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Abstract: Recommendations for systems engineering, design, and integration of electrical power
systems at the total ship level from concept design through the establishment of the design
baseline prior to detail design are provided in this document.

Recommendations for ac power systems, dc power systems, emergency power systems, shore
power, quality of service, power quality and harmonics, electric propulsion and maneuvering
systems, motors and drives, thrusters, and steering systems onboard ships are established by
this document. These recommendations reflect the present-day technologies, engineering
methods, and engineering practices. This document is intended to be used in conjunction with the
IEEE 45™ series of documents.

Keywords: baselines, concept of operations, IEEE 45.3™, radial design, systems engineering,
zonal design
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

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
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development 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 necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently 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 its 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, IEEE 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 is 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, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is 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 in any given circumstances or, as
appropriate, 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, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

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.
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Official statements

A statement, written or oral, that is 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 IEEE. 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
pertaining 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 concurrence of a balance of interests. For this reason, IEEE and the members of its socicties and
Standards Coordinating 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, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE 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 IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. 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 is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. 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 promotion 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.

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 Service, 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.
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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 issuance of amendments,
corrigenda, 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 is subjected to review at least every ten years. When a document is more than ten
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.ieee.org/xpl/standards.jsp or contact IEEE 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.iece.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.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is 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 discrimination 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
responsible 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 in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is 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 45.3™-2015, IEEE Recommended Practice for Shipboard Electrical
Installations—Systems Engineering.

The IEEE 45™ Series comprises nine recommended practices addressing electrical installations on ships
and marine platforms. IEEE Std 45.3 provides the recommended practice for electrical power systems
integration and is intended for use with the IEEE 45 series of documents. The topics covered in this
document should be considered from the beginning of the project and throughout the design and
construction processes and thereby should facilitate the integration of electrical power systems at the
shipyard level. Adherence to the IEEE 45.3™ electrical power systems integration process provides an
effective set of integration requirements and identifies key issues and recommended solutions or options.

Previous editions of IEEE Std 45 were developed as single documents addressing all areas. On 9 June
2005, a project authorization request (PAR) 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
issues in a single document would produce a very large document that would be difficult to ballot due to
the wide range of issues needing to be addressed. In 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 recommended practices. Additional PARs
were approved on 11 September 2009 for switchboards and 9 December 2009 for cable systems, and the
total number of standards in the IEEE Std 45 Series increased to nine:

— IEEE Std 45™, [EEE Recommended Practice for Electrical Installations on Shipboard [B20]*°

— IEEE P45.1™ Draft Recommended Practice for Electrical Installations on Shipboard—Detailed
Design [B11]

— IEEE Std 45.2™_ TEEE Recommended Practice for Electrical Installations on Shipboard—Controls
and Automation [B21]

— IEEE Std 45.3™_ [EEE Recommended Practice for Shipboard Electrical Installations—Systems
Engineering (this document)

— IEEE P454™, Draft Recommended Practice for Electrical Installations on Shipboard—Marine
Sectors and Mission Systems [B12]

— IEEE Std 45.5™_ [EEE Recommended Practice for Electrical Installations on Shipboard—Safety
Considerations [B22]

— IEEE P45.6™, Draft Recommended Practice for Electrical Installations on Shipboard—Electrical
Testing [B13]

— IEEE Std 45.7™, IEEE Recommended Practice for Electrical Installations on Shipboard—
AC Switchboards [B23]

— IEEE P45.8™_ Draft Recommended Practice for Electrical Installations on Shipboard—Cable
Systems [B14]

Several other IEEE standards have been developed to support the IEEE 45 Series:

— IEEE Std 1580™-2010, IEEE Recommended Practice for Marine Cable for Use on Shipboard and
Fixed or Floating Platforms [B31]

— IEEE P1580.1™, Draft Recommended Practice for Insulated Bus Pipe for Use on Shipboard and
Fixed or Floating Platforms [B15]

— IEEE Std 1662™-2008, IEEE Guide for the Design and Application of Power Electronics in
Electrical Power Systems on Ships [B32]

* Numbers in brackets correspond to the numbers in the bibliography in Annex F.
° The IEEE standards or produced referred to in this introduction are trademarks of The Institute of Electrical and Electronics
Engineers, Inc.
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— IEEE Std 1709™-2010, IEEE Recommended Practice for 1 kV to 35 kV Medium-Voltage DC
Power Systems on Ships [B33]

— IEEE Std 1826™-2012, IEEE Standard for Power Electronics Open System Interfaces in Zonal
Electrical Distribution Systems Rated Above 100 kW*

— IEC/ISO/IEEE 80005-1, Edition 1.0 2012-07, International Standard for Utility connections in
port—Part 1: High Voltage Shore Connection (HVSC) Systems—General requirements [B10]

This document provides the recommended practice for integration of electrical power systems aboard ship.

