests

Prior to delivery, tests should be performed to confirm that the switchboard is in accordance with these recom-
mendations and operates at its specified rating. Tests should be in accordance with the following standards:

a) Switchboards operating at a root-mean-square (rms) voltage less than 1000 V should meet the re-
quirements of UL 891 or [EEE Std C37.20.1-2015, UL 1558-1999, or IEC 60947 for low-voltage,
metal-enclosed power circuit breaker switchgear.

b) Metal-clad switchgear including medium-voltage power circuit breakers should comply with the re-
quirements found in IEEE Std C37.20.2-2015 or IEC 62271-200. All medium-voltage motor starters
of the vacuum type should meet the requirements of UL 347-2016, [EC 62271-100, IEC 62271-1 and/
or [EC 62271-106.

5.3.2 Dockside shipboard tests

Dielectric withstand tests should be made on switchboards after installation in the ship, prior to control and
power cables being terminated and rechecked again post cable termination. The assembly should be tested in
accordance with the standards specified in [EC 62271-1 and IEC 60439,

After installation 1s complete, the switchboard and associated control equipment should be subjected to a com-
plete functional test of all control circuits.

All switches, circuit breakers, and associated equipment should be operated to demonstrate suitability and
compliance with recommended manufacturer’s specifications.

All switchboards should be fully loaded (or as close as practicable), and no overheating should occur.
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Reverse power relays, reverse current and overcurrent relays, preferential tripping relays, and all electrical and
electromechanical interlocks should be satisfactorily operated. Generator, bus tie, and main propulsion feeder
circuit breakers should be test-tripped to confirm that adjustable settings comply with the system design val-
ues. All circuit breakers and protective relays settings should be verified by performing a short circuit analysis
and coordination study.

Switchboards should be checked for handrails, guardrails, insulating floor covering, drip covers, and backs
and sides on the enclosure. Adequate working space around the switchboard should be verified. Switch-
board-mounted apparatus should be checked for identifying nameplates. Circuit nameplates should be com-
pared with the rating or setting of the overcurrent devices and with the plans. The accessibility of items re-
quiring maintenance or adjustment should be checked. Meters should be checked tor proper operation. The
operation of automatic paralleling devices and mechanical and electrical interlocks should be observed.

PD testing should be performed to verify long term reliability of the insulation within medium- and high-volt-
age equipment. The long term effects of partial discharge on the insulation systems causes progressive dete-
rioration of insulating materials, ultimately leading to electrical breakdown. The effects of partial discharge
within medium and high-voltage cables and equipment can ultimately lead to insulation failure. The cumula-
tive effect of partial discharges within solid dielectrics is the formation of numerous, branching partially con-
ducting discharge channels, a process called treeing. Repetitive discharge events cause irreversible mechan-
ical and chemical deterioration of the insulating material. Damage 1s caused by the energy dissipated by high
energy electrons or 1ons, ultraviolet light from the discharges, ozone attacking the void walls, and cracking as
the chemical breakdown processes liberate gases at high pressure. This chemical transformation of the dielec-
tric tends to increase the electrical conductivity of the dielectric material surrounding the voids. In doing so,
this increases the electrical stress 1n the gap region, accelerating the breakdown process that can cause nsipi-
ent faults. This becomes more of a longevity 1ssue when high harmonic conditions exist on the power system.

Partial discharge conditions can usually be prevented through careful design, material selection and factory
testing. In critical medium and high voltage equipment, the integrity of the insulation is confirmed using partial
discharge detection equipment during the manufacturing stage as well as periodically through the equipment’s
useful life. Partial discharge prevention and detection are essential to confirm reliable, long-term operation of
high voltage equipment. Additional testing requirements can be obtained from IEC 60060-2, IEC 60270, IEC
61934, IEC 60664-4, IEC 60034-27, IEEE Std 1434, and [EEE Std 400.

Power equipment should be de-rated when harmonic conditions exceed 5%, the K-Factor, or equivalent har-
monic de-rating, should be determined. The K-factor is a weighting of the harmonic load currents according to
their effects on transformer heating, as derived from [EEE Std C57.110 [B9]. A K-factor of 1.0 indicates a lin-
ear load (no harmonics). The higher the K-factor, the greater the harmonic heating effects. When a non-linear
load 1s supplied from a transformer, 1t 1s sometimes necessary to de-rate the transformer to avoid overheating
and consequent insulation failure.

5.4 Control systems
5.4.1 Control system testing

Control systems should be tested in accordance with the specific requirements of the cognizant regulatory
agency and classification society.

Testing should be accomplished in a hierarchical structure beginning with component inspection and quali-
fication, proceeding to subassembly performance testing and qualification, and ending with installed system
performance testing and qualification. Manufacturers should provide mechanical, electrical, and electronic
components that have been inspected and performance-proven at the component or material level, subassem-
bly, and system levels. These tests should be structured such that successful completion of the testing provides
reasonable assurance of the system performance in the expected marine environment.
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In addition to the requirements for testing of control systems during construction, assembly, and during ship-
board installation trials, control systems should incorporate features into the design that provide for routine
in-service, built-in testing. Means for testing complex circuits and check points for calibration purposes should
be provided. In assessing the requirements for built-in test equipment, it should be assumed that maintenance
and repair will normally be carried out by removing faulty line replacement units to a test bench or suitably
equipped workshop.

5.4.2 Environmental conditions

Control components should be designed and type tested for operation at the following conditions. Equipment
should be tested according to the environmental procedures as specified in Table 1, and in accordance with
the performance procedures in Table 2. This does not modify the equipment ambient temperature conditions
specified elsewhere 1n these recommendations.

