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THIS IS A REDLINE DOCUMENT PRODUCED BY
TECHSTREET, A BUSINESS OF CLARIVATE ANALYTICS
I

This document is intended to provide users with an indication of 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.

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.
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Abstract: A set of uniform design, application, and test requirements for electrical and electronic
control apparatus on rail vehicles is provided in this standard.

Keywords: apparatus, control, design, electrical, electro-hydraulic, electronic, electropneumatic,
IEEE 16™, rail, routine test, test, transit, transportation, type test
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. 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.

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

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

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

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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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 should be considered 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, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its 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 revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under 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.
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Photocopies

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

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 at http://iecexplore.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE SA Website at http://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. 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: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

Patents

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

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

This introduction is not part of IEEE Std 16-2020, IEEE Standard for Electrical and Electronic Control Apparatus on
Rail Vehicles.

This standard is intended to apply to rail vehicles that are electrically powered. These vehicles include
locomotives, railway electric multiple unit (EMU) cars, heavy rail vehicles, and light rail vehicles, including
units that combine powered and unpowered trucks or axles. Fully-automated, driverless implementations of
the above vehicle types are sometimes included in the mode of transit referred to as Automated Guideway
Transit, also referred to as Automated People Mover, and, to the extent that the vehicle does not have other
unique requirements, this standard can be applied. It is not intended that this standard be universally required
for all such systems.

The classes of railway vehicles (such as those termed “Diesel Multiple Unit” [DMU]) that use a non-electric
propulsion system have features of the electrical systems used in these vehicles that are similar to those used
in “conventional” electrically-powered vehicles. To the extent that these systems are similar to those used in
electrically powered vehicles, this standard can be applied.

NOTE—Self-propelled railway vehicles operating on trackage of the general railroad system are subject to regulations
issued by governmental bodies (e.g., federal, state, and local bodies). In selected jurisdictions, this is also true for rail
transit vehicles. The user of this standard should recognize that such regulations always take precedence over a consensus
standard.'

Certain heavy-duty rubber tired vehicles, notably dual-mode, hybrid, and electric trolley buses and large off-
highway haulage trucks, utilize electric propulsion systems. Again, to the extent that these systems are similar
to those used in rail vehicles, this standard can be applied.

It should be noted that this standard makes extensive use of the phrase, “as agreed to between the supplier and
the authority having jurisdiction”, as well as requiring that the “authority having jurisdiction” provide certain
significant parameters and/or make important determinations relevant to a specific project and not necessarily
able to be anticipated in advance. Annex B lists all such citations within the standard and categorizes them as
guidance for users of this standard.

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

Documents

7 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRY S R:2820 JrFEANNIES §86@8vRAb4:54 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 16-2020


http://www.avadocuments.com/doc/ieee-16-2020
http://www.avadocuments.com/doc/ieee-16-2020

Contents

Lo OVIVICW .ttt ettt ettt et s a et e e bt et e e bt em e et e m bt es e et e ee e bt emeeeb e emte e et e et eseenbeeseenbeene e beentenneens 9
L oo o OSSPSR 9
L2 PUIPOSE ettt ettt ettt et e h et e h et e b e m bt e bt e bt e et e bt ea e e bt ene e e bt et e ene e bt ehe e beenn e beeneenbean 9
1.3 APPIICALION ...ttt ettt s et a e bttt e h e et bt e bt e ne et eneenbeeneentean 9
Li4 WOTA USAZE ..ottt ettt ettt et h et e b et et e e s et e em e e bt emeeebeemeesseenaeeneenbesneenbeeneenbeans 9

2. NOTIMALIVE TETETEICES ....nviuteiienieiieiieii ettt ettt ettt eh bbbt b e b st et ettt et ese e bt ebeebesbeebe b e 10

3. Definitions, acronyms, and abDIeVIAtIONS ..........ccueeiiruiriiirieie ettt ee e eeeaeas 11
T B D 1< 311 113 10 4 LSOOI 11
3.2 Acronyms and abDIEVIAtIONS ........ccouiiieiiiiieiieiieitt ettt sttt ettt ettt et et e e sae e e eeeenaeeneas 12

