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This is a Redline document
produced by Accuris.

Redlines are designed to save time and improve productivity by using the latest
software technology to find and highlight document changes from one edition to
the next. It includes a full-text version of the new document, plus an indication
of changes from the previous version.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document. This Redline is produced solely by Accuris. The publisher has not
prepared this Redline and is not responsible for its accuracy.

Contact:
https://store.accuristech.com/pages/contact.html
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Redline Processing Notes:

1. Red-Fext - Red strikethrough text denotes deletions.

2. Blue Text - Blue underlined text denotes modifications and additions.
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Abstract: Recommendations and requirements for the design and applications of power electronics
inland-based (onshore) and marine (offshore) electrical power systems are provided in this standard.
A wide range of power electronics equipment with aggregated power ratings at and above 100 kW
with voltages equal to or less than 52 kV (ac) or (dc) is covered. Existing engineering practices,
analytical methods, and performance characteristics are described. Applicable international and
local standards are referenced with appropriate guidance to provide users of the standard with
correct criteria for design, testing, and maintenance necessary for reliable operation of integrated
power systems.

Keywords: |IEEE 1662™, integrated power systems, PEBB, power electronic building blocks,
power electronics
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE
or IEEE SA 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 makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or guarantee against interference with or from other devices
or networks. In addition, IEEE does not warrant or represent that the use of the material contained in its
standards is free from patent infringement. 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 their
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: THE
NEED TO PROCURE 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.
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Translations

The IEEE consensus balloting 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 is the approved IEEE standard.

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, nor 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 the
presenter’s views should be considered the personal views of that individual rather than the formal position
of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements made by volunteers may not
represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, 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 Societies and subcommittees of the IEEE SA Board of Governors
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 evaluating comments or in revisions to an IEEE standard is welcome
to join the relevant IEEE working group. You can indicate interest in a working group using the Interests tab in
the Manage Profile and Interests area of the IEEE SA myProject system." An IEEE Account is needed to access
the application.

Comments on standards should be submitted using the Contact Us form.?

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html.
2Available at: https://standards.iece.org/about/contact/.

Documents

4 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UnfvERYJIgbSEhidaddd BF Fafehrigiaseseieesh:00 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1662-2023


http://www.avadocuments.com/doc/ieee-1662-2023
http://www.avadocuments.com/doc/ieee-1662-2023

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
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, neither IEEE nor its licensors waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate licensing fees, 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; https://www.copyright
.com/. 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 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 10 years. When a document is 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 IEEE Xplore or contact IEEE.? For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE standards are developed in compliance with the IEEE SA Patent Policy.’
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

3Available at: https://standards.ieee.org/about/contact.
4Available at: https://standards.ieee.org/standard/
’Available at: https://standards.ieee.org/about/sasb/patcom/materials.
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filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE SA
Website at https://standards.ieee.org/about/sasb/patcom/patents. 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.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in ways
not foreseen during the standard’s development. IEEE standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users 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.
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Introduction

This introduction is not part of IEEE Std 1662-2023, IEEE Recommended Practice for the Design and Application of
Power Electronics in Electrical Power Systems.

This revision of IEEE Std 1662-2016 provides recommendations and requirements for the design and
applications of power electronics in land-based and marine electrical power systems. It covers a wide range of
power electronics equipment with aggregated power ratings at and above 100 kW with voltages equal or less
than 52 kV. It describes existing engineering practices, analytical methods, and performance characteristics.
Applicable international and local standards are referenced with guidance to provide users of this standard
with correct criteria for analysis, design, testing, and maintenance of power electronics and reliable integration
of power electronics in electrical power systems. All recommendations in this standard are functional and do
not specify any particular equipment or equipment type.

Acknowledgments
The working group especially acknowledges the contributions of the group member Dr. Michael (Mischa)
Steurer from Florida State University Center for Advanced Power Systems, who passed away shortly before

publication of this standard. This standard is dedicated to his memory.