Table 1—Environmental tests for control and monitoring equipment

No Test Procedure Test parameters Other information
according to
] Visual inspection | — — —Conformance to drawings,
design data

—Quality of workman-
ship and construction

2 Dry heat [EC 60068-2-2; Temperature: 55 °C +2 °C —Equipment operating during
2007, Environmental Duration: 16 h conditioning and testing
testing—Part 2: Tests. or —Functional test during the
Test Bb, Dry heat for Temperature: 70 “"C £2 °C last hour of the test temperature
non-heat-dissipating Duration: 2 h Functional test af-
specimen with gradual ter recovery
change of temperature
IEC 60068-2-2: 2007, Temperature: 70 °C £2 °C —Equipment operating during
Environmental test- Duration: 2 h conditioning and testing with
ing—Part 2-2: Tests. or cooling system on, if provided
Test Bd, Dry heat Temperature: 55 °C +2 °C —Functional test during the
for heat-dissipating Duration: 16 h last hour at the test temperature
specimen with gradual Functional test af-
change of temperature ter recovery

3 Damp test [EC 60068-2-30: Temperature: 55 °C —Measurement of insulation
2005, Humidity: 95% resistance before test
Environmental test- Duration: 2 cycles/12 —Equipment operating during
ing—Part 2-30: Tests. +12-h cycle complete 1st cycle, switched
Test Db and guidance: off during 2nd cycle except for
Damp heat, cyclic functional test
(12 +12-hcycle) Functional test during the

first 2 h of the 1st cycle at the
test temperature and during the
last 2 h of the 2nd cycle at the
test temperature

—Recovery at standard atmo-
sphere conditions
—Insulation resis-

tance measurements

and performance test

Tahle continues
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Table 1—Environmental tests for control and monitoring equipment (continued)

No Test Procedure Test parameters Other information
according to
4 Cold " IEC 60068-2-1: 2007 Temperature: 5 °C £3 °C —Initial measurement of insu-
Environmental test- Duration: 2 h lation resistance
iIng—Part 2: Tests, Test | or —Equipment not operating
A: Cold (Concerns Temperature: 25 °C during conditioning and testing
cold tests on both +3 °C Duration: 2 h except for functional test
non-heat-dissipating —Functional test during last
and heat-dissipat- hour at the test temperature
Ing specimens) Insulation resistance
measurement and func-
tional test after recovery
— Temperature: 25 °C £3 °C —
Duration: 2 h
or
Temperature: 5 °C £3 °C
Duration: 2 h
5 Salt mist © IEC 60068-2-52: Four spraying periods with —Initial measurement of
1996, storage of 7 d after each. insulation resistance and initial
Environmental function test
testing—Part 2; Test —Equipment not operated
methods—Test Kb Salt during condition
mist, cyclic (sodium, —Functional test on the 7th
chloride solution) day of each storage period
—Insulation resistance
measurement and op
test after recovery
6 Insulation Rated | Test Minimum IR is to be carried out before
resistance sup- | volt- imsulation and after; damp test, cold test,
ply age resistance and salt mist test
volt- Between all circuits and
age earth
- - Be- | After —iDn tr];f supply termi-
fore nals, where appropniate
(V) (V) MQ M
Un > 2% 10 1.0
65 Un
Min 24V
Un= [ 500V | 100 10
635
7 High potential — Rated voltage | Test voltage —Separate circuits are to be
(V) Un (500r60 | tested against each other and
Hz) all circuits connected with each
(V) other tested against earth
—Printed circuits with
up to 65 up to 65 electronic m}'npﬂnents may be
removed during test
66 to 250 66 to 250 —Period of application; 1 min
251 to 500 251 to 500
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Table 1—Environmental tests for control and monitoring equipment (continued)

tro-magnetic field

1995,

Electromagnetic
compatibility (EMC)—
Part 4: Testing and
measurement tech-
niques—>Section 3:
Radiated, radio-fre-
quency, electromagnet-
1c field immumnity test

MHz

Field strength; 10 V/m:
According to severity level 3
Field strength to be adopt-
ed according to severity.

No Test Procedure Test parameters Other information
according to
8 Electrostatic IEC 61000-4-2: 2008, Test voltage: 8 kV according —To simulate electrostatic
discharge Electromagnetic com- | to level 3 severity standard discharge as may occur when
patibility (EMC)—Part persons touch
4: Testing and measure- —Test 1s to be confined to the
ment techniques—Sec- points and surfaces that can
tion 2: Electrostatic dis- normally be reached by the
charge immunity test. operator
Basic EMC publication The equipment is to operate
during testing
—As aresult of the test,
neither permanent or tran-
sient effects nor damage to
the equipment are allowed
9 Radiated elec- IEC 61000-4-3: Frequency range: 30 kHz to 500 | —To simulate electromagnetic

fields radiated by different
transmitter

—The test is to be confined to
the appliance exposed to direct
radiation by transmitters at
their place of installation

—As a result

IEC 61000-4-4:

1995,
Electromagnetic com-
patibility (EMC)—Part
4.

Testing and measure-
ment techniques—
Section 4: Electrical
fast transient/ burst
immunity test. Basic
EMC publication

Test voltage: £ 10%:

a) 2 kV on power supply

b) 1 kV on data and control
lines acc. to severity level 3.

To simulate interference by
electric arcs generated when
actuating electrical contacts

Interference effect occur-
ring on the power supply,
as well as at the external
wiring of the test specimen
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Table 1—Environmental tests for control and monitoring equipment (continued)

Athwart ships: 22.5°

Fore and aft: 10°

Dynamic:

