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edition to the next. It includes a full-text version of the new document, plus an indication
of changes from the previous version.

Redlines are designed to save time and improve efficiencies by using the latest
software technology to find and highlight document changes. More professionals are
using valuable new technologies like redlines, to help improve outcomes in a fast paced
global business world.

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 Techstreet. IEEE has not
prepared this Redline and is not responsible for its accuracy.
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Abstract: A technical basis for implementation of electronic power subsystems is provided in this
recommended practice. It is intended for electronic systems engineers and integrators, electronic
power subsystem designers and integrators, as well as for power element manufacturers and
suppliers. System-level issues in element or subsystem integration, adaptation, and accommodation
are addressed, and system interface parameters, test methods, and test conditions are defined.
Ac—dc, dc-ac, and dc—dc electronic power subsystems are discussed. The range of electronic
power subsystems includes those with dc, single-phase, and three-phase inputs, having power
levels from a fraction of a watt up to 20 kW. The voltage range is 600 V and below at a frequency
or frequencies of dc 1 kHz. Internal operating frequencies within elements or subsystems may
be much higher than 1 kHz. This recommended practice may be used outside the range where
applicable. IEEE Std 1515™-2000 is built on and supplemented in this document.

Keywords: electronic power subsystems, IEEE 1573™, 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.html),
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 the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. 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. 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 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: 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.

Translations

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

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 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 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.

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, IEEE does not waive any rights in copyright to the documents.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
*Available at: https://standards.iece.org/content/icee-standards/en/about/contact/index.html.
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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
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.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

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.

Documents

5 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRY S R:2824 Jr BRSNS 586@8vRA20:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1573-2021


https://www.copyright.com/
https://www.copyright.com/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee
https://standards.ieee.org/standard/index.html
https://standards.ieee.org/about/sasb/patcom/materials.html
http://www.avadocuments.com/doc/ieee-1573-2021
http://www.avadocuments.com/doc/ieee-1573-2021

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

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. 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 1573-2021, IEEE Recommended Practice for Electronic Power Subsystems:
Parameters, Interfaces, Elements, and Performance.

A technical basis for implementation of electronic power subsystems is provided in this recommended practice.
It is intended for electronic systems engineers and integrators, electronic power subsystem designers and
integrators, as well as power element manufacturers and suppliers. It addresses system-level issues in element
or subsystem integration, adaptation, and accommodation. It also defines system-level interface parameters,
test methods, and test conditions. It provides for a systems engineering approach to acquisition, adaptation,
and integration of electronic power subsystems, facilitates and promotes a modular approach to element or
subsystem integration, and enables effective communication between the end users of power electronics and
their manufacturers or suppliers.
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IEEE Recommended Practice for
Electronic Power Subsystems:
Parameters, Interfaces,
Elements, and Performance

1. Overview

1.1 Scope

This recommended practice applies to ac—dc,ane dc-ac, and dc—dc electronic power subsystems. The

range of electronic power subsystems includes those with dc, single-phase, and three-phase inputs,

having power levels from a fraction of a watt up to 20 kW. The voltage range is 600 V and below at a

frequency or frequencies of dc 1 kHz.Internal-eperatingfrequencies-within-elements-ersubsystems

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:20:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1573-2021


http://www.avadocuments.com/doc/ieee-1573-2021
http://www.avadocuments.com/doc/ieee-1573-2021

1.2 Purpose

The purpose of this recommended practice is threefold:

a) To provide a systems engineering approach to acquisition, adaptation, and integration of

electronic power subsystems:-
b) To facilitate and promote a modular approach to element or subsystem integration

C) To enable effective communication between the end users of power electronics and their

manufacturers or suppliers:

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).6f 7

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 Organization ef thisrecommended-practice

This recommended practice is organized into 11 eleven clauses and four annexes.

6The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

7The 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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Clause 1 is an overview of the scope, purpose, and organization of this recommended practice.
Clause 2 lists the references that should be consulted when using this recommended practice.
Clause 3 identifies definitions and acronyms used throughout the text of this recommended practice.

Clause 4 contains parameters that are at an element level. These parameters can be added to IEEE

Std 1515™-2000 upon its revision.8

Clause 5 identifies essential considerations for designing and implementing electronic power
subsystems in the areas of requirements definition, architectural considerations, and system

interaction. Four interfaces are defined as follows defined: electrical interface, mechanical interface,

environmental interface, and system effectiveness interface.

Clause 6 identifies electrical interface parameters related to electrical interactions between elements,
or between an element and its higher level subsystem, including parameter definitions, test

methods, and test conditions.

Clause 7 presents mechanical interface parameters related to mechanical interactions between

elements, or between an element and its higher level subsystem.