Permissions have been granted as follows:®

— Figure 1 through Figure 5 reprinted with permission from the Information Technology Industry
Council, ITI (CBEMA) Curve, 2000 [B35].

°Every effort has been made to secure permission to reprint borrowed material contained in this document. If omissions have been made,
please bring them to our attention.
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IEEE Recommended Practice for the Design and Application of Power

Electronics in Electrical Power Systems
1. Overview

1.1 Scope

This document specifies
applving power electronics (PE) in electrical power distribution and conversion svstems from a

equipment (PE) requirements, necessary power system analytical studies; PE-design-analysis and

testing, and certification, and inspection procedures in land-based and marine electrical power

systems. It covers a wide range of power electronics equipment with aggregated power ratings at

and above 100 kW with voltages equal to or less than 52 kV (ac) or (dc). Applicable international and

local standards are referenced with guidance to provide users of this standard with correct criteria

for reliable integration of power electronics in electrical power systems.

1.2 Purpose

The purpose of this document is to specify requirements recommend-a-methodelogy for the design
analysis and application speeificationsparameters-ot PE-equipmentforeleetrical powersystems—tt
analyzes-the-impaet of power electronics in land-based building-bloeks (PEBBs)-or-integrated-power

i 7 teht ied ~ and marine electrical power systems

ke reduction of o] on
1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).”®

"The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe

unavoidable situations.

8The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

1.4 Limitations

This standard is applicable to design and applications of PE equipment with aggregated power
ratings at and above 100 kW in land-based and marine electrical power systems with voltages equal

to or less than 52 kV (ac) or (dc).
1.5 Equipment covered by this standard

Some of the equipment is very specific to the power distribution system. Other equipment is the
end-use equipment that uses electrical power to perform its function. Examples of equipment

covered in this standard are as follows:
— Inverters
— Rectifiers
— Converters: dc to dc, dc to ac, frequency, cyclo-, and others
— Power factor and reactive power [static or dynamic volt-ampere reactive (VAR)] support
— Solid-state circuit breakers, solid-state transfer switches, and solid-state soft starters
—  Current limiters
— Motor drives
— Active harmonic filters
—  Uninterruptible power supply (UPS)
— Energy storage and pulse load systems
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— Static VAR compensator (SVC SVARC)
Track liod ifier (TPR.
— Energy storage and pulse load systems

—  Other equipment with built-in PE that has a utility or microgrid service as the power source,

such as auxiliary equipment, communication equipment, and radars
1.6 Guide for users

This standard is written to cover the needs of many different users of PE components, equipment,

and systems. Examples of stakeholders include the following;:
— Systems integrator
— System designer
— Equipment designer
— Component designer
— Equipment installer or repairman

—  End user
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.

IEC 60146-1-1:2024, Semiconductor converters—General requirements and line commutated

converters— Part 1-1: Specification of basic requirements.®

IEC TR 60146-1-2:2019, Semiconductor converters—General requirements and line commutated

converters—DPart 1-2: Application guidelines.

91EC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and the American National

Standards Institute (https://www.ansi.org/).
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IEC 60146-2:1999, Semiconductor converters—Part 2: Self-commutated semiconductor converters

including direct d.c. converters.

IEC 61000-3:2024 SER Electromagnetic compatibility (EMC)—Part 3: Limit— ALL PARTS.

IEC 61850:2022, SER Communication networks and systems for power utility automation—ALL

PARTS.

IEC 62271-1:2017+AMD1: 2021, High-voltage switchgear and controlgear—Part 1: Common

specifications for alternating current switchgear and controlgear.

IEEE Std C37.240™, TEEE Standard Cybersecurity Requirements for Substation Automation,

Protection, and Control Systems.1011

IEEE Std C57.18.10™, TEEE Standard for Practices and Requirements for Semiconductor Power

Rectifier Transformers.

104The IEEE standards or products referred to are trademarks of The Institute of Electrical and Electronics Engineers, Inc.