Athwartships: 22.5°

Fore and aft:10° Duration; 10 s

No Test Procedure Test parameters Other information
according to
10 | Conductance IEC 61000-4-6: 2013, Testing signal 1.5 Vefficient To simulate electromagnetic
interference Electromagnetic com- | in the range between 10 kHz fields coupled as high fre-
patibility (EMC)—Part | and 50 MHz Modulation: 30% | quency into the test specimen
4: Testing and mea- Modulation via the connecting lines
surement techniques frequency: 1 kHz
Section 6: Immunty
to conducted distur-
bances, induced by
radio-frequency fields
[EC 61000-4-5: Test voltage: —To simulate interference
2014, Electromag- 1.0 kV differential mode; generated, for instance, by
netic compatibility 2.0 kV common mode Rise switching on or off high-power
(EMC)—Part 4: Testing | time: 1.2 ms inductive consumers
and measurement Surge time/50% value/50 p —The test is to be carried
techniques—Section 5: | s acc. to severity level 3. out at the power supply
Surge immunity test
11 | Vibration IEC 60068-2-6: 2007, 2to 13.2 Hz-amplitude 1.0 mm | —Duration in case of no
Environmental +(,152 resonance condition 90 min at
testing—Part 2: 13.2 Hz to 50 Hz-amplitude 30Hz
Tests—Test Fe: Vi- +0.076 mm. +10.000 - —Duration at each resonance
bration (sinusoidal) 0.025 frequency at which Q= 2 is
For severe vibration con- recorded, 90 min
ditions such as equipment —During the vibration test,
mounted on diesel engines, operational conditions are to be
air compressors, etc., higher demonstrated
frequency and acceleration —Tests are to be carned out in
values will be considered. 3 perpendicular planes
—It 1s recommended, as guid-
ance, that Q does not exceed 5
12 | Inclination® - Static: —This test is to be carried out

immediately after the vibration
test

—For static conditions, the
test is to be carried out fora
period of sufficient duration

to determine the satisfactory
operation of the equipment

‘Dry heat at 70 C 1s to be carned out for equipment located 1n a non-air-conditioned space.

"For equipment installed in non-weather-protected locations or cold locations, test 1s to be carried out at —25 °C.
“Salt mist test 1s to be carried out for equipment installed in weather-exposed areas.
‘For athwartships position, the angle of inclination is to be increased to 45° if switches, levers, or similar are installed.
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Table 2—Performance tests for control and monitoring equipment

No Test Procedure Test parameters Other information
according to
1 Visual — — —Conformance to draw-
inspection ings, design data
—Quality of workman-
ship and construction
2 Function- | The equipment Standard atmosphere conditions: —Confirmation that oper-
al test specification —Temperature: 25 °C - 10 °C ation is in accordance with
Relative humidity: 60% =+ 30% the requirements specified
—Aar pressure: 96 kPa +10 kPa for particular automatic
systems or equipment
Checking of self- moni-
toring features
Checking of specified
protection against an
access to the memory and
effects of un-erroneous use
of control elements in the
case of computer systems
3 Power sup- | — —Three interruptions during 5 min Verification of the
ply failure —Switching-off time 30 s each case specified action of the
equipment on loss and
restoration of supply
in accordance with
the system design
4 Power — Combination V and frequency —
supply variation permanent
(electric) (%) (Yo)
| +10 +5
2 +10 -5
3 —10 -3
4 —10 +5
Combination V and frequency
transient
1.5s 58
(%0) (Y0)
5 +20 +10
6 20 10
Electric battery supply:
a) +30% to —25% for equipment connected to
battery during charging
b) +20% to —35% for
equipment not connected to the
battery during charging
Power — Pressure: £ 20% —
supply Duration: 15 min
(electric)

NOTE—Ambient temperature and humidity ranges

Open weather decks and open bridges: Temperature range: —25 °Cto + 55 °C
Machinery spaces: Temperature range: (0 °C to +55 °C, Relative hurmdity: 10% to 95%
Enclosed areas other than machinery spaces: Temperature range: 25 °C to +55 °C
Relative humidity: 10% to 95%

Storage and transport conditions: Temperature range: 25 °C to +55 °C

Console and stand-alone equipment: Interior temperatures: 0 °C to +55 °C
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5.5 Control apparatus

5.5.1 Tests

Tests should be performed to confirm that the control apparatus is in accordance with these recommendations
and 1s suitable for controlling the motor to which 1t 1s to be applied. It 1s not intended that cach individual item
of control apparatus be tested completely to verify compliance with these recommendations. Tests should be
made to determine that the apparatus functions properly, with other tests performed or information obtained
from previous tests on duplicate apparatus, as may be necessary to confirm that the apparatus meets these
recommendations.

5.5.2 Limits of temperature rises

Temperature rise limits and measurement procedures are provided in Table 3. The temperature rise values are
based on 50 °C ambient temperatures (see 5.6.2.1 for 45 °C ambient).

5.5.2.1 Transformers

The limits of temperature rise in a 40 °C ambient should be in accordance with Table 4. Transformers should
also be designed to operate in an ambient temperature of 50 °C without exceeding the recommended total
hot spot temperature, provided the output kilovoltampere at rated voltage does not exceed 90% of the rated
capacity of the transformer with Class A insulation and 94% of the rated capacity of a transformer with Class
B insulation.

5.5.2.2 Motors

It 1s recommended that ac and dc motors have a design temperature rise of 80 °C, by resistance, in a 40 °C
ambient temperature (NEMA Class B), but be constructed with a minimum of National Electrical Manufac-
turers Association (NEMA) Class F insulation to provide optimum balance between initial cost and long-life
operations.

AC and dc motors normally are designed for 40 °C ambient temperatures, and thus, they should be derated in
accordance with manufacturer’s recommendations if operated in higher ambient temperatures. Insulation of
motor windings with quality insulation materials that are designed to be resistant to the salt laden moist atmo-
sphere locations is recommended.

Deck-winch and direct-acting capstan motors should be rated on a full load run of at least 1/2 h; direct-acting
windlass motors should be rated on a full load run of at least 1/2 h; and those operating through hydraulic
transmission should be rated for 30-min 1dle pump operation, followed by full load for 1/4 h. Steering-gear
control motors should be rated on a full load run of 1 h.

The temperature rise of each of the various parts of ac motors and dc motors when tested in accordance with
the full load rating should not exceed values given in Table 3.