4. DESIZN TEQUITCITICILS. 1 ..euveeutetieiteeteenteeetesteestesseessesseessesseessesssanseessenseassenseessesseensesseensesssensesssensenssensenssenseenes 12
4.1 SerVICE COMAITIONS ....uvuieiiiiieiieiieteeteet ettt sttt ettt et ettt b e eb et b e b st et et e st et en s et ebeebeebeebeebeebesbenaens 12
4.2 SUPPLY VOILAGES ..ottt ettt ettt ettt ettt ettt et e ese e s e esee s e esaesseessesseensesseensesssenseessensennseseenes 12
4.3 Electrical transient withstand capability ............ccocieeiirieiiieieieee e 14
4.4 Electromagnetic COMPALIDILILY ....c.eeoviiieriiiieiieiecieeie ettt ettt se et eseeseenaenseens 16
4.5 Breaking and Making CAPACILY ........ccvirieriiriieriieierieeieetieteeteeieettesteeeesseesaesseesesseensesssenseesseseessenseenes 17
4.6 TemMPETAtUre TIS€ LIMILS ....eeuvitieiieeieie ettt ettt ettt et ete et e et enteeseesseesaesseensesseensesssenseeseenseensenseenes 17
4.7 Clearance and creepage dISTANCE .........cuevviriierieeieriieieetieieeeeesteettesteeseesseesaesseesesseessessaenseeseenseessenseenes 19
4.8 Apparatus internal Wiring reqUITCIMENLS. ........c.eeeverreereerierieeeesteeeenteeeesseeeesseesesseesessaeseessenseessenseenes 20
4.9 BUS Dar @PPLICALION ..e.vviiieeiiiieieetieie ettt ettt ettt et ete e s e st eseeseesseesaesseenseeseenseesaenseeseenseensenneenes 24
4.10 Printed circuit board design and CONSIIUCTION..........c.ccveriirieriieierie ettt eee st e e seenaesseens 24
411 PrOteCtiVe fUNCHIOMS ...uiiiiieieetiet ettt ettt ettt sb bbbttt ettt ebtebeebeebeebeabesaen 25
4.12 Grounding and DONAING..........c.cecieriiiieriiiieie ettt eesseeaesseesesseenseesaenseesaenseessenseenes 26
4.13 Electro-pneumatic EVICES ........ccveruirieriieierieeiesteeteeteesesteeseeseesseeseesseesaesseensesseensesssensenssensenssenseenes 28
4.14 Electro-hydraulic d@VICES ......cc.iiieriiiieti ettt ettt ettt sttt sesseenbessae s e esaeseensenneenes 28
415 ProteCtIVE AEVICES. ...eeuiiuiiiieiieiiitiet ittt ettt ettt s b bbbt sttt et st et ebeebeebeebesbenaen 28
4160 FIDCI OPTICS cuveuviiieniieeietieie ettt et ete et e st e et este et e bee st e e seesseeseenseeseenseeseeeseesseeseensesseensesssensenssenseensenseenes 29
4.17 Material TEQUITEIMCINLS. .......eovieiieeieteeeierteetesieetesteeeteeteeseeseeseeseeseeseesseeseesseensesseensesssenseessenseessenseanes 29