Clause 8 presents environmental interface parameters that concern the subsystems’ local conditions

such as temperature, humidity, vibration, and dust.

Clause 9 contains system effectiveness interface parameters including reliability, logistics, and

methods to predict or extend the life cycle of a subsystem.

Clause 10 discusses system integration issues of electronic power systems design and specification.
It is intended to cover the major issues of concern and provide guidance to the designer as to the

applicability of commercial items.

§1Informat'ion on references can be found in Clause 2.
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Clause 11 discusses adaptations that can be made to any or all of the system interfaces described in
5.1. The benefits of adapting a commercial item shall must be favorable with regard to a custom

development considering schedule, risk, performance, and total cost.

Annex A is a list of additional readings (bibliography) that one may find helpful in understanding

this recommended practice.

Annex B provides a list of performance parameters. It provides performance levels that are
“commonly available” (from manufacturer’s catalog items). This allows designers to use this
recommended practice to determine the extent that an existing product (element) may be used to
configure a particular electronic power subsystem. The data are dynamic and they change with

technology.

Annex C is an index for all the parameters that are defined in both IEEE Std 1515™-2000 and-#-IEEE
Std 1573™.-2003.

Annex D is a brief summary of definitions, test methods, and commonly used corrective actions

related to (nuclear) radiation effects for natural as well as man-made radiation effects on electronics.

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.

This recommended practice should shall be used in conjunction with the following publications. If

the following publications are superseded by an approved revision, the revision shall apply.

Although current practice favors the use of commercial and/or international standards, several

military standards are ubiquitous to the commercial market.
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Federal Acquisition Regulations (FAR), Part 2, Definitions of Words and Terms (FAC 97-17), 25

April 2000.%

IEEE Std 1515™-2000, IEEE Recommended Practice for Electronic Power Subsystems: Parameter

Definitions, Test Conditions, and Test Methods. 102,113

3. Definitions;abbreviations, acronyms, and abbreviations symbels

3.1 Definitions

For the purposes of this document recommended—practice, the following terms and definitions

apply. The Autheritive DietionaryofIEEE Standards Dictionary Online Iefms,%eveﬁth—Ee‘riﬁekaBlé}é

should be consulted referenced for terms not defined in this clause.12

24The Federal Acquisition Regulation (FAR) is available online (http://www.arnet.gov/far/).

mgl"he IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated hae.

1ISiEgE publications are available from The Institute of Electrical and Electronics Engineers (https://standards.ieee.org/). ~Fne445

121EEE 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.
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The terms collected here are not all inclusive of the terms used to describe an electronic power

distribution subsystem. Additional terms can be found in the Handbook of Standardized Terminology

for the Power Sources Industry [B41].13

combined effects: The condition where two or more parameters act on an element to influence

performance.

commercial component: Any component that is a commercial item as defined in Federal Acquisition

Regulations (FAR), 25 April 2000.

commercial item: Any component that is a commercial item as defined in Federal Acquisition

Regulations (FAR), 25 April 2000.
Commercial item means:

a) Any item, other than real property, which is of a type customarily used for non-

governmental purposes and that:

1) Has been offered for sale, lease, or license to the general public.;-ex;

2) Has been offered for sale, lease, or license to the general public.

b) Any item that evolved from an item described in step a) of this definition through advances
in technology or performance and that is not yet available in the commercial marketplace;
but will be available in the commercial marketplace in time to satisfy the delivery

requirements.

c) Any item that would satisfy a criterion expressed in item a) or item b) of this definition, but

for:

136The numbers in brackets correspond to those of the bibliography in Annex A.
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1)  Modifications of a type customarily available in the commercial marketplace.;-e*

2)  Minor modifications of a type not customarily available in the commercial

marketplace.

commercial off-the-shelf: Items that whieh can be purchased through commercial retail or
wholesale distributors, as is, and are generally available as a catalog item as defined in U.S.A.F.

Scientific Advisory Board, April 2000.
cooling medium: Coeling-medium-is The material used to transfer heat in a heat flow path.
electrical terminations: Physical attachments to achieve electrical interface connections.

element: An-element-is—an accessible building block of an electronic power subsystem. Depending
on the context, usage, or the intended use, it can be referred to as component, circuit card, assembly,
subsystem, or product. The functions and features of an element can be unambiguously defined at
its interfaces by the corresponding interface parameters. An element could be acquired as either a
commercial or a custom item and where its features and function could be subjected to adaptation to

accommodate specific demands of the intended applications.

input voltage spikes: Bidirectional Input-veltagespikes-arebi-directional voltage levels of a shorter

duration than transients. Spikes can be caused by lightning strikes, inductive kicks, load changes, or
any other input line voltage abnormality. Spikes typically can be suppressed by unidirectional or
bidirectional transient suppressors such as metal oxide varistors (MOVs), bipolar transient

absorbers, and gas discharging tubes.