5.5.2.3 Coils

The temperature rise of coils, when tested in accordance with the rating, should not exceed the values given in
Table 3. Temperatures are measured as indicated.
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Table 3—Limits of observable temperature rises for ac and dc control

Coil type Method of temp. determination Limits of observable temperature
(see 5.5.2.8 and 5.5.2.9) rise (°C above 50 °C ambient)
A B F H
Wire-wound coils Thermometer 55 80 105 130
Resistance 75 100 125 150
Single-layer series coils | Thermometer B¢
with exposed surfaces
uninsulated or enameled

1Applies to coils with a fiber or other similar insulating sleeve or collar for insulating the coil from the frame or core. The
allowable rise for rotating equipment is much lower at a 50 °C ambient condition and is also dependent on application,
machine construction, and service factor. Refer to NEMA MG1-2011 Section II.

Table 4—Transformers and dc balance coils temperature rise

Copper temperature rise by resistance Hottest spot temperature rise
(°C) (°C)
Class of insulation
Part A B I H A B I H
Insulated windings 55 80 115 150 65 110 145 180

NOTE—Metallic parts in contact with or adjacent to insulation should not attain a temperature 1n excess of that allowed for
the hottest spot copper temperature adjacent to that insulation.

5.5.2.4 Contacts

The temperature rise of contacts, when tested in accordance with the rating, should not exceed the following
values: laminated contacts 35 °C, and solid contacts 65 °C. All temperatures should be measured by the ther-
mometer method described in 5.5.2.8,

5.5.2.5 Mechanical parts

Mechanical parts not in contact with insulation may reach temperatures that will not be injurious in any respect.

5.5.2.6 Buses, connecting straps, and terminals

The temperature rise, when tested in accordance with the rating, should not exceed 40 °C when measured by
the thermometer method described in 5.5.2.8.

5.5.2.7 Resistors

The temperature rise, when tested in accordance to MIL-R26, should not exceed 365 °C when the thermo-
couple is placed in contact with the resistive conductor, or 240 °C when the mercury thermometer is placed
in contact with the embedding material. The temperature rise of the 1ssuing air, when measured 1 in from the

enclosure, should not exceed 165 °C. All temperatures should be measured by the thermometer method de-
scribed 1in 5.5.2.8.

5.5.2.8 Thermometer method of temperature measurement defined

This method 1s the measurement of temperature by mercury or alcohol thermometers, by resistance thermom-
eter, or by thermocouple, with the instrument being applied to the hottest accessible part of the apparatus.

5.5.2.9 Resistance method of temperature measurement defined

This method 1s the determination of the temperature rise by comparison of the measured winding resistance
taken at operating conditions with the measured winding resistances taken at known minimum and
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maximum ambient temperatures. Measurements should be taken with the winding energized and deenergized.

5.5.2.10 Ambient temperature

Controllers installed in main and auxiliary machinery spaces containing significant heat sources, such as
prime movers and boilers, should be selected on the basis of 50 °C ambient temperature. Controllers for other
locations where the ambient temperature will not exceed approximately 45 °C may be selected on the basis of
45 °C ambient temperature. In the latter case, 10 °C additional rise should be allowed for all parts.

5.5.3 High potential test

The standard test voltage for all clean and dry switching and control apparatus should be as in Table 5.

The test voltage should be successively applied between each electric circuit and grounded metal parts, and be-
tween each principal electric circuit and all other principal circuits. Caution should be used in choosing points
of application when sensitive devices, such as semiconductors, are included. Circuits that may be grounded in
use should be disconnected from ground for this test.

Table 5—Test voltage of high potential

Voltage rating (V) Test voltage
0-600 1000V + (2x nominal voltage rating)
601-2400 = 2400-15 000 2000V + (2.5x nominal voltage rating)
19kV rms or 27 kV de

Other dielectric withstand test features, such as characteristics of test voltage, duration of tests, reduction of
test voltage values for assemblies, and so on, should be in accordance with NEMA ICS 1-2000 [B10]. Refer-
ence IEC 62271-1 for high voltage equipment.

5.6 Motors, generators, and controllers

5.6.1 General

Each motor, along with all associated control equipment, should be run under operating conditions for a suf-
ficient length of time to demonstrate correct alignment, wiring, capacity, speed, and satisfactory operation.
Motor driving pumps, ventilation fans, and similar loads should be operated as nearly as practicable under
their individual service conditions. Motor driving cargo winches should hoist and lower their specified loads.
Motors for which it is difficult to obtain actual operating loads, such as motor driving warping capstans, ma-
chine tools, and other similar load characteristics, should be able to run to demonstrate suitability.

Motor controllers should be checked to confirm proper starting of the motor under service conditions and
that properly rated overcurrent devices are installed. Each motor starter not completely disconnected from all
sources of potential when the disconnect switch 1s opened (due to electrically interlocked circuits necessary
for proper operation of the apparatus of for other valid reasons) should be checked to confirm that attention 1s
directed to such conditions by a suitable warning label. The remote control units for stopping ventilation fans,
o1l pumps, and pumps discharging overboard 1n way of survival craft should be satisfactorily operated.

5.6.2 Tests

Prior to delivery, tests should be performed to confirm that the electric machine is in accordance with these
recommendations and operates at its specified rating. When an electric machine is a duplicate of one already
tested, only such check tests as described in this subclause may be made as necessary to demonstrate that the
machine operates successtully. Spare parts should be given an insulation resistance test prior to installation.
Tests should be conducted 1n accordance with the following:
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For single-phase motors: NEMA MG 1-2014 or [EC 60034-2-1

For polyphase induction motors: NEMA MG 1-2014, IEEE Std 112-2004, IEEE Std 841-2009,
API Std 541:2014-12, or IEC 60034-2-1

For synchronous motors: IEEE Std 115-2009 or IEC 60034-2-1

For dc motors: NEMA MG 1-2014 or IEC 60034-2-1

For IEC motors: IEC 60034-2-1

For chemical duty motors up to and including 373 kW (500 HP): IEEE Std 841-2009
For chemical duty motors above 373kW (500 HP): API Std 541:2014-12

The tests that should be pertormed are:

Temperature-rise
Insulation resistance
High potential

Ovwverload

5.6.2.1 Temperature-rise test

After the machines have been run continuously under full load and steady state temperatures have been
reached, the temperature rises should not exceed those given in Table 6 or Table 7.