UTEEE publications are available from The Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).
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IEEE Std 519™, IEEE Recommended Practice and Requirements for Harmonic Control in Electric

Power Systems.**
IEEE Std 1012™, IEEE Standard for System, Software, and Hardware Verification and Validation.

IEEE Std 1100™, IEEE Recommended Practice for Powering and Grounding Electronic Equipment

(IEEE Emerald Book™).

IEEE Std 1409™, IEEE Guide for Application of Power Electronics for Power Quality Improvement
on Distribution Systems Rated 1 kV Through 38 kV.

IEEE Std 1547™, IEEE Standard for Interconnection and Interoperability of Distributed Energy

Resources with Associated Electric Power Systems Interfaces.

IEEE Std 1547.1™, IEEE Standard Conformance Test Procedures for Equipment Interconnecting

Distributed Resources with Electric Power Systems and Associated Interfaces.

IEEE Std 1547.3™, IEEE Guide for Cybersecurity of Distributed Energy Resources Interconnected

with Electrical Power Systems.

IEEE Std 1566™, IEEE Standard for Performance of Adjustable-Speed AC Drives Rated 375 kW and

Larger.

IEEE Std 1676™, IEEE Guide for Control Architecture for High Power Electronics (1 MW and

Greater) Used in Electric Power Transmission and Distribution Systems.

IEEE Std 1688™, IEEE Standard Requirements for the Control of Electromagnetic Interference

Characteristics of Replaceable Electronic Modules.

IEEE Std 2030™-2011, IEEE Guide for Smart Grid Interoperability of Energy Technology and

Information Technology Operation with the Electric Power System (EPS), End-Use Applications,

and Loads.
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IEEE Std 2030.7™-2017, IEEE Standard for the Specification of Microgrid Controllers.

IEEE Std 2030.8™-2018, IEEE Standard for the Testing of Microgrid Controllers.

IEEE Std 2800™-2022, IEEE Standard for Interconnection and Interoperability of Inverter-Based

Resources (IBRs) Interconnecting with Associated Transmission Electric Power Systems.

IEEE Std 3003.2™, IEEE Recommended Practice for Equipment Grounding and Bonding in

Industrial and Commercial Power Systems.

IEEE Std 3007.2™-2010, IEEE Recommended Practice for the Maintenance of Industrial and

Commercial Power Systems.

ISO 9001, Quality management systems: Requirements.12¢

NEMA ICS 1.1, Safety Guidelines for the Application, Installation, and Maintenance of Solid State

Control.137

NEMA ICS 10, AC Transfer Equipment, Part 2: Static AC Transfer Equipment.

126 ]SO publications are available from the International Organization for Standardization (http://www.iso.org/). ISO publications

are also available from the American National Standards Institute (http://www.ansi.org/).

137NEMA publications are available from the National Electrical Manufacturers Association (http://www.nema.org/).
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NFPA 70®, National Electrical Code® (NEC®).141582

UL 347A, Medium Voltage Power Conversion Equipment.16+
UL 508C-2008, Standard-for Power Conversion Equipment.
UL 1008S, Standardfor Solid-State Transfer Switches.

UL 1741, Inverters, Converters, Controllers, and Interconnection System Equipment for Use with

Distributed Energy Resources.

UL61800-5-2, Standard—fer Adjustable Speed Electrical Power Drive Systems—Part 5-2: Safety

Requirements —Functional.

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. 17+

active filtering: Controlling power quality with power electronic equipment without impacting

primary control of system voltage.

energy storage system (ESS): System that is capable of absorbing energy, storing it, and dispatching

the energy back into the power system.

fault: An abnormal condition where voltages and or currents exceed exeeeding designated limits,

and which warrants immediate shutdown of the affected section of the entire system. Faults often

lead to cascading systems failure if not addressed correctly.

148 NFPA publications are available from the National Fire Protection Association (http://www.nfpa.org/).

159 National Electrical Code, NEC, and NFPA 70 are registered trademarks in the U.S. Patent & Trademark Office, owned by the

National Fire Protection Association.
163 UL publications are available from UL publications are available from Underwriters Laboratories (http://www.ul.com/).