input voltage transients: Input—veltagetransients—are-Voltage levels that are outside steady-state

levels. Since it is a transient, it will not be sustained for a steady-state condition. These transients are
generally random in nature and have a duration of up to seconds; however, they typically result in

very low duty cycles, less than 1%.

logistics: Legisties-is-The discipline of planning and accomplishing acquisition, storage, movement

of materials, and the maintenance of systems.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:20:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1573-2021


http://www.avadocuments.com/doc/ieee-1573-2021
http://www.avadocuments.com/doc/ieee-1573-2021

platform: A-—platferm-is-An end-using system such as an airplane, an automobile, a battle tank, a

satellite, medical equipment, a personal computer, and so on ete.

power density: Pewer-density-is-The ratio of total rated output power to the physical volume of the
electronic power subsystem, including all interface requirements imposed by the identified

electronic power subsystem. This normally includes electromagnetic interference (EMI) filters and

heat exchanger volume. A given electronic power subsystem can have different power density

ratings in different applications.

supportability: The degree to which system design characteristics and planned logistics resources
support system operations and readiness needs throughout the system’s service life at an affordable

cost.

synchronization of elements: Operation of power electronic elements at a common frequency,
multiple of a common frequency, or a fraction of common frequency, achieved via a synchronization

signal between elements and/or the external interface.

3.2 Abbreviations-Acronyms; and abbreviations symbels

A ampere

ac alternating current

ASIC application-specific integrated circuit

ASSL abnormal steady-state limit

ATP acceptance test procedure/plan

BABT British Approvals Board for Telecommunications (Certification Company)
BIT built-in-test

BW bandwidth

°C degrees Celsius
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CAN

CB

CCA

CE

CFM

CG

CI

CM

COTS

CSA

dc

di/dt

DIN

DIP

DM

DMM

EEE

EMC

EMI

EPSS

controller area network

circuit breaker

circuit card assembly

European Union Conformity Mark (European Commission)

cubic feet per minute

center of gravity

commercial item

common mode

commercial-off-the-shelf (equivalent to CI)

Canadian Standards Association

direct current

rate of current change

Deutsche Institut fur Normung (German Standards Institute)

dual in-line pins

differential mode

digital multimeter

electronic, electrical, and electro mechanic

electromagnetic compatibility

electromagnetic interference

electronic power specification standardization
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ESD

ESS

ESSL

ET

FAR

FCC

FIT

GIDEP

HALT

HASS

HCP

HIRF

Hz

I/F

/v

IC

ID

IEC

IEEE

electrostatic discharge

environmental stress screening

emergency steady-state limit

elapsed time

Federal Acquisition Regulations

Federal Communications Commission

failure in time

Government-Industry Data Exchange Program

highly accelerated life test

highly accelerated stress screening

horizontal coupling plane

highly intensified radio frequency

Hertz

current

interface

current/voltage

integrated circuit

identify or identification

International Electrotechnical Commission

Institute of Electrical and Electronics Engineers
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Iin

ISA

ISO

JEDEC

kHz

LFM

LRU

MHz

MOSFET

MOV

MSDS

MTBF

NA

nom

NSSL

OVP

OSJTF

PCMCIA

p-p

input current

Industry Standard Architecture

International Standardization Organization

Joint Electron Device Engineering Council

kiloHertz

linear feet per minute

line replaceable unit

megaHertz

milliseconds

metal oxide semiconductor field effect transistor

metal oxide varistor

material safety data sheet

mean time between failure

not applicable

nominal

normal steady-state limit

overvoltage protection

open systems/joint task force

Personal Computer Memory Card International Association

peak-to-peak
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PEC

ppm

PSI

pwb

pwm

QPL

RF

RTS

SEM

SIP

spC

STP

TCE

TEC

TUV

TVS

UL

uuT

UvPp

power factor correction

parts per million

pounds per square inch

printed wiring board

pulse width modulation

qualified parts list

radio frequency

resonant transition switching SAMstandard aerospace module

standard electronic module

single in-line pins

statistical process control

standard temperature and pressure

thermal coefficient of expansion

thermo-electric cooler

TUV Rheinland (Certification Company)

transient voltage suppressors

euro standard height unit approximately 1.75 in

Underwriters Laboratories

unit under test

under voltage protection
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s microsecond

\Y% volt

Vac ac voltage

Vdc dc voltage

vcp vertical coupling plane

VDE Verband Der Elektrotechnik (The Association for Electrical, Electronic and Information

Technologies for the German Republic)

Vin input voltage

VHDL VHSIC hardware description language

VHSIC very high-speed integrated circuits

VME Versa Module Europa (A European Standard for Packaging Electronics). VME is also

an IEEE and an ANSI standard

Vout output voltage

\ Watt

Zin input impedance
Zload load impedance

Zout output impedance
ZCS zero current switching
ZVS zero voltage switching
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4. Element-level parameters

The parameters defined in this clause are applicable at the element or system level and are
commonly tested at the system level. These parameters logically belong to the companion document

of IEEE Std_1515-2000. This can be done upon its revision.