Table 6—Limits of observable temperature rise for ac motors

Ambient
Item Machine part Method of 50 °C 65°C
temperature A B F H A B F H
determination
| Windings
a) All ex- Resistance 50 70 95 115 34 60 80 105
cept b)and c)
b} Totally Resistance 55 75 100 125 40 65 85 110
enclosed nonventilat-
ed enclosures only
c) Encap- Resistance 55 75 100 40 65 85
sulated only
d) 1500 hp and less | Embedded 60 80 105 130 40 65 90 115
detector
e) Over 1500 hp Embedded 55 75 100 125 40 65 85 110
detector
2 Field winding of syn-
chronous motors
a) Salient pole Resistance 50 70 95 115 35 60 80 105
b) Cylindrical rotor | Resistance 75 95 115 65 85 105
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Table 7—Temperature ratings of generators

Machine part Method of Ambient Temperature | Allowable Total
measurement | temperature rise (°C) hot spot temperatu
(°C) rise (°C) re (°C)
All windings Resistance 45 75 10 130
Windings 1563 kVA and less RTD 45 85 0 130
Windings 1563 kVA and above

a) <7000 V RTD 45 80 5 130

b) | = 7000V RTD 45 Q5 0 130

Field winding Resistance 45 80 5 130

All windings Resistance 50 70 [0 130

Windings 1563 kVA and less RTD 50 80 0 130
Windings 1563 kVA and above

a)| =7000V RTD 50 75 5 130

b) | = 7000V RTD 50 80 0 130

All windings Resistance 45 75 10 130

Field winding Resistance 530 75 5 130

RTD = Resistance temperature detector

The allowable rise for rotating equipment is much lower at a 50 °C ambient condition and 1s also dependent on
application, machine construction, and service factor. Refer to NEMA MGI1-2011 Section II.

5.6.2.2 Insulationresistance

Insulation resistance testing of electrical rotating machinery should be performed in accordance with the rec-
ommendations in IEEE Std 43-2013, including the corrections for temperature and humidity. The results ob-
tained from the tests depend not only on the characteristics of the insulation materials and the way they are
applied, but also on the test conditions. The test values obtained should be appropriately adjusted for the test
conditions at time of test. The polarization index (ratio of 10-min to 1-min insulation resistance value) for the
machine windings should be determined. The recommended minimum value of polarization index for ac and
de machines is 2.0. The resistance should be measured with all circuits of equal voltage above ground connect-
ed together. Circuits or groups of circuits of different voltages should be tested separately.

This test should be made at a dc voltage of 500 V for a mimimum 1 min.

5.6.2.3 High-potential

The dielectric strength of the insulation should be tested by the continuous application for 1 min of an alter-
nating voltage whose value 1s 1000 V plus twice the rated voltage of the circuit to which the machine is to be
connected. The test voltage should be applied between all circuits and ground, between shunt and other field
windings, and between brush rings of opposite polarity.

When synchronous motors are to be started with alternating current, the fields should be tested in accordance
with the following, depending on the field starting arrangements:

a)  Field short-circuited. The field windings should be tested with 10 times the exciter voltage but not less
than 2500 V, nor more than 5000 V.

b) Field open-circuited and sectionalized. The field windings should be tested with 1.5 times the max-
imum rms voltage that can occur between the terminals of any section under the specified starting
conditions, but not less than 2500 V or 10 times the rated excitation voltage per section, whichever 1s
greater.
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c) Field open-circuited and connected all in series. The field windings should be tested with 1.5 times the
maximum rms voltage that can occur between the field terminals under the specified starting condi-
tions, but not less than 2500 V or 10 times the rated excitation voltage, whichever is greater.

d) Resistor in series with field. The field windings should be tested with a voltage equal to twice the rms
value of the IR drop across the resistor but not less than 2500 V. The IR drop should be taken as the
product of the resistance and the current that would circulate in the field winding if short-circuited on
itself at the specified starting voltage.

Phase-wound rotors of induction motors should be tested with twice their normal induced voltage plus 1000
V. When induction motors with phase-wound rotors are to be reversed while running at approximately normal
speed by reversing the primary connections, the test should be four times the normal induced voltage plus
1000 V.

For fractional horsepower motors (250 V or less) rated 0.37 kW and less, the dielectric strength of the insu-
lation should be tested by the application of alternating voltage whose effective value 1s 1000 V for 1 min for
ac motor tests and 900 V for 1 min for dc motor tests. When fractional horsepower motors are produced in
quantities, the high-potential test may be modified to consist of the application of a 20% higher voltage than
recommended 1n the Overload test below, applied for 1 s.

5.6.2.4 Overload

The overload test for motors should be performed at rated speed, or in the case of a motor with a range of
speeds, at the highest and lowest speeds. The test should be made with a gradual increase of torque and the
appropriate excess torque given in this subclause. Synchronous motors and synchronous induction motors
should withstand the excess torque without falling out of synchronism and without adjustment of excitation
circuit preset at the value corresponding to rated load.

—  DC motors: 50% for 15 s

— Polyphase ac synchronous motors: 50% for 15 s

— Polyphase ac synchronous induction motors: 35% for 15 s
Polyphase ac induction motors: 60% for 15 s

Single-phase ac motors: 33% for 15 s

5.6.2.5 Commutation test

The commutation test on dc motors should consist of the application of a momentary torque of 50% in excess
of that corresponding to its rating, for 15 s with fixed brush setting. There should be no severe sparking or dam-
age to the commutator or brushes. The commutation of ac commutator motors should be essentially sparkless
over the specified range of load and speed.