5. TESHINZ TEQUITEIIEIILS ......eeutitieuieitieteet ettt ettt et ee et e e s e et e e et s et e eesa e e bt eseenbeesee bt emeenseeneeebeeneeeneeneesneeneeaneas 29
5.1 General teSt FEQUITEIMEILS ......eeuiitietiitieteetieteeteeeteeieesteestesteetesse e aeseeebeese e bees e e bt eneeaseeneesseeneesseeneeeneas 29
5.2 OPCIATIONAL TEST....eeuttiueetieiieitt ettt ettt s ettt s be et s b e bt e bt e bt e s e e been s e bt ene e st e enteenee bt eneeaeenean 30
5.3 Environmental CONAitioNS tESTINE ... .ecueeviruieiieiieitieie ettt ettt see e s enaeeneas 31
5.4 SUPPLY VOIAZE tESTINE «...eneetieiieitieieit ettt ettt ettt st e ettt et e bt e st e et e st e et e et e saeenteeseenaeeneas 31
5.5 Electrical tranSIent tEST .......eiuiiiiitietiitiete ettt ettt sttt sttt ettt e ettt et eae et enee e enean 32
5.6 Electromagnetic cOmMPatiDIlity TEST.......eoueriertieiiitieie ettt s 32
5.7 Breaking and maKing CapaCITy tESES. .....cuerurertiriiieieiertieie ettt sttt ettt ettt sae e e naeeaeas 32
5.8 TEMPETATUIE TISE TESES ..uveueetieuieitienteeteete et ettt et e ette et e estesae e bt se e bt ss e e bt ese e bt eseenteeneesseeneesseennesneeneeeneas 32
5.9 INSULATION TESTINE ..uvtiietieiieite ettt ettt sttt s e et e et e bt e st e bt ee e bt entesbeeneeeseeneesneeeeeneas 36
5.10 Environmental StreSS SCTEEIMIINE ......ecuveutertretieeientteieenteentesteetesteerteseeeteeseenteeneenteeneesseeneesseensesseeneeaneas 39
5.11 Settings and operation of protective apparatus, relays, and static CIrCUits..........cecereerereerereenenee. 39
5.12 Tests for pneumatically-operated eqUIPMENLt ...........coieiiiieriiiere et 40
5.13 Tests for hydraulically operated €qUIPMENT .........cccuerieiirierieiieie ettt eeees 40
5.14 Measurement of resistance and IMPEdANCEe..........coouerieriiiieiiiiee e 41

Annex A (informative) BibIIOZIaPhY.......ccveciiiiiiiiieieriieieete ettt et eesesse s sseenes 42

Annex B (normative) Uses of “authority having juriSdiction”...........ccceeoeriiienieni e 45

Annex C (informative) Recommended protective fUnCtions ...........c.oocverueriereiienieiieeciee e 47

Annex D (informative) Classification of printed circuit boards............ooccevieiiriiiiiiiiiieeeeee 48

Documents
8 Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniverRRY S R:2820 JrFEANNIES §86@8vRAb4:54 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 16-2020


http://www.avadocuments.com/doc/ieee-16-2020
http://www.avadocuments.com/doc/ieee-16-2020

IEEE Standard for Electrical
and Electronic Control
Apparatus on Rail Vehicles
1. Overview

1.1 Scope

This standard prescribes design, application, and test requirements for electrical and electronic

control apparatus on rail vehicles.

NOTE —This standard covers neither rotating equipment nor the functional aspects of converters.*

1.2 Purpose

This standard is intended to provide a set of uniform design, application, and test requirements for
electrical and electronic control apparatus on rail vehicles. These requirements are the minimum
necessary for te-ensure suitability for use in a rail vehicle environment. Use of this standard should

lead to enhanced levels of safety and reliability, and lower acquisition and maintenance costs.

1.3 Application

This standard is intended to be applied to the equipment designed for and installed on a rail

vehicle.Application of this standard to the completed rail vehicle is beyond the scope and purpose of

this standard.

NOTE—The selective application of this standard to the complete rail vehicle, as deemed technically

correct and contractually agreed between the authority having jurisdiction and the car supplier, is

recognized as appropriate in certain areas and cases.
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1.4 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 t0).23

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).

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.

2The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

3The 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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ANSI C84.1-1995, Electric Power Systems and Equipment— Voltage Ratings ( 60Hz).é;‘2

APTAPR-SS-M-5-011-99, Rev. 2 Standard-for Compressed Air Quality for Passenger Locomotive and
Car Equipment.5

ASTM B172-2001A, Standard Specification for Rope-Lay-Stranded Copper Conductors Having

Bunch—Stranded Members, for Electrical Conductors. 64

ASTM B174-2002, Standard Specification for Bunch-Stranded Copper Conductors for Electrical

Conductors.

EN 50121-3-2: 2016 2000, Railway Applications—Electromagnetic Compatibility —Part 3-2: Rolling

Stock — Apparatus. 7

Federal Specification W-C-596G-2001, General Specification for Power Electrical Connector (with

amendmen‘cs).§6

IEC 61287-1: 2014 3995, Power convertors installed on board rolling stock—Part 1: Characteristics

and test methods.2

ézANSI publications are available from the_SalesDepartment—American National Standards Institute_~25-West43rd-Street—4th
Floor New Yorlc NY¥Y 10036, USA: (http://www.ansi.org/).

53APTA publications are available from the American Public Transportation Association, (http://www.apta.com/).