4.1 Set point voltage accuracy

4.1.1 Definition

Set point voltage accuracy is the ratio of the measured to the nominal output voltage,(Vm Vn) x

100/Vn. (See4.4.2 in-alse-IEEE Std 1515-20004-4-2.)

4.2 Maximum power dissipation

4.2.1 Definition

The amount of power that will be dissipated by the electronic power subsystem under the combined

specified conditions. (See 4.3.2 in IEEE Std 1515-2000,4-3-2-.)

4.3 Contact resistance

4.3.1 Definition
The electrical resistance found between two mating surfaces.

4.3.2 Test method

Apply a current equal to the mated rating of the connecting feature (pin, screw terminal, bus bar),
and measure the voltage drop across the junction of the connection using a four-wire method. The
value obtained by dividing the measured voltage drop by the current applied represents the contact

resistance.
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4.3.3 Test condition

Per 4.7.1 of IEEE Std 1515-2000,4-%%.

4.4 Input undervoltage protection

4.4.1 Definition

Input undervoltage protection is the function of a component or circuit in an electronic power
subsystem designed to sense and provide protection against an input voltage that is below the level

of normal or safe operation. Protection is achieved by shutting down or reducing operating stress.
4.4.2 Test method

Connect the test setup as shown in Figure 1. Use a digital multimeter (DMM) that measures the dc
voltage or root-mean-square (rms) value of an ac voltage input to the unit under test (UUT). With
the input to the UUT initially adjusted to nominal voltage, slowly decrease the input. Record the
voltage level at which the UUT generates an input undervoltage signal and verify that the UUT has
shut down. Some UUTs will-aetaally continue to operate at low input voltages until the output
voltage decreases to a level that generates an output undervoltage signal. Readjust the input voltage
to nominal and verify the response of the UUT. Some UUTs will reset themselves and return to
normal operation, while in other UUTs, the fault may latch up and wait for a restart command to

recover to normal operating conditions.
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Power
Source

UuT

Load

DMM or other
Measurement
Devices

DMM or other
Measureament
Devices

Figure 1—Test setup for input undervoltage protection

4.4.3 Test condition

Operate and test the UUT over the full temperature range. The load shall be adjusted from Imin to

Imax~

4.5 Input overvoltage protection

4.5.1 Definition

Input overvoltage protection is a circuit function in an electronic power subsystem designed to sense

an input voltage that is above the level of normal or safe operation and provide protection, for

example e-g:, by shutting down or reducing operating stress.
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4.5.2 Test method

For a steady-state input overvoltage test, use the test setup shown in Figure 2. Use a DMM that

measures dc voltages; or the rms value of an ac voltage across the UUT input. In either case of

operation, slowly increase the UUT input voltage and record the voltage level at which the UUT

generates an input overvoltage signal. In some UUTs the fault may latch-up and turn off the UUT.

Readjust the input to nominal and verify the response of the UUT. Some UUTs will reset themselves;

others will wait for a restart command to recover to normal operating conditions.

Refer to HEEE-Std1515-2000-4.15.2.2 and 4.15.3.2_in IEEE Std 1515-2000; for an output overvoltage

test method.

Power
Source

uuT

Load

DM or other
Measurement
Devices

DM or other
Measurament
Devices

Figure 2—Test setup for input overvoltage protection

4.5.3 Test conditions

Adjust the input voltage to nominal conditions. Operate and test the UUT over the full temperature

range. The load shall be adjusted from Imin to Imax. For output overvoltage test conditions, refer to

HEEE-Std1515-2000-4.15.2.3 and 4.15.3.3 in IEEE Std 1515-2000.
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4.6 Overtemperature shutdown

4.6.1 Definition

An overtemperature shutdown is a feature of protection that causes the subsystem to automatically
shut itself down if the temperature at a defined monitoring point exceeds a predetermined
temperature threshold. At recovery, there is usually hysteresis. This fault condition is usually

reported to a monitoring system by the subsystem as a failure.
4.6.2 Test method

Use a temperature chamber to perform the tests. Connect the test setup as shown in Figure 3. With
the DMM or oscilloscope, measure the output voltage. Attach the thermocouples directly to the
defined location of interest on the UUT to measure and use the thermometer to record the
temperature at which the UUT shuts down. To conduct the test, slowly increase the ambient
temperature in the chamber while operating the UUT under the desired test conditions. Some UUTs
may generate an overtemperature signal and shut off when the fault occurs. Others may only shut
off at the temperature limit of operation. Cooling the UUT, verify and record the temperature at
which the UUT restarts itself. In some UUTs, the fault may latch-up and only turn back on with a

restart command.