5.6.2.6 Voltage drop

One lighting circuit from each distribution panel and switchboard should be selected for voltage drop testing.
With all lamps burning and all other permanently connected loads on that circuit operating, the current in the
feeder and the voltage at the most remote branch outlet should be measured. For all distribution circuits, unless
stated otherwise, the combined maximum voltage drop from the ships service switchboard to any point in the
system should not exceed 5%. If the voltage drop on this sample circuit does not meet the recommendations,
all lighting circuits should be tested, and corrective action taken.

For power circuits, the voltage drop in branch circuits fed from distribution panels should be measured. Equip-
ment should be loaded to approximately full rating, and voltage drop should be determined by measuring
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the current in the circuit and the voltage at the device’s terminals. For auxiliaries fed from switchboards, the
voltage drop and teeder current should be measured at the maximum load imposed during scheduled dockside
tests. Voltage measurement should be made at the motor output terminals of the motor controller.

The voltage at the generator switchboard should be maintained at rated value. Voltage drop should not exceed
the recommended values. The voltage drop tests are system tests performed during ship commissioning.

5.6.2.7 High resistance grounded systems

Under self-powered condition under full load, a ground fault shall be placed on the system. The current will be
monitored at the point of the fault and no adverse effect should be witnessed. The ground fault current shall be
monitored to ensure stability.

5.7 Brakes

Tests should be performed prior to delivery to confirm that the brake 1s in accordance with the design recom-
mendations contained in [EEE P45.1. When a brake is a duplicate of one already tested, only such tests need
be made that are necessary to demonstrate that the brake operates successfully. Spare coils should be given
regular high-potential tests as described in 5.6.2.3. Other spare parts need not be tested in the entire assembled
form. Temperature rise for coils need not be tested in the entire assembled form. Tests for waterproofness
should be of the same nature as those for the motor, to which the brake 1s attached. Temperature-rise and insu-
lation tests should be made in accordance with 5.6.2.1 and 5.6.2.2. Spare coils for ac brakes should be tested
for short-circuited turns.

5.8 Magnetic friction clutches

Tests should be made prior to shipment for balance, temperature rise, and dielectric strength, in accordance
with manufacturer’s specifications. The temperature rise should conform to Table 6 with the clutch stationary.
The clutch should develop its rated torque under normal conditions without slipping.

5.9 Distribution equipment

5.9.1 Circuit breakers

Circuit breakers should meet other national or international requirements and be tested or certified by a nation-
ally recognized independent testing laboratory as suitable for shipboard applications.

5.9.2 Receptacles, plugs, and switches (non-watertight)

Receptacles and switches should have sufficient contact surface and meet all tests and requirements set by a
nationally recognized independent testing laboratory.

5.10 Galley equipment

Cooking appliances, including their control equipment, should be tested at the manufacturer’s facility. For
portable appliances, the leakage current should not exceed 1 mA, and for stationary appliances, 1 mA or 1 mA
per kW rated input, whichever is the larger, for each heating element that can be switched off separately.

5.11 Lighting

Circuits should be tested to confirm that all lighting fixtures, receptacles, and other connected fittings are in
satisfactory operating condition. A photometric survey should be conducted to confirm that illumination levels
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are satisfactory and meet the specified requirements. Lighting design, maintenance considerations, testing,
and 1llumination levels for any space should comply with [ES RP-12-1998 and API RP 14F, as applicable.

5.12 Storage batteries

Storage batteries used for ship service diesel generator set starting and main propulsion diesel engine starting
should be checked for capacity. The batteries should have sufficient capacity (without recourse to charging) to
provide not less than 12 consecutive starts of each main engine, if of the reversible type, and not less than six
consecutive starts if of the nonreversible type. For ship service diesel generator sets, battery capacity should
provide not less than six consecutive starts,

Emergency diesel generator set batteries should be checked to confirm that they have sufficient capacity to
provide three consecutive starts from each energy source within 30 min.

The recommendations of this subclause apply to permanently installed power, control, and monitoring stor-
age batteries. These batteries may be either lead-acid or alkaline type batteries, and either vented or sealed.
When selecting the type of battery, consideration should be given to the suitability of the battery type for the
specific application. Battery maintenance and testing considerations should comply with IEEE Std 450-2010,
IEEE Std 1188a-2005, IEEE Std 1106-20135, IEEE Std 1657a-2009, IEC 62133: 2012, and IEC 61960: 2011,

5.13 Marine shipboard cable

Marine shipboard cables should be listed as Marine Shipboard Cable by a nationally recognized testing labo-
ratory. These cables should meet the performance and construction requirements of IEEE Std 1580-2010, or
UL 1309-2014 or CSA 22.2 No. 245-10135, and installed using the recommended practice of IEEE Std 45.8-
2016 according to Table 8.

Table 8—Performance test requirements of IEEE Std 1580

Test to be performed Test categories
Type test Production Routine
(TT)* sample test (RT)*
(PST)"

Insulation X X

Jacket X X

High potential X X
Partial discharge X!
Conductor resistance X
[nsulation resistance X
Flammability X X

Ease of stripping X

Salt water immersion X

Cable immersion in oil X

Pull-through metal plates X

Bending endurance X

Cold bend test X

Cold impact test (optional) Xf

Table continues
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Table 8—Performance test requirements of IEEE Std 1580 (continued)

Test to be performed Test categories
Type test Production Routine
(TT)" sample test (RT)*
(PST)"
Vibration Xe
Incidental motion (re- X
peated flexing)
[nsulation discharge X
resistance test

“Type tests (TT)}—Type tests are the minimum initial testing for a manufacturer to de-
termine compliance with this recommended practice. TT should be qualified by a third
party NRTL as meeting this recommended practice. Unless otherwise specified, TT
should be performed on a 3 conductor 6 AWG cable for power and distribution, 7 con-
ductor 12 or 14 AWG cable for control, and a 7 or 8 pair 18 AWG for signal cables. Any
other cables in their respective cable designation for distribution, control, or signal that
are 23 mm in diameter or larger may also be considered representative. This does not
relieve the manufacturer from ensuring compliance with the test requirements for all
cable types and sizes.