¢ Information on normative references can be found in Clause 2.
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IEEE Recommended Practice for
Shipboard Electrical Installations—
Systems Engineering

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Introduction

IEEE Std 45™ [B20] has grown due to new technology and methods. As a result, the document has been
divided into a base document (IEEE Std 45) and eight sub-documents, IEEE P45.1™ [B11] through
IEEE P45.8™ [B14], several of which have been formally published. This document addresses the
recommended practice for systems engineering and integration of shipboard electrical power systems
installations.'

1.2 Scope

This document provides recommendations for systems engineering, design, and integration of electrical
power systems at the total ship level from concept design through the establishment of the design baseline
prior to detail design.

Recommendations for ac power systems, dc power systems, emergency power systems, shore power,
quality of service (QoS), power quality and harmonics, electric propulsion and maneuvering systems,
motors and drives, thrusters, and steering systems onboard ships are established by this document. These

! Numbers in brackets correspond to the numbers in the bibliography in Annex F.
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recommendations reflect present-day technologies, engineering methods, and engineering practices. This
document is intended to be used in conjunction with the IEEE 45™ series of documents.

1.3 Purpose

IEEE Std 45.3™ provides a consensus of recommended practices for systems engineering and integration
of electrical power systems as applied specifically to ships, shipboard systems, and equipment.
IEEE Std 45.3 applies primarily to the design of moderately and highly complex vessels. Designers of less
complex vessels should selectively apply these recommended practices to address specific systems
engineering challenges.

1.4 The IEEE 45 series of documents

The IEEE 45 series of documents and their relationships are shown in Figure 1. IEEE Std 453 is a
recommended practice addressing the systems engineering of electrical power systems on ships and marine
platforms. Electrical power systems integration should be considered from the project beginning and
throughout the design and construction processes. Adherence to the IEEE 45.3™ electrical power systems
integration recommended practice provides an effective set of integration requirements and identifies key
issues and recommended solutions or options.

IEEE 45 — Recommended Practice for Electrical Installations on Shipboard
(IEEE 45 Series Base Document)

IEEE 45.3 — Systems Engineering ﬁ |[ Design Baseline :

—_—_— e e —— — — =

IEEE 45.4 — Marine Sectors and Functions {

IEEE 45.1 — Design ﬁ | Product Baseline |

IEEE 45.2 — Controls & Automation
IEEE 45.5 — Safety Considerations
IEEE 45.6 — Electrical Testing
IEEE 45.7 — AC Switchboards
IEEE 45.8 — Cable Systems

Figure 1—IEEE 45 Series
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1.5 Relationship between IEEE Std 45.3 and IEEE P45.1 [B11]

During the development of the IEEE 45 Series, there was much discussion on the focus of IEEE 45.3 and
the difference between IEEE P45.1 and IEEE Std 45.3. To clarify the differences, the following definitions
(quoted from the IEEE Standards Dictionary Online) are provided:

— design baseline: The output of the baseline design phase (equivalent to the preliminary baseline of
“detailed design” defined below).

— detailed design: “The process of refining and expanding the preliminary design of a system or
component to the extent that the design is sufficiently complete to be implemented.”

— product baseline: “The initial approved technical documentation . . . defining a configuration item
during the production, operation, maintenance, and logistic support of its life cycle.” See also 3.1.

— systems engineering: “An interdisciplinary collaborative approach to derive, evolve, and verify a
life-cycle balanced system solution that satisfies customer expectations and meets public
acceptability.”

— system life cycle: “The period of time that begins when a system is conceived and ends when the
system is no longer available for use.” See also 3.1.

Figure 2 shows the design process from concept design to product baseline and the relationship between
IEEE P45.1 [B11] and IEEE Std 45.3. This document (IEEE Std 45.3) discusses requirements for all phases
of system integration with an emphasis on the phases leading up to the completion of the design baseline.