17 # J[EEE Standards Dictionary Online is available at: http://dictionary.ieee.org/. An IEEE account is required for access to the

dictionary, and one can be created at no charge on the dictionary sign-in page.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 18:02:00 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1662-2023


http://www.avadocuments.com/doc/ieee-1662-2023
http://www.avadocuments.com/doc/ieee-1662-2023

integrated power system (IPS): A power system where all prime movers are used to produce
electrical power that is shared among propulsion, mission, microgrids, or service loads.
Discriminating attributes of IPSs are flexibility of arrangements, mechanical decoupling between
prime movers and propulsors, an increased level of energy conversion and transmission

redundancy, and flexibility of redistributing available electrical power for future electrical loads.

integrated power and energy system (IPES): An IPS that also features a distributed energy storage

system (ESS).

interoperability: The capability of two or more networks, systems, devices, applications, or

components to externally exchange and readily use information securely and effectively.

land-based (onshore effshere) power systems: Power systems installed on the land as

distinguished from being in deep or open waters.

low voltage: Rated 1000 V (ac) or 1500 V (dc) and below.

marine (offshore) power systems: Power systems with multiple power sources installed on ships,

boats, mobile, and fixed offshore units.

medium voltage (MV): Rated above 1000 V (ac) or 1500 V (dc) and less than or equal to 52 kV.

power electronic building block (PEBB): A generic building-block concept for power electronics

that incorporates standard modules that can be quickly configured to meet the specific hardware

and software needs of particular applications.

power electronics (PE): Single device or system utilizing power semiconductors for conversion,

switching, protection, and distribution of electrical power.

protecting: Mitigating measures to manage effeets—frem fault currents, overvoltages, or loss of

power source.

pulse load: Variable level non-continuous load
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resistance grounded: Grounded through impedance, the principal element of which is resistance, to

limit current to the ground.

solidly grounded: Connected directly to ground through an adequate ground connection in which

no impedance has been inserted intentionally.

sourcing: Converting power from one or more voltage or frequency levels while being in control of
the output voltage or current (or phase angle in the case of alternating current) at its electrical output

terminals.

ungrounded: A system, circuit, or apparatus without an intentional connection to ground, except

through voltage-indicating or measuring devices, or other very high impedance devices.

zonal distribution: Electrical power architecture structured by zones where a zone is a logical and
physical grouping of generation, storage, or consumption assets arranged in a common
neighborhood. Zones with generation or storage may be operated for periods of time independently

from the power system. A zone is the smallest logical and physical grouping of assets.
3.2 Acronyms and abbreviations

2-D two-dimensional

3-D three-dimensional

ae—————alternatingeurrent

AFE active front end

ASD adjustable speed drive

BSES backup stored energy system
CSI current source inverter

de direet-etrrent

EMC electromagnetic compatibility
EMI electromagnetic interference
EMP electromagnetic pulse
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ESS

HMI

HRG

HSSB

IGBT

IPS

LAN

LRU

MTBF

MTTR

MV

MVDC

energy storage system
human machine interface
high resistance grounding
hybrid solid-state breaker
insulated gate bipolar transistor
integrated power system
local area network

line replaceable unit

mean time between failures
mean time to repair
medium voltage

medium voltage direct current

NEC— National Electric Code® (NEC®) (NEPA 70)

PE power electronics

PEBB power electronic building block
PU————powerunit

PWM pulse width modulation

QOS quality of service

SCR silicon-controlled rectifier, thyristor
SMES superconducting magnetic energy storage
SSCB solid-state circuit breaker

SSSS solid-state soft starter

STS solid-state transfer switch

SVC SVARC static VAR compensator
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TCR thyristor-controlled rectifier

TPDR traction power diode rectifier
TRD total rated-current distortion
UPS uninterruptible power supply

VAR——volt-ampreaetive

VED variable frequency drive
VsC voltage source converter
VSI voltage source inverter

4. Power electronics (PE) equipment applications

4.1 Types of system-level functions

Four types of system-level functions may be assumed by any given PE equipment or subsystem.