"Production sample tests (PST)—Production sample tests should be performed at the
frequency established in NEMA WC 54 (ICEA T-26-465). Where no frequency is
identified for a particular test in NEMA WC 54 (ICEAT-26-4635), the testing frequency
should be determined by the product certification organization.

“‘Routine tests (RT)—Routine tests should be performed on each length of fimished ca-
ble.

IPST for weatherometer and mechanical water absorption as related to the jacket/
sheath shall be done at a frequency of every three years.

“PST for lammability and when invoked for smoke, acid gas, and toxicity tests as re-
lated to the insulation/jacket/sheath shall be done at a frequency of every three years.
This test applies to Transport Canada requirements test at —35 °C cold impact test per
4.13 of CSA 22.2 No. 03.

®This test applies to Type MC (CWCMC) for use in areas of high vibration.

"This test applies to Type MC (CWCMC) for use in areas of repeated flexing.

"Partial Discharge Testing is required only for shielded cables rated 2001 V and greater
except for discharge-resistant cables.

5.14 Fire detection, alarm, and sprinkler systems

Fire detection, alarm, and sprinkler systems, and their components, should have been tested by an independent
laboratory to nationally or internationally recognized testing protocols. See NFPA 72-2016 [B12] for more
information about fire detection and alarm systems.

All detectors should be capable of being operationally tested and restored to normal operation without replac-
ing parts. Detectors installed in damp or wet locations, such as roll-on/roll-off spaces or machinery spaces,
should be specifically designed and tested for such use.

5.15 Electric propulsion and maneuvering systems

5.15.1 Generators and motors

A dedicated propulsion bus should normally have a voltage total harmonic distortion of no more than 8%. If
this limit is exceeded in the dedicated propulsion bus, it should be verified by documentation or testing that
malfunction or overheating of components does not occur.

31

L) = i &% Mmmd = 1 & 0 = | B |



IEEE Std 45.6-2016
IEEE Recommended Practice for Electrical Installations on Shipboard—Electrical Testing

Generators and motors should successfully pass the following tests at the place of manufacture. The fol-
lowing tests should be conducted in accordance with IEC 60034-2-1, IEEE Std 112-2004, IEEE 113-1985,
[EEE Std 115-2009, or NEMA MG 1-2014, as applicable:

a)  Temperature rise under rated load or rated current conditions
b)  High potential

¢)  Overload capacity, as specified

d) Cold resistance of all circuits

e) Partial discharge testing for medium and high-voltage systems

f)  Mechanical balance (special considerations should be made on differences in stiffness of test bed and
the actual installation)

5.15.2 Control equipment

Controls for electric propulsion equipment should be inspected when finished, and high potential tests and
insulation resistance measurements should be made on the various circuits at the place of manufacture. The
functional operation of controls and displays, and satisfactory tripping and operation of all relays, contactors,
and various safety devices, should also be demonstrated.

5.15.3 Motor drives

Semiconductor static power converters for propulsion system drives should be tested and inspected at the
place of manufacture. Duplicate units of previously tested power converters need be tested only as deemed
necessary to demonstrate successful operation. Stmulate, as closely as possible, the upstream impedances
associated with the shipboard system to determine the impact (in both directions) between system and drive.
Also, apply as close to the rated capacity of the proposed load as possible, up to and including using a rotating
load instead of a simple resistor bank, where possible.

5.16 Communication systems

Each interior communications system and alarm system should be tested to verify that they perform their re-
quired function. Particular attention should be paid to testing all essential electrical communication systems,
including electric engine order telegraphs, electric docking telegraphs, automatic fire alarm and detection sys-
tems, general announcing and public address systems, the general emergency alarm system, sound-powered
telephone systems, and dial telephone systems.

5.17 Steering systems
The operation of electric and electrohydraulic steering gear and associated steering controls should be func-
tionally tested to demonstrate that manutacturer installation requirements are met.

5.18 Control systems

All propulsion, auxiliary machinery, and electric plant control and safety systems installed to comply with
the requirements for an automated machinery system or a periodically unattended machinery space should
be checked for correct installation and material condition and be performance-tested to verify satisfactory
operation.
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5.19 Emergency electrical systems

The complete emergency electrical supply and distribution system should be tested to verify proper perfor-
mance. This should include the following tests (where applicable):

— Operation of the emergency generator automatic starting system
—  Operation of the transitional emergency battery automatic transfer system
— Capacity test of the emergency storage battery

Operation of the emergency lighting system

Operation of emergency power driven equipment

5.20 Electric heating systems

Electric heating and reheat systems should be checked for proper functioning. Overheat cut-outs should be
checked for proper operation and temperature rating. Electrical connections should be checked to confirm
that they are tight. The interior of reheat boxes should be checked to confirm that they are free from excessive
amounts of combustible dust.