Monitor the temperature rise of the base-plate to protect the UUT by turning off the power source in

case the UUT thermal protection mechanism malfunctions.
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Thermocouples

Digital Thermometer

Power uuT Load
Source

DMM OR
Oscilloscope

Figure 3—Test setup for overtemperature shutdown

4.6.3 Test condition
Test conditions are shown in MIL-STD-810F(2) (Test Method 520) [B36 3%].

4.7 Reverse voltage protection

4.7.1 Definition

Reverse voltage protection is a function performed by a circuit or circuit component to protect the
electronic power subsystem from any damage that can be caused by the application of a voltage of

reverse polarity at the subsystem’s input or output terminals.

Two examples of input reverse polarity protection are a shunt diode or a diode in series with the
input of the UUT. An example of output reverse polarity protection is the addition of a rectifier

outside the output filter of the UUT.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:20:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1573-2021


http://www.avadocuments.com/doc/ieee-1573-2021
http://www.avadocuments.com/doc/ieee-1573-2021

4.7.2 Test method (input reverse voltage)

For input reverse voltage protection, connect the test setup as shown in Figure 4. Use a current-

limited source or add a fuse or circuit breaker with the appropriate voltage and current rating in

series with the input of the UUT. Begin by adjusting the power source output voltage to zero. Turn

on the UUT. Swap the output leads from the power source as shown in Figure 5. Verify that as the

power source output voltage is slowly increased, the UUT withstands the reverse polarity condition

without failure. Repeat the test, adjusting the power source voltage to the steady-state range prior to

application to the UUT. A programmable voltage source or suitable switching device should be

used.

Fuse +

Power
Source _

UuT

Load

DM or
Oscilloscope

Figure 4 —Test setup for normal input polarity connection

+
Power
Source

: Fuse

uuT

Load

DMM or
Oscilloscope

Figure 5—Test setup for reverse input polarity connection
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4.7.3 Test method (output reverse voltage)

For output reverse voltage protection, connect the setup as shown in Figure 6, with a test power
supply connected in reverse polarity to the output of the UUT. If necessary, apply a minimum load
to the UUT. Turn on the power source and UUT, and verify the UUT operates normally with a
nominal input voltage. Turn on the test supply and slowly increase the output of the test supply up
to the maximum reverse voltage rating of the UUT while monitoring the current drawn from the test
supply. Confirm the current drawn from the test supply is as expected —a high current if the UUT is
protected by a shunt element across its output; but a low or zero current if the protection is by a
series blocking element (diode, MOSFET, or similar). If the UUT has a reverse voltage indicator, then
verify it turns on at the expected voltage level. Reduce the voltage of the test supply to zero and

confirm that the UUT returns to normal operation.

+ + + +
Power \\ Power
UuT
Source - B . _ Supply
NN
| i
| 1
P
Minimum
Load

Figure 6 —Test setup for reverse output polarity connection

4.7.4 Test condition (input reverse voltage)
For input reverse voltage protection, adjust the load current to Imin.
4.7.5 Test condition (output reverse voltage)

For output reverse voltage protection, adjust the input voltage to the UUT to nominal. Adjust the

output load to minimum.
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4.8 Turn-on time

4.8.1 Definition

Turn-on time is the time it takes to begin operating within the specifications after the proper power

has been applied.

4.9 Regulation, combined

4.9.1 Definition

The sum of the effects of line, load, and temperature variation as defined in HEEE-Std3515-2000-4.4.1
through 4.4.3, respectively, of IEEE Std 1515-2000.

4.9.2 Test method

Per IEEE-Std-1515-2000-4.4.1 through 4.4.3 of IEEE Std 1515-2000.

4.9.3 Test condition

Per HEEE-Std-1515-2000,4.4.1 through 4.4.3 of IEEE Std 1515-2000.

4.10 Regulation effects due to aging

4.10.1 Definition

Regulation effects due to aging are degradation in combined regulation due to life or long-term

effects.
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4.11 Lightning

4.11.1 Definition

Lightning is a natural phenomenon that occurs when electrical potential energy is discharged
directly to the ground or through another object. A lightning strike is a large current that increases
voltage potential between two points in a subsystem due to high-level current flow. The series
impedance is the dominant factor for voltage spikes since lightning strikes may range as high as 100

KA. (The largest spike recorded was 3 MA, but this is a rare occurrence.)