IEEE 45.3

Concept Design < IEEE 45.3 — Systems
Engineering focuses on Concept

Concept Baseline / Design through Baseline Design
Preliminary Design

Preliminary Baseline

Baseline Design

@ Design Baseline

IEEE 45.1 - Detailed Design |EEE 45.1 Product Design
addresses Product Design using ! :
the Design Baseline requirements ! Product Baseline €p :

Figure 2—Relationship between IEEE Std 45.3 and IEEE P45.1 [B11]

IEEE Std 45.3 puts heavy emphasis on concept design, preliminary design, and baseline design of
integrated electrical power systems to prepare the design baseline for detailed design. IEEE P45.1 [B11]
describes the process of refining and expanding the design baseline of an electrical power system to the
extent that the product design baseline is sufficiently complete to be implemented (built and tested).

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
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.
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DDS 310-1 Rev 1, Design Data Sheet: Electric Power Load Analysis (EPLA) for Surface Ships.?
IEC 61850 Series, Communication networks and systems in substation.’

IEEE Std 1815™-2012, IEEE Standard for Electric Power Systems Communications—Distributed
Network Protocol (DNP3).*?

IEEE Std 1826™-2012, IEEE Standard for Power Electronics Open System Interfaces in Zonal Electrical
Distribution Systems Rated Above 100 kW.

ISO/TEC/IEEE 12207-2008, Standard for Systems and Software Engineering—Software Life Cycle
Processes.’

3. Definitions, acronyms, and abbreviations

3.1 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. ’

baseline: A technical data package defining a configuration item during the design, production, operation,
maintenance, and logistic support of its life cycle.

blackout: Aboard ship, a power outage (also power cut or power failure) of electrical power to an entire
ship. A blackout may be characterized as either a dark ship or a dead ship. Dark ship is when there is no
power generation online, but energy storage is available for control system and startup. Dead ship is when
there is no generation online and all the energy storage is depleted.

dependability: A measure of a system’s availability, reliability, and maintenance support. This may also
encompass mechanisms designed to increase and maintain the dependability of a system. (IEC 60050-191
(B7])

electrical interface: An interface with the primary purpose of transferring electrical power to or from the
interface. An electrical interface is described by voltage, number of phases, frequency, connected power,
grounding method, quality of service (QoS) requirement, and power quality standard.

electrical power system concept of operations (EPS-CONOPS): A document describing the expected
manner in which the power system will be configured and operated for normal and emergency operating
conditions.

electrical power systems integration: The process of ensuring that all electrical components operate or
perform as a system. Through each phase of the design process, the iterative application of systems
engineering achieves an improvement of performance greater than the sum of the components.

2DDS 310-1 is available from the Department of the Navy, Naval Sea Systems Command, Washington, DC 20376-5124.

* IEC publication are available from the International Electrotechnical Commission (http://www.iec.ch/).

* The IEEE standards or produced referred to in this standard are trademarks of The Institute of Electrical and Electronics Engineers,
Inc.

* IEEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).

¢ ISO/IEC/IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
"IEEE Standards Dictionary Online subscription is available at

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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functional interface: An interface that describes the expected behavior of the component in response to
stimulus experienced at the other interfaces. A functional interface is generally specified in the form of a
performance specification or dynamic model.

galvanic isolation: (A) A method of electrical isolation where neither the signal nor the common of the
output of the isolator is dc coupled to the signal or common of the input of the isolator, except for low-level
leakage associated with non-ideal components. (B) A principle of isolating functional sections of electrical
power systems, thus preventing the movement of charge-carrying particles from one section to another, i.e.,
no direct current flows between the sections. Energy or information can still be exchanged between the
sections by other means, e.g., by capacitance, induction, or electromagnetic waves or by optical, acoustic,
or mechanical means.