5.21 Battery systems

Industrial installations tend to have battery racks grounded; however, neither the vented lead acid (VLA) nor
the valve-regulated lead-acid battery (VRLA) standards require the rack be grounded. Only the NiCad stan-
dard requires the rack to be grounded. The only way to have an arc flash in a battery bank system is:

— Positive to ground
— Negative to ground

Positive to negative

If the rack is not grounded, you can effectively eliminate the first two; leaving only positive to negative.
[EEE Std 450-2010 [B8] suggests verifying that the electrolyte level of each cell 1s between the high- and
low-level marks imprinted on the cell case. Inspect each battery cell jar, cell container cover, and seals. Exam-
ine the plates in cach cell for sulfation. Examine the plates in each cell for the proper color that indicates a fully
charged battery based on the manufacturer’s information. Examine, if possible, through the clear battery con-
tainer case the plates, bus bar connection to each plate, and bus bar connection to the post of each battery cell
for corrosion and other abnormalities. Inspect the lower part of the post seals and the underside of the cover
for cracking or distortion. Examine the cell plates, spacers, and sediment space of each cell to determine if any
deterioration has occurred that could affect a cell relative to the rest of the cells in the battery. Examine the cell
posts of each cell to determine 1f any of them have grown or lifted to a larger degree than the rest of the posts of
the battery. There are two types of cell/battery failures for which to check.Category 1 failures:

— Cracked jars where electrolyte is leaking from the cell
— Individual cell voltage (ICV) on float less than 1.8 V
—  Open circuit

— Significant visual deterioration of the plates

—  Hydration (typically requires replacement of the entire battery at the earliest opportunity)
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Container and/or cover cracks, or other conditions, that breach the cell boundary above the electrolyte
level (may not require cell replacement, but should be repaired as soon as possible due to the increased
potential for a battery explosion)

Cell/battery failures in Category 1 require immediate corrective action and may require bypassing the affected
cells and float voltage adjustments, and/or cell/battery replacement, etc. at the earliest opportunity.

Category 2 failures:

Copper contamination (May require immediate bypassing of the cell; contact the manufacturer for
guidance. This condition 1s not correctable and cell replacement 1s required.)

Post seal failure (May require increased post cleaning activities and, 1f not correctible, require cell
replacement.)

Sulfation (Indicates self-discharge and requires close monitoring of ICV. If not recoverable by single
cell charging, cell replacement will be required.)

Cell/battery failures in Category 2 do not pose an immediate threat to battery function, and corrective ac-
tions can be performed as part of scheduled maintenance. It should be noted that these conditions can wors-
en and result in the cell reaching Category 1 limits, so increased monitoring of the cell/battery condition 1s
recommended.

6. Existing installations

Electric equipment and systems should be continually maintained to confirm that the installation 1s kept as
close as practicable to the original physical condition. Electrical equipment and systems should be periodical-
ly inspected and tested for the purpose of observing the possible development of physical changes or deterio-
ration. These inspections and tests, at the intervals required by classification societies or national authorities,
should include the following items:

a)

b)

d)

The equipment and installation should be generally inspected and tested under working conditions
and electric cables inspected as far as practicable without dismantling equipment.

Generators and all motors driving essential auxiliary machinery should be inspected as far as may be
practicable without dismantling equipment, unless such dismantling i1s deemed necessary as a result
of test or observation.

An insulation resistance test should be made on generators, motors, cables, heaters, and fittings using
a direct indicating ohmmeter of the generator type, applying a dc voltage of 500 V; the insulation resis-
tance measured should not be less than the values given in IEEE Std 43-2013. All generators should be
run individually or simultaneously, and all main switches and circuit breakers operated under load and
their reverse power, overcurrent, under voltage, and under frequency trip circuits tested.

The functioning of the complete emergency electrical supply system should be tested. This should
include the following:

1)  Operation of the emergency generator automatic starting system
2)  Operation of the transitional emergency battery automatic transfer system

3) Where the emergency source of power is supplied by batteries, operation under the specified load
conditions

4)  Operation of the emergency lighting system

All essential electrical communication systems should be tested to verify proper operation.

34

L) = i &% Mmmd = 1 & 0 = | B |



IEEE Std 45.6-2016
IEEE Recommended Practice for Electrical Installations on Shipboard—Electrical Testing

f)  Where the control of the propulsion machinery or the propeller is provided by electric or electronic
means, a general inspection of the complete control system should be conducted.

g) The operation of electric and electrohydraulic steering gear should be tested. Particular attention
should be paid to the functioning of the motor overload alarm, motor stopped indication, and supply
circuit-breaker-tripped alarm.

It is further recommended that in addition to required inspections, periodic measurements of resistance of the
insulation be made between conductors and the frame or ground of rotating equipment and in circuits between
conductors and between conductors and ground. The value of insulation resistance will aftford a useful indi-
cation as to whether the equipment or system 1s 1n a suitable condition for continued service. This data can be
used to detect deterioration conditions and to allow for corrective action prior to equipment or system failure.

The best indication of the magnitude of current leakage from a winding or circuit is given by a comparison of
the observed insulation resistance with previously measured values. The change from the last measured value
of resistance 1s far more significant than is the absolute value of the resistance. It 1s recommended that a log of
successive readings be kept for each important machine and circuit on board ship. In addition, remarks should
be entered into the log to describe properly the observed condition of the machine and circuit for future com-
parison. Log entries should typically include the following:

— For machines: Supply cable connected or disconnected; machine blown out, machine dried out, dusty,
oily, or wet; condition of connecting leads, brush rigging, brushes, commutator; clearances between
pole pieces and armature; temperature; humidity; repairs made.

—  For circuits: Equipment and appliances connected or disconnected to the supply cables; cable and
connection boxes dirty, oily, or wet; condition of connected equipment and appliances; temperature;
humidity; repairs made.

Any large and abrupt decrease in insulation resistance should be investigated immediately. The insulation
resistance 1s subject to variation with temperature, humidity, and cleanliness of parts. When the insulation re-
sistance falls, it can, in most cases when no defect or ground exists, be brought up to a proper value by cleaning
and drying. It is difficult to prescribe definite recommendations for the actual value of insulation resistance of
a machine or circuit because their values vary with type, size, voltage rating, kind and condition of insulating
material used, method of construction, and the insulation record of the machine and circuit. Considerable judg-
ment based on the results of previous measurements should be exercised to determine whether the machine or
circuit 1s suitable for continued service or should be repaired or replaced. The frequency of periodic inspec-
tions and insulation resistance tests is dependent on the magnitude and importance of the electric installation
on board the vessel as well as the service and climatic conditions to which such installations are subjected.

The use of logs or records covering these recommendations, which will also show other pertinent information
contingent on the vessel’s individual service conditions, is recommended.
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