4.12 Surge

4.12.1 Definition

A surge is a sudden voltage increase on the power mains. A surge is limited by the source
impedance and has the greatest effect affeet on the loads with the lowest input impedance. They are

often caused by load changes that are a small percentage of the total load capacity.

4.13 Sag

4.13.1 Definition

Sag is a sudden decrease in input voltage due to increased load on the main power subsystem.

Long-lasting sags may be referred to as “brown-out.”
5. Electronic power subsystems

Electronic power subsystems are an integral part of electronic systems. All electronic systems,
whether medical, telecom, automotive, avionics, or consumer electronics, or whether military,

industrial, or commercial, require electrical power to operate.

An electronic power subsystem is a collection of power elements that convert, manage, and

distribute electrical power from the input source to load.
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This clause identifies essential considerations in designing and implementing electronic power
subsystems. It focuses on the interface issues among elements of an electronic power subsystem and

between a subsystem and its user-level electronic system.

It is beyond the scope of this recommended practice to discuss the internal aspects of elements that
compose an electronic power subsystem or to specify their design. However, there are methods to
facilitate matching existing elements to application requirements. These methods fall into the
categories of requirements definition, architecture selection, and consideration of system interaction
and logistics. These methods are discussed as they pertain to the interfaces between a user-level
electronic system and an electronic power subsystem, and to the interfaces between elements within

a subsystem.

Since one of the purposes of this recommended practice is to facilitate implementation of electronic
power subsystems using commercial items in demanding applications, this clause and several of the
follow-up clauses, specifically Clause 11, contain adaptation approaches to allow use of such
elements in applications beyond that for which they were intended. The use of commercial items can

reduce technical and schedule risk, as well as total cost.

Subclause 5.1 defines the four interfaces, in simple terms, which apply to subsystems and elements.
Subclause 5.2 discusses an important issue in electronic power subsystem development,
requirements definition. Subclause 5.3 discusses architectural considerations for a successful
development of an electronic power subsystem. Subclause 5.4 provides top-level details on the

important issues of system interaction.

5.1 Interface definition

Interface refers to connections and interactions between elements, or connections and interactions

between elements and the higher-level subsystem.

In this recommended practice, interfaces are organized into four categories. They are the electrical,
mechanical, environmental, and system effectiveness interfaces. In-erder-For an element to function
as expected, the four interfaces need to be adequately defined, the requirements imposed on the
interfaces need to be satisfied, and both normal and fault conditions need to be addressed.
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It is noted that the electrical interface and mechanical interface are physical interfaces in the sense
that they are integral to the element. The environmental interface is physical, but not all aspects of
the environmental interface may be present in a given utilization scenario. The system effectiveness
interface is a virtual interface that is descriptive of performance metrics such as efficiency, failure

rates, mean-time between failures, mean-time to repair, and so on ete.

Figure 7 is a simplified diagram that illustrates the relationship between these interfaces and an

element.

Environmental

Interface
. Power ,
Electrical ‘ ' . ‘ ' Mechanical
Interface E:Z:::T'cs Interface

$

System Effectiveness
Interface

Figure 7—Illustration of the relationship between interfaces and an

element and-itsinterfaces

It should be noted that interfaces are bidirectional. In other words, a higher level subsystem can

affect affeet the operation of an element and vice versa.

In practice, by specifying interface parameter performance and variations, it can be determined
whether a particular element can meet the requirement with or without adaptation. Table 1 lists
examples of issues and parameters that should be considered in the development and integration of

electronic power subsystems.
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Table 1—Example interface considerations

Elecirical Mechanical Environmental System effectiveness

Input voltage range Dimensions Operating Reliability

= temperature range -
Input frequency range Thermal interface Storage temperature Life expectancy
EMIEMC Structural requirements Humidity Regulatory requirements

Table 1—Example interface considerations (continued)

Electrical Mechanical Environmental Svstem effectiveness

Input voltage/ | ) ] -
frequency ients Mounting Shock Component quality
COutput voltage and current | Power dissipation Vibration Configuration management
Efficiency Center of gravity Salt spray Derating

. . _— . - Component/product
Control and status signals Cooling medium Explosive atmosphere obsolescence
]Z_)}':mmjc lgad and Weight Radiation Quality assurance
signal requirements
Overcurrent/overvoltage Sand and dust Safety

protection

5.1.1 Electrical interface

The electrical interface includes connections and interactions between elements, or between an
element and its higher level subsystem, that can be described by electrical parameters, such as
voltage, current, and power. The electrical interface may also include control signals that will change
the electrical operating conditions of the element and higher level subsystem. It may also include the
means to measure and change the operation of an element to ensure its proper operation, such as

test points in the manufacturing process.

The electrical interface between elements, or between an element and its higher level subsystem, can

be illustrated as shown in Figure 8.