They are listed as follows:
a) Power conversion

1)  Sourcing: The PE could be viewed as a source at one or more of its terminals. As such, it
converts power from one or more voltage or frequency levels while being in control of
the output voltage or current [or phase angle in the case of alternating current (ac)] at its
electrical output terminals. The PE may include substantial energy storage capacity.
Examples for this application are active inverter connected to a high-inertia speeé
generator, direct current (dc)/dc converter feeding a zone in a dc zonal distribution

system, and dynamic voltage restorer.
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2) Loading: The PE may be viewed as a load at one or more of its terminals. As such, it is
passive with respect to fundamental voltage or current control. Although normally it
will be demanding power from the portion of the power system upstream of its
terminals, it may also temporarily provide power. The PE may provide substantial
energy storage capability. Examples for this application are a diode rectifier of a
propulsion drive and a dc/dc converter fed from the dc lateral bus in a dc zonal

distribution system.
b) Power conditioning

1) Protecting: The PE should protect equipment, conductive path, and continuity of
power. As such, it does not convert power between voltage or frequency levels, nor
does it include any substantial energy storage capacity. Examples for this application

are transfer switch, fault current limiting circuit breaker, and crowbar switches.

2)  Active filtering (shunt connected): The PE may actively control the power quality of the
system voltage or current. It is passive with respect to fundamental frequency voltage
control, but will actively control non fundamental components of the system voltage or

current, and it may control reactive power in ac systems.

The purpose of distinguishing these functions is to segregate specific PE applications, converter
functions, and converter topologies as discussed in Clause 7 later from their respective system-level

functions.

The reason for defining the two basic functions “sourcing” and “loading” for power conversion is to
acknowledge the importance of voltage control in converter fed systems. Although a converter that
assumes the function of sourcing performs primary voltage control, the one that is loading behaves
passively with respect to voltage control. Many converters can assume either function solely by
applying different control algorithms. These two basic functions have nothing to do with the actual
flow of power. In many applications, only one converter will assume the function of sourcing in
order to maintain system stability. However, it is conceivable that in special cases, more than one
converter can assume sourcing simultaneously. Three examples that illustrate the different

combinations of power flow and function are as follows:
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— The active front end of a variable speed motor drive may regenerate power into the system
to which it is connected without participating in system voltage control. Therefore, even

during the regeneration phase, this front end converter still assumes the function of loading.

— The machine inverter of a flywheel energy storage system (ESS) connected to a dc
distribution system. During the charging of the flywheel, the inverter assumes the function
of loading with respect to the dc system. However, if the upstream converter feeding the dc
system shuts down and the dc system should be powered from the flywheel ESS, its machine
inverter will change its function to sourcing because it then controls the voltage in the dc

system.

— Bi-directional rectifier connected to an ac distribution system and powering a dc system
assumes the function sourcing on the dc side regardless of the actual power flow. Therefore,
even if power flows from the dc system into the ac system, the rectifier is sourcing the dc

system.

PE that converts power between different frequencies or voltages may also participate in system-
level protection functions, whereas certain PE only assumes the function of “protecting.” It
specifically does not convert power between different frequencies or voltages, and behaves passively

passive with respect to voltage control. Therefore, this protective function is specifically called out in

this recommended practice guicle. Examples include static transfer switches, solid-state fault current

limiters, and solid-state crowbar switches.