Galvanic isolation is used in situations where two or more electric circuits must communicate, but their
grounds may be at different potentials. It is an effective method of breaking ground loops by preventing
unwanted current from flowing between two units sharing a ground conductor. Galvanic isolation can also
be used for safety.

generator start time (t2): The maximum time to bring the slowest power generation module online.

information security: The process of protecting information and information systems from unauthorized
access, use, disclosure, disruption, modification, perusal, inspection, recording, or destruction.

integrated electric ship or platform: A ship or platform characterized by the transfer of the
preponderance of energy by electrical power, under the control of a supervisory controller connected to one
or more other ship or platform system supervisory controllers and where the electrical power system is
designed to allow for sharing sources of power among the loads.

master equipment list: A list of shipboard equipment to the level detailed in the ship’s weight report.

mechanical interface: An interface that describes the physical interaction of a component with external
components or structure. Mechanical interfaces include dimensions, weight, foundation interfaces, and
position of physical connections to other systems.

monitoring and control interface: An interface with the primary purpose of communicating information
or commands to or from the interface. A monitoring and control interface is usually described in the form
of a layered model, such as the OSI Basic Reference Model described in ISO/IEC 7498-1 [B37].

open architecture: The confluence of business and technical practices yielding modular, interoperable
systems that adhere to open standards with published interfaces. Open architecture can deliver increased
capabilities in a shorter time at reduced cost. Key open architecture principles include the following:

— Modular design and design disclosure

— Reusable application software

— Life-cycle affordability

—  Defined interfaces

—  Process for creating a system design while maximizing re-use of existing modules and software

privacy: The ability of an individual or group to seclude themselves or information about themselves and
thereby reveal themselves selectively.

product baseline: A technical data package describing the complete design in sufficient detail to enable
creating work instructions, ordering material and equipment, and scheduling work.

reconfiguration time (t1): The maximum time to reconfigure the distribution system without bringing on
additional generation capacity.
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systems list: A total ship-level document listing all systems to be installed. In early design phases, systems
may be shown generically.

technical data package: A technical description of an item adequate for supporting an acquisition strategy,
production, engineering, and logistics support. The description defines the required design configuration or
performance requirements and procedures required to ensure adequacy of item performance. It consists of
applicable technical data such as models, drawings, associated lists, specifications, standards, patterns,
performance requirements, quality assurance provisions, software documentation, and packaging details.

threat protection: The process of keeping someone or something safe from a source of danger.

3.2 Acronyms and abbreviations

ABT automatic bus transfer

CONOPS concept of operations

DDS design data sheet

DNP3 Distributed Network Protocol

EMI electromagnetic interference

EPS-CONOPS electrical power system concept of operations
FMEA failure modes and effects analysis

FMECA failure modes, effects, and criticality analysis
IA information assurance

ICD interface control document

IPS integrated power system

M&S modeling and simulation

MTBSI mean time between service interruptions
PDSS propulsion derived ship service

PSID power system interface device

QoS quality of service

RAM reliability, availability, and maintainability
RM&A reliability, maintainability, and availability
SOLAS safety of life at sea

ZEDS zonal electrical distribution system

4. Systems engineering

4.1 Introduction

Electrical power systems engineering is the development of an electrical power system concept of
operations (EPS-CONOPS), with margin policy and provisions for future changes, to meet the owner’s
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needs including normal operation, emergency operation, critical systems, appropriate regulatory

requirements, and implementation of a design that meets the owner’s requirements.

Electrical power systems engineering may include the following elements:

— Engineering baseline development
— Power system architecture development
— Power system element selection and specification

— Electrical power
— Interface control

system protection and reconfiguration design

— Information assurance (IA)

—  System analysis,

studies, and reports

— Modeling and simulation (M&S)

— Communications architectures and protocol selection
— QoS implementation

— Grounding system design

— Design for reliability and maintainability

— System testing and acceptance

4.2 Engineering phases

4.2.1 General

Engineering involves activities throughout the life cycle of a product. Most often, engineers tend to think of
activities necessary to design and develop a product. In reality, the process begins with identification of the
initial concept and proceeds through product design and fabrication. Every system goes through a design
process, typically composed of multiple engineering phases. Figure 3 shows the recommended engineering
phases and their relationships. Notionally, the engineering phases should be conducted in series.

Each engineering phase

should be concluded by the establishment of a baseline approved by the vessel

design team and the owner. This baseline then becomes a configuration item for the project.