For any given electronic power element, the input and output are typically voltage and current.
There may also be control signals from the system to change the operating conditions of an element

and/or signal(s) from an element to the system to indicate its status.
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Element

I

Control Status

Figure 8 —Electrical interface

Note that bidirectional arrows are used for Vin, lin and Vg, I to indicate that there will be electrical

interaction between an element and the system. An example is a power supply that converts one
voltage level to another level to power digital circuits. In this case, the power supply takes the
voltage and current from the system (the influence from the system) and provides another voltage
level to power the digital circuits (the function of the element). The power supply will generate EMI
noise affecting the system, and it will alse-change the impedance of the system bus affecting both

voltages and currents at every node in the system; these are influences from a particular element.
5.1.2 Mechanical interface

The mechanical interface is defined as connections and interactions between elements, or between
an element and its higher level subsystem, that can be described by mechanical parameters, such as

size, mounting methods, thermal aspects, and internal and external connections.

Note that there may be significant interaction between any given element and the system. This is a

particularly important consideration at the system definition and initial system design stage.

In addition,_the human-machine interface should also be considered. One obvious example for
human-machine interface requirements is that the equipment should be easy and safe to install and

to remove.
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5.1.3 Environmental interface

The environmental interface encompasses the interactions between an element and its higher level
system that can be described by environmental parameters, such as temperature, altitude, and
humidity. Operating and nonoperating environments are among the environmental parameters to
be defined. There may be several different environments within one platform such as manned
versus ¥s: unmanned areas of vehicles. Environmental conditions influence life expectancy,

robustness, and reliability.
5.1.4 System effectiveness interface

The system effectiveness interface includes logistics, support, and life cycle parameters driven by
design trade-offs and interactions among the three other interfaces that contribute to the

functionality of an electronic power subsystem for a given application.

System effectiveness is a broad concept. It includes issues that are not covered in the three other
interfaces. The system effectiveness interface can be divided into two areas. One includes system-
level issues that are not directly related to the above three interfaces, such as product life, warranty,
system configuration management, cost, schedule, and so on ete. The other includes connections and

interactions among the above three interfaces irn-erder-to achieve the best system-level performance.
Some ef-the-examples of the system effectiveness interface are as follows the-folewing:

—  The logistics of a program, technical support, and lifecycle maintenance of the product-

—  The schedule of a program and the element and system configuration management:-

—  System design aspects such as the inclusion of built-in test; and the system software

capability-
—  System quality and derating:-

—  Impact of failure—failure modes, effects and criticality, system redundancy, and so on ete-
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Some other more detailed examples of the system effectiveness interface include the following;:

—  Advanced pins are often used in the system to allow certain circuits of the element to
contact the system first during plug-in. One such example is the advanced pins for power
connection. Similarly, in some cases, retarded pins are used to achieve the opposite

objective.

—  Mechanical interlock is sometimes used to ensure that the electrical operations of the
element can be achieved only after the element is seated properly into the system. In some
other cases, interlock is used in the system so that the element cannot be removed from the

system before it terminates electrical functionality.

—  Opver temperature shutdown of the power element is an example of the inter-reaction
between the electrical interface and the environmental interface. In this case, the
environmental parameter (temperature) influences the operation of the electrical function

of the element.

It should be emphasized that system effectiveness interface parameters can be complicated and are
sometimes mutually conflicting. A systematic approach is usually required and strongly

recommended to define and achieve an optimal system effectiveness interface.
5.2 Requirements definition

The requirements definition is the process of identifying application, interface, and regulatory
requirements and constraints. Defining requirements clearly is a primary task for successful
completion of subsystem development. The requirements definition generally results in a

specification for the electronic power subsystem.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:20:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1573-2021


http://www.avadocuments.com/doc/ieee-1573-2021
http://www.avadocuments.com/doc/ieee-1573-2021

The requirements definition process begins at the interface between the electronic power subsystem
and the related system. All parameters of this interface should be considered including electrical
input and output, mechanical aspects, environmental exposure, and system effectiveness. Where
applicable, normal operating extremes and worst-case transient limits should be identified.
Requirements should subsequently be defined for each element ef-the-elements of an electronic
power subsystem, as appropriate. These requirements are derived from requirements at the
subsystem interface and from constraints imposed by the architectural design. Analysis and/or
prototype system-level tests may be required to derive the requirements of the individual element(s)

from the total subsystem requirements.

Guidelines for successful requirements definition include specifying interface parameters as openly
as practical while adequately specifying; and involving manufacturers of building block elements
under consideration in trade-off decisions during the requirements definition process. The
requirements definition and the power subsystem product concept should be worked in parallel so
that limitations, imposed on the concept by requirement, can be fully understood and challenged
before either the requirements or the concept is frozen. An iterative process of requirements
definition and subsystem architecture is critical to increasing the probability of successful use of
commercial item elements. This process generally involves the participation of the subsystem
designer, the customer, application end-user, and element providers jointly participating in

requirements definition and trade-off studies.