A fourth system level function exists called “active filtering.” This function only affects the quality of
the voltage or current waveforms, although it does not actively control the magnitude of the

fundamental waveform component. Only a static VAR compensator (SVC) an-SVARC, which is also

considered to assume the function of active filtering, affects the fundamental current waveform
component in voltage-controlled systems. However, while performing the function of active filtering,

it does not provide primary voltage control, and hence, does not assume the function of sourcing.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 18:02:00 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1662-2023


http://www.avadocuments.com/doc/ieee-1662-2023
http://www.avadocuments.com/doc/ieee-1662-2023

4.2 Recommended PEBB architecture for PE applications

The PEBB concept includes power processor blocks (single phases or multiple phases), gate drives
and sensor blocks, analog-to-digital converter blocks for sensor signals, switching or gate drive
control blocks, and blocks for communication with higher level controllers. The exact requirements
for the system protection depend on its mission and configuration of the system. Each PEBB
includes built-in self-protection against voltage surges, overvoltage and undervoltage, fault currents,

ground currents, internal faults, overloads, and over temperature. Recommended PEBB architecture

for PE applications is shown in Figure 1 from IEEE Std 1676™-2010;.18*

1822 Information on references can be found in Clause 2.
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Figure 1—Recommended architecture for PE applications

4.3 Land-based (onshore) and marine (offshore) power systems
differences

Equipment designers and system designers should consider that marine electric power systems are
significantly different than onshore land-based electric power systems. Therefore, equipment

designers and system designers should take into account the following aspects:

—  Generating capacity and rotational inertia are relatively small compared with a number of
single loads. Therefore, the concept of an “infinite bus” or “slack bus,” often applied for
design and analysis of land- based electric power systems, is not applicable for microgrids or

shipboard electric power systems.
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— Shipboard electric power system prime movers for generators are smaller than their land-
based counterparts. The smaller prime movers have time constants much closer to the
generators’ electrical time constants. Therefore, the separation of mechanical and electrical
time scales for system analysis, a method yielding acceptable results for land-based systems,
is often not applicable for shipboard electric power systems. In fact, mechanical and

electrical dynamics are very strongly coupled.

— Connections between equipment (i.e., cable runs) are electrically very short compared to

with land based systems, with the exception being fixed offshore systems like offshore wind

turbines. Therefore, transmission line dynamics typically do not play a significant role.

The small size, lack of inertia, tight coupling, and “close” electrical proximity of microgrids and
shipboard electric power systems require fast frequency and voltage controls. During parallel
operation of generation equipment (both rotating machinery and PE based), control information
may have to be provided to all the equipment very rapidly in order to enable appropriate load

sharing between the units to help prevent power interruptions.

PE equipment is the enabler for the highly dynamic and rapid allocation of resources through fast
control of the load flow throughout the electrical power system. Therefore, the normal line
impedance-based load flow formulations may not apply. For the dynamic analyses, it may be
inappropriate to assume constant voltage and frequency conditions and the concept of constant
power injection. Furthermore, advanced control methods such as control agent technologies may be

applied to microgrids and shipboard electric power systems.

ISO/IEC/IEEE 80005-1:2012(E) [B34 B3%] should be applied for ship-to-shore (Black Start) ship power

system to utility connections.!?

Despite fast controls, the lack of substantial inertia, and the specific characteristics of prime movers
may result in large excursions of voltages and frequencies under normal and contingency operations
of the system. For land-based systems, the allowable ranges of such excursions are restricted by
standards and guidelines to protect the proper functioning of the wide variety of possible loads
customers may connect to the power system. However, the concept of separating “utility provider”

and “power customer” is, to a large extent, meaningless onboard a ship or for a microgrid.

YThe numbers in brackets correspond to those of the bibliography in Annex A.
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It can be expected that future smart microgrids and marine power designs may require that the PE

equipment perform and function, possibly at reduced power, under more severe excursions of

system voltages and frequencies than currently stated in the standards governing power quality.
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Source: Ericsen. Hingorani. and Khersonsky. “Power Electronics and Future Marine Elec-
trical Systems,” JEEE Transactions on Industry Applications [B3] © 2006.