6*ASTM publications are available from the American Society for Testing and Materials_;—300-—Barr—HarborDrive—West
CenshoheockenPA 194282059 USA (http://www.astm.org/).

25EN publications are available from the European Committee for Standardization (CEN) (http://www.cen.eu/).-36+ue-ce-Stassart,

86Federal specifications are available from the US General Services Administration (http://www.gsa.gov/).

97 IEC publications are available from the SalesDepartment-of-the-International Electrotechnical Commission-CasePestale 1313,
rue-de-Varembe,CH-I2H,-Geneve 20, Switzerland/Suisse-(http://www iec.ch) and the HEC-publications-are-also-available-in-the
United-Statesfromthe Sales Department, American National Standards Institute,25-West43rd-Street4thFloor NewYorkNY
10036, USA (http://www.ansi.org/).
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IEC 62236-3-2 Ed2:2008, Railway Applications—Electromagnetic Compatibility —Part 3-2: Rolling

Stock— Apparatus.

IEEE Std 11™-2000, IEEE Standard for Rotating Electric Machinery for Rail and Road Vehicles 10:11
IEEE Std 1476™-2000, IEEE Standard for Passenger Train Auxiliary Power Systems Interfaces.

IEEE Std 1478™-2013 2001, IEEE Standard for Environmental Conditions for Transit Rail Car

Electronic Equipment.

IEEE Std 1482.1™-2013 1999 IEEE Standard for Rail Transit Vehicle Event Recorders.

IPC-2220, Design Standard Series, Printed Boards. 1210
IPC-A-610-2001, Acceptability of Electronic Assemblies.

IPC-CC-830B-2002, Qualification and Performance of Electrical Insulating Compound for Printed

Wiring Assemblies.

ISO 4406: 2017 1999, Hydraulic fluid power—Fluids—Method for coding level of contamination by

solid particles. 134

10° The IEEE standards or products referred to in this-Clause2 are trademarks owned by eof the Institute of Electrical and Electronics
Engineers, Incorporated hae.

8EEE publications are available from the Institute of Electrical and Electronics Engineers_—tne;445-HeesanePiscatawayN}
08854, USA: (http://standards.ieee.org/).

121pC publications are available from IPC (http://www.ipc.org/).

13150 publications are available from the International Organization for Standardization (http://www.iso.org/) and the American

National Standards Institute (http://www.ansi.org/).
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MIL-M-81531, Notice 1, Marking of Electrical Insulating Materials.14

NEMA LI 1-1998, Industrial Laminated Thermosetting Products. 1543

NEMA WD 6-2016 2002, Wiring Devices—Dimensional Requirements.
SAE AS4059 APRO1, Aerospace Fluid Power —Cleanliness Classification for Hydraulic Fluids. lo 4

UL 498-2018 2004, Standard for Attachment Plugs and Receptacles. 1745
UL 943-2018 4993, Standard for Ground Fault Circuit Interrupters.

UL 1059-2017 2664, UL Standard for Safety Terminal Blocks.

v publications are available from the U.S. Department of Defense (http://quicksearch.dla.mil/).

I5NEMA publications are available from the National Electrical Manufacturers Association (http://www.nema.org/).

16gAE publications are available from the Society of Automotive Engineers (http://www.sae.org/).

17UL publications are available from Underwriters Laboratories (http://www.ul.com/).
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3. Definitions, acronyms, and abbreviations,and-aerenyms

3.1 Definitions

For the purposes of this document standard, the following terms and definitions apply. The

Antheritative—Dietionary—of—IEEE Standards_Dictionary Online,%e@ﬁ#h—Ed%&bn—{—B%}é should be

consulted referenced for terms not defined in this clause. 18

declared rating: A rating stated by a supplier for a given piece of equipment, representing the

characteristics of the equipment as actually manufactured for a particular application.

published rating: A rating publicly stated by a supplier for a commercially available piece of
equipment, independent of the use of that equipment in a particular application; typically, a rating

embodied in documents prepared for broad distribution through commercial channels.

short-time operating voltage: A supply voltage, other than the continuous operating voltage range,

operation at which for a defined period of time is not expected to damage the apparatus.

specified rating: A rating that a given piece of equipment is required to be capable of achieving for
use in a particular application; often, in practice, a rating to which a piece of equipment is specially

designed or adapted.