Concept Design

Concept Baseline

Preliminary Design

Preliminary Baseline

‘Baseline Design

@ Design Baseline

Product Design

Product Baseline 4

Long-lead Construction
Procurement and Fit-out
Deliver <

Figure 3—Engineering phases and baselines
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4.2.2 Concept design

Concept design is the beginning of the design process. The top-level concepts should be defined during this
phase of design. All concepts and requirements should be very general with broad notions of what the
outcome will be. The approach should also be generalized. Hardware and software components should be
defined in a broad spectrum. The design may have many undefined elements that will be identified later in
the process. The concept baseline is the design product from the concept design. The top-level requirements
should be established during concept design.

During the concept design phase, different concepts are investigated, and trade studies are conducted on
each concept before a final concept is selected. Models and prototypes may be constructed to conduct these
trade studies in conjunction with simulations and analytic analyses. Concept verification should be
performed as specified in the Table 2 of IEEE Std 1826-2012."

During concept design, an EPS-CONOPS should be initiated as a statement of the required electrical power
system behaviors based on the vessel’s expected use. For details see Clause 12 and Annex D.

4.2.3 Preliminary design

Preliminary design is the second phase in the design process and should build on the concept baseline from
the previous design level. The design level finalizes the system requirements, develops the systems
architectures, and trades off multiple system and component candidate design solutions. All major
equipment are selected and arranged. System analysis is conducted to ensure all requirements are met and
to optimize the design. The design and selection of minor equipment may be deferred to later stages if the
risk of system rework is minimal. The preliminary baseline is the design product from the preliminary
design phase.

4.2.4 Baseline design

Baseline design is the third phase in the design process and should build on the preliminary baseline from
the previous design level. At this point in the design, the system and subsystem interconnections should be
identified. Most of the design issues should be addressed, and the designers should have specific
knowledge of the outcome. The design may still have a few holes and undefined elements, but most of the
design should be complete. The design should be analyzed to ensure all requirements are met. The risk of
significant system design rework should be minimized. The design baseline is the design product from the
baseline design phase.

4.2.5 Product design

Product design is the final phase in the design process and should build on the design baseline from the
baseline design phase. The long-lead items will have been specified and procurements initiated during
baseline design. All remaining electrical power system components should be specified, design issue
questions should be answered, and no undefined elements should be left in the design. Some additional
equipment/material will be procured during this phase to support the construction schedule. The product
baseline is the design product from the product design phase.

# Information on normative references can be found in Clause 2.
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4.2.6 Other activities
4.2.6.1 Construction and fit-out

During construction and fit-out (Figure 3), all remaining equipment and material are procured, and work
packages are developed for the construction trades. Test plans are developed and implemented. Engineering
changes are evaluated as needed when discrepancies or construction problems arise. When engineering
changes are authorized, they are incorporated into the product baseline and associated vendor specifications
and work packages.

4.2.6.2 Long-lead items

To meet production schedules, the procurement of material designated as long-lead items may as an option
be initiated prior to the establishment of the design baseline. Sufficient engineering must be accomplished
to develop specifications for these long-lead items with an acceptable level of risk that the specifications
and long-lead item procurement contract will require modification due to changes in the design baseline.

4.3 Interface control document (ICD)

4.3.1 General

ICDs are ship-level documents prepared as part of preliminary design and updated as necessary in later
stages of design. ICDs should identify functional, electrical power, monitoring and control, and mechanical
interfaces for all major equipment or assemblies. ICDs should be configuration controlled. Requirements
for interfaces should be consistent with owner requirements, classification or statutory rules, and equipment
installation and operation parameters.

4.3.2 Functional interfaces

Functional interfaces should describe the required behavior of the equipment as observed at the electrical
power, monitoring and control, and mechanical interfaces in response to initiating events such as changes
in interface parameters, changes in internal states, or receipt of monitoring and control system messages.
Generally this behavior should have an associated required response time with respect to the initiating
event.

4.3.3 Electrical power interfaces

Electrical power interface standards typically contain two aspects. The first is a description of the nominal
power interface, i.e., the system characteristics. This is usually defined to be at the input to the load. This
first aspect of the interface standard is largely something that is the responsibility of the system designer to
provide. The second aspect is a set of load constraints. The reasoning behind these load constraints is that if
all loads connected to an interface subscribe to the constraints, then the system characteristics will fall
within their nominal tolerances. This second aspect of the interface standard is largely something that is the
responsibility of the equipment designer.

Electrical power interfaces should be specified in terms of nominal voltage, nominal frequency (for ac
systems), number of phases, maximum current, grounding method, and physical connection. Power quality
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