5. General requirements
5.1 Introduction

PE should comply with the IEEE, IEC, and UL standards applicable to the specific type of PE
equipment, and standards listed as-rermative in Clause 2, IEEE Std 2030.7™, IEEE Std 2030.8™, and

IEEE Std 3003.2™, as well as with all requirements in this standard.
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5.2 Power rating

The PE power rating can be impacted by environmentally specific requirements, overload
conditions, and protection equipment. The nominal power rating of PE equipment is the rated load
at which the equipment can continuously operate without exceeding the steady-state temperature

rise as specified by the manufacturer. The nominal rating should be stated on the nameplate.

Power converters often have constant power load behavior and alse are subject to voltage and

current limits; therefore,

eonditions: dynamic operating conditions such as start-up inrush, ride through, switching transients,

and faults can alse impact the converter power rating characteristics.

These operating conditions require system-_level analysis. In addition, efficiency and power factor
are two important converter parameters. Note that the displacement factor is often used in place of
power factor, although strictly speaking, the displacement factor only refers to the fundamental

frequency, voltage, and current relationship.

PE should be designed for continuous operation at 110% of rated power (IEEE Std 1566™) within
the maximum ambient and cooling water or air temperature (if water or air cooled) without

reduction of the equipment’s performance. The number and type of PE equipment and the capacity

for a specific application should be determined as—foHows—The—selection—of—capacity—forPE

oups—ofJoads—should-be-based on the normal operating load under the

specified operating conditions as determined by the load analysis. The reserve capacity to support
the microgrid or ship service load and future growth should be provided as specified in the
acquisition specification. The selection of capacity for PE equipment supplying individual loads

should be based on normal connected load unless otherwise specified.
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a) El ic ajreraft
Source: Wheeler and Bozhko, “The More Elegfric Aircratl\’ /EEE Electrification Magazine [B35] © 2014.
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Reprinted with permission from Fuji Electric, “Power Electronics Technology that Supports Smart Grid” [B49] © 2011.
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L2 Ilelasesrpecuirements

5.2.1 Rated voltages

The system voltage selection should be performed by a system designer and is driven by the power

level, with consideration of cable size and protection devices limitations. Nominal voltages for ac

systems are defined in IEEE Std C37.20™ and the IEEE C37.100™ series of standards for switchgear

assemblies. Nominal voltages for medium-voltage direct current (MVDC) in IEEE Std 1709™ [B24

B22] could be applied.

PE supplied from the electrical distribution systems should be capable of being operated

satisfactorily under occurring variations in voltage, frequency, and power quality conditions, as

stated herein. The electrical equipment supplied from the main or emergency systems are to be

capable of being operated satisfactorily under occurring variations in voltage and frequency. Unless

otherwise specified in national or international standards, the variations in Table 1, Table 2,* and

Table 3 apply.2

Table 1—Voltage and frequency variations for ac distribution systems

Quantity Permanent variation Transient variation
in operation (recovery time)
Frequency +5% +10% (55)
Voltage +6%. —10% =20%(1.5%)

Table 2— Voltage variations for dc distribution systems

Parameters Variations
Voltage tolerance (continuous) +10%
Voltage cyclic variation deviation 5%
Voltage ripple (ac root-mean-square over steady dc voltage) 10%

NOTE—IEEE Std C37.20.1™ specifies upper voltage limitation for dc systems used for control

power or auxiliary functions as +12%.

201 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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Table 3—Voltage variations for battery systems

Type of system

Variations

Components connected to the battery during charging

+30%. —25%

Components not connected to the battery during charging

+20%. —25%

Any special system, such as electronic circuits, whose function cannot operate satisfactorily within

the limits shown in tables Fable-3Fable-4,and-Table-5, should be supplied directly by a stabilized

supply.

5.2.2 Voltage tolerance

If equipment users do not specify it, at any voltages, PE should tolerate without damage ITI

(CBEMA) Curve voltage tolerance envelope (shown in Figure 2 3) as the design goal. :
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ITI {CBEMA) Curve (Revised 2000) [B31), reprinted with permission fram ITI, Washington, DC.
The Curve was put together by a now defunct technical committee; it has not been updated to reflect any changes since publication.
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