3.2 Acronyms and abbreviations
\CT \ | Cuid T .
NI . NationalS Lards Tnsti
APTA American Public Transportation Association

AREMA American Railway Engineering and Maintenance of Way Association

18IEEE 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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ST  cor Sociot forTost  Matosial

DMU diesel multiple unit

EMC electromagnetic compatibility
EMI electromagnetic interference
EMU electric multiple unit

EN— FEuropeanNorm

ESD electrostatic discharge

GFECI ground fault circuit interrupter
LVPS low voltage power supply

MU multiple unit

e Ineulated Cablo Ened L
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4. Design requirements

4.1 Service conditions

All apparatus, including, but not limited to, electronic apparatus, shall be designed for the standard

environmental conditions given in IEEE Std 1478TM-ZO13—2991—,'1'8 unless otherwise agreed between

the supplier and the authority having jurisdiction.1—9

1—9}81nformation on references can be found in Clause 2.
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4.2 Supply voltages

4.2.1 General

Equipment shall operate normally or without damage when exposed, for the duration listed in this
standard, to any voltage from zero to the maximum value listed in this standard. If necessary,
appropriate protection from damage may be provided by other elements of the system in which the
equipment is configured (e.g., undervoltage cutout devices). The authority having jurisdiction shall
specify the performance expected of the equipment at nominal voltage conditions. At voltages other
than nominal, performance shall be as described in this standard unless otherwise agreed to

between the supplier and the authority having jurisdiction.

In the absence of a specification or agreement to the contrary, the minimum time duration to be
considered for “short time” operation shall be taken as 1.0 s seecond for undervoltage operation and
0.2 s seeond for overvoltage operation. Conditions existing for shorter times shall be considered

transient conditions governed by 4.3.1.
4.2.2 DC-powered low-voltage control equipment

Nominal supply voltages for low-voltage control equipment shall be chosen from the preferred
values given in 4.4.3 of IEEE Std 1476™-2000. The nominal, minimum operating, and maximum
continuous values and the required operating characteristics of the equipment within and outside of
these voltage ranges shall be as given in 4.4.3 of IEEE Std 1476-2000. Equipment shall not be

damaged by continuous application of voltage between zero and minimum operating.

NOTE —These nominal supply voltages correspond to nominal battery voltages of 24 V, 32 V, 48 V,
and 64 V welts. Refer to IEEE Std 1476-2000 for details.
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4.2.3 AC auxiliary apparatus

Nominal supply voltages and required continuous and short-time operating voltage ranges for ac
auxiliary apparatus shall be chosen from the preferred values given in ANSI C84.1-1995, Table 1,
Low Voltage Class. Unless otherwise agreed between the supplier and the authority having
jurisdiction, rated performance shall be obtained at the nominal frequency and within the Utilization
Voltage limits of Voltage Range A of ANSI C84.1-1995, Table 1. Operation at other frequencies shall
be as specified in NEMAMG 1-2003, section 12.45. Operation outside of Voltage Range A but within
the Utilization Voltage limits of Voltage Range B of ANSI C84.1-1995, Table 1, shall be as specified

by the authority having jurisdiction.
4.2.4 High-voltage dc-powered traction and auxiliary apparatus

Supply voltages for high-voltage dc-powered traction and auxiliary apparatus powered from a dc
source (e.g., overhead contact system or third rail) shall be as shown in Table 1. Unless otherwise
agreed between the supplier and the authority having jurisdiction, rated performance shall be
obtained at the nominal voltage and above, up to the maximum voltage listed in Table 1 for that
nominal voltage case. At other voltages, performance shall be in accordance with the design or

inherent characteristics of the apparatus.

NOTE—By agreement between the supplier and the authority having jurisdiction, the minimum
performance (e.g., rating) voltage may be taken at a value lower than the nominal system voltage;;
and the voltage at which the equipment ceases operation may be taken as a value lower than the
minimum continuous voltage. This is commonly done for auxiliary apparatus but may also be done

for propulsion equipment where circumstances dictate, such as a chronically “soft” power supply.
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auxiliary apparatus powered from a dc source

Table 1—Standard voltages for high-voltage dc-powered traction and

Nominal system Operating voltage range (V)
veltage (V) Minimum continnons | Marimom continuons Mazximum short-time

600 400 720 200

T30 500 il 1000

1500 1000 1800 1950

3000 2000 3600 3000
NOTE—Mominal voltages of 600 Vdc and 3000 Vdc, while widely used, are not recommended for new
applications.