Overspecification is potentially a limiting factor at each level in the development process,
particularly when considering the use of commercial items (Cls). The requirements definition
process should_anticipate system evolution and accommodate potential changes with minimal
design impact. A proper requirements definition covers all parameters of all the interfaces of a
subsystem. A parameter that is not defined may take values that allow unpredictable system
performance. It may cause unpredictable behavior of the subsystem and may ultimately result in

catastrophe.
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Overspecification is mitigated by providing common terminology and definitions for subsystem
parameters and by identifying parameters requiring quantification. Typical parameter values
commonly available in commercial items are included in Annex B. Caution, however, is urged in the
use of these typical parameter values. They represent the commercial market at a particular element
level at the time of issuing this recommended practice. Furthermore Eurther, subsystems defined by
combinations of these parameter values may be neither commercially available nor economically
achievable. For example, typical values for power density or reliability available in low-level
building block elements will generally have to be reevaluated for subsystems built with
combinations of these and other elements. The observed common trend is for subsystem reliability
and efficiency, relative to a single constituent element, to decrease as elements are combined to form
subsystems. Unless proper attention is paid to the thorough definition of requirements, it is likely
that the performance, reliability, and efficiency of the power subsystem will be compromised, and

the final cost will be unnecessarily high.

5.3 Architectural considerations

An electronic power subsystem architecture is driven by the defined requirements and architectural
strategies, including planned technology insertion. Often the architectural choices open to the
designer are constrained by nontechnical system requirements or constraints such as prior decisions,
system architecture and packaging, or schedule. Even when the constraints are limited to the
technical aspects of an electronic system interface, more than one architectural approach will usually
meet the interface requirements. Choosing among these architectures is primarily an optimization
process, typically wsuwaly involving parameters that are difficult to quantify accurately during
conceptual design in areas such as life-cycle cost, reliability, and obsolescence. The life-cycle goals of

the application and associated system, as well as the and-customer decision criteria, should be

understood when performing the trade-off analysis.
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An electronic power subsystem architecture is the methodology by which the input power source is
converted to load power requirements, within the constraints imposed by the four subsystem
interfaces. Architectural choices range from highly integrated to modular solutions. Highly
integrated architectures may achieve the best performance and lowest recurring unit cost but may
not be adaptable to evolving electronic system requirements. When such evolution or technology
insertion is anticipated at the electronic system-level, a modular solution involving multiple physical

elements may be preferable, even if achieved at higher initial acquisition cost.

The approach diagrammed in Figure 9 is a block schematic example of a highly integrated solution
for a four-output ac-to-dc converter requirement. The simplified schematic example illustrates a
power conversion scheme involving a single conversion stage with isolation, regulation, and
filtering accomplished using a single integrated magnetic device. The success of such an approach
relies on optimization of the magnetic and circuit design to the application-specific load voltages
and currents, including knowledge of minimum loads and cross-loading extremes. The specificity of
such an approach to the application requirements usually requires a custom development with its
associated cost, risk, and schedule. Subsequent changes due, for example, to system evolution will

generally require significant product redesign.

The approach diagrammed in Figure 10 accomplishes the same power conversion requirement with
a modular architecture. In this example, a nonisolated boost converter performs conversion of the
input ac voltage to an intermediate dc link voltage. The dc link is followed by independent isolated
dc—dc converters for three of the four outputs with the fourth output provided by a nonisolated dc—
dc converter sourced by output number two. This approach involves multiple stages of conversion

and duplication of circuit functions when compared with te that of Figure 9. Such duplication will

generally result in higher recurring product cost. However, total cost may be lower when the initial
development cost and evolutionary requirement changes are considered. The lower development
and redesign costs assume that the modular building blocks are either commercially available or
exist in a standard circuit design library. Even the recurring product cost may be lower when the
individual building block modules are available commercially from high-volume manufacturing

lines.
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Figure 9—Highly integrated power subsystem
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Figure 10—Modular power subsystem

These two examples represent divergent approaches with regard to the architectural choice of

integrated versus modular architecture, yet each approach is valid. The integrated approach, for

example, is appropriate for high-volume, cost-sensitive applications, especially disposable products

or those with limited product life. They may also be appropriate when the application requirements

cannot be met by available modules or when available modules cannot be adapted to particularly

demanding aspects of an application’s requirements, such as environmental extremes. Architectural

choices can facilitate the use of commercially available items.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:20:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1573-2021


http://www.avadocuments.com/doc/ieee-1573-2021
http://www.avadocuments.com/doc/ieee-1573-2021