For nominal system voltages other than those shown in Table 1, the minimum continuous operating

voltage shall be taken as minus—30% pereent relative to the nominal system voltage, and the
maximum continuous operating voltage shall be taken as + phs-20%-pereent relative to the nominal
system voltage. For any nominal voltage, voltages outside the limits given in Table 1 or the
percentages given above shall be considered surges or sags, and performance under those

conditions shall be governed by 4.3.1.
4.2.5 High-voltage single-phase ac systems
Supply voltages for high-voltage single-phase ac systems shall be as shown in Table 2:

Table 2—Standard voltages for high-voltage single-phase ac systems

Nominal system Nominal Operating voltage range (V)
voltage (V) | frequency (Hz) [ ypipsmgm Minimum Mazimum Matimum
short-time continmons continmons short-time
12000 25 8400 9800 13 200 14 400
12 500 [:0] 8750 10000 13750 15 000
25000 &0 17 500 20 000 27 500 30000
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Table 2—Standard voltages for high-voltage single-phase ac systems

(continued)

Nominal system Nominal Operating voltage range (V)
voltage (V) | frequency (Hz) [y gipnimym Minimum Mazimuom Mazimum
short-fime confinmons confinnons short-time
50 000 &0 35000 40 000 55 000 60 000
15 000 50 11 0 12 000 17250 18 000
25 000 50 17 500 10000 27 300 29 000
WOTE—Systems operated at 25 Hz, while widely nsed, are not recommended for new applications.

New
The authority having jurisdiction shall specify the time duration of short-time operation and the
expected performance under those conditions. Voltages outside these limits shall be considered

surges, and performance under those conditions shall be governed by 4.3.1.

4.3 Electrical transient withstand capability

4.3.1 Spikes and surges

The equipment shall operate normally and shall not be damaged when subjected to input voltage

variations as defined in the remainder of this subclause.
4.3.1.1 Supply system

Unless otherwise agreed between the supplier and the authority having jurisdiction, input

overvoltage and time duration limits shall be assumed to be in accordance with the following:

For maximum voltages with duration of 20 ms or more, assume no less than EN 50124-2, Annex A.

For nominal voltages other than those of Annex A, use proportioning and/or extrapolation based on

similar nominal voltages.

For maximum voltages with duration of less than 20 ms it is recommended to assume no less than

IEC 61287-1:2014, as follows:

— AC system, normal operation: Curve 1 of Figure 3—AC supply system overvoltage levels
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— AC system, no damage: Curve 2 of Figure 3 for guidance
— DC system, normal operation: Curve 1 of Figure 4—DC supply system overvoltage levels

— DC system, no damage: Curve 2 of Figure 4 for guidance
4.3.1.2 Auxiliary ac systems

Unless otherwise agreed between the supplier and the authority having jurisdiction, equipment
connected to the auxiliary ac system shall operate normally when subjected to voltage fluctuations

defined in 4.3.1 of IEEE Std 1476-2000.
4.3.1.3 Low voltage system

Equipment connected to the low voltage dc system shall operate normally when subjected to voltage

fluctuations defined in 4.4.3.4 of IEEE Std 1476-2000.

The equipment shall not be damaged when subjected to overvoltages as defined in 4.4.3.5 of IEEE
Std 1476-2000.

The equipment shall not be damaged when subjected either to a voltage from zero to the minimum
operating voltage or to positive or negative voltage steps between minimum and maximum

operating voltages.

NOTE NOFES 1—It is recommended that equipment be designed not to be damaged when
continuously subjected to nominal low voltage power supply (LVPS) output voltage at reverse

polarity, combined with voltage fluctuations and transients as defined in this standard.

NOTE 2—Power supplies within equipment connected to the LVPS are not specifically addressed,
but the supply voltage quality and the loads should sust be coordinated for proper functionality in

order to meet the overall requirements of this standard.
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NOTE 3—In some cases, LVPS voltage may rise gradually as a result of float battery charging. This
standard requires functionality within certain voltage ranges. Therefore, equipment that requires a

fast rate of rise of supply voltage may not ultimately meet the system requirements.
4.3.1.4 Electrostatic discharge

Protection shall be provided against electrostatic discharges (ESDs) in compliance with EN 50121-3-
2: 2016 2000, Table 9. The discharge is to be delivered to the enclosure in which the equipment is
housed (if an enclosure exists), to the enclosure of each line-replaceable unit, and to all surfaces and
controls that are accessible to operating staff and passengers (e.g., knobs, switches, fasteners, printed

circuit board faceplates, handles). The equipment shall function properly after such testing.

NOTE—This requirement is not intended to apply to the contacts of electrical connectors that are

exposed in the course of removing, replacing, and/or handling a line-replaceable unit.

ESD-sensitive equipment shall be labeled. The label shall be affixed in a location that clearly

indicates the ESD concern to maintenance personnel.
4.3.1.5 Transients

With respect to immunity to fast transient bursts and immunity to surges, the equipment shall be

designed in accordance with the requirements of Fables7and-8-0f£EN 50121-3-2: 2016 or IEC 62236-

3-2 Ed2 (2008) 2000. Power supply inputs sourced from the low voltage system shall also withstand
transients, with a 2-Q source impedance based on EN 50121-3-2:2016 or IEC 62236-3-2 Ed2 (2008),-ef

atleast20jeules without damage or misoperation.
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4.3.2 Interruptions

Equipment shall not be damaged when exposed to random interruptions in the power supply. The
authority having jurisdiction shall specify the nature of the performance to be obtained under such
conditions. In the absence of information from the authority having jurisdiction, the supplier shall
identify the interruption criteria assumed for the design and resulting system response. High-
voltage interruptions that occur frequently shall not require a deliberate fault reset action as a

prerequisite for resumption of normal operation.

NOTE—Examples of high-voltage interruptions include, but are not limited to, bouncing of the
power collector device (e.g., third rail shoe or pantograph), gaps in the third rail, phase/frequency
breaks or supply transition zones in an overhead supply wire, and ice or snow buildup on the third
rail or overhead supply wire. Examples of low voltage or auxiliary voltage interruptions include, but
are not limited to, temporary shutdown of the on-board power supply resulting from interruptions
in the high voltage supply, short-term overloads of the low voltage or auxiliary power supply, and

undercharged batteries.
4.4 Electromagnetic compatibility

Electromagnetic compatibility shall be verified ensured by an Electromagnetic Compatibility (EMC)

plan, Unless otherwise agreed between the supplier and the authority having jurisdiction, the plan

shall be created in accordance with the requirements of APTA SS-E-010-98.

NOTE —Ordinarily; the EMC plan is required of the vehicle supplier and contains requirements for

the individual suppliers.
4.4.1 Train-wayside system compatibility

The authority having jurisdiction shall define the communication system and the wayside signal
system operating frequency bands, coupling modes, and permissible vehicle or train emissions
corresponding to those frequencies and coupling modes. Emissions limits shall be defined as a

function of time duration if appropriate for a particular wayside system implementation.
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The vehicle supplier and/or systems suppliers shall calculate vehicle and train emissions considering
normal operation, infrequent operating modes, transient operation modes, environmental

conditions, and failure modes, including but not limited to, the following;:

— Variations in power feed and power return impedances

— Power feeds configuration including third rail and catenary gaps

— Ice and rust accumulation on the power collector and return surfaces

— Degraded wayside power supply capability

— Variations in supply voltage

— Substation phase imbalance limits

— Variations in regenerative current receptivity

— Variations in train consist configuration

— Other vehicles of the same or different type operating in the same area

— Towing and other non-typical and emergency vehicle operating modes

— Reduced rail adhesion conditions with corresponding equipment responses

— Intermittent and variable auxiliary power demand conditions

Based on total vehicle emissions limits, the vehicle supplier shall allocate emissions limits for
individual_systems. The vehicle and/or systems with credible failure modes—;-as determined by a
Failure Modes and Effects Criticality Analysis performed under the EMC Plan of 4.4—-that create

emissions exceeding the limits shall react automatically in a manner to reduce the emissions below

the allocated limits within a time_period that is expected to avoid will-prevent adverse effects on

system operation.
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