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Abstract: The design and application of dc surge arresters to protect dc electrification system from
transient overvoltage caused by lightning and switching surges is the purpose of this standard.
Lightning surges can cause high energy transient overvoltages by direct or indirect coupling with
a dc electrification system. Transient overvoltage protection from lightning and switching surges of
various dc transit electrification systems can be achieved by the application of metal-oxide varistor
(MOV) gapless-surge arresters. The application of surge arresters to running rails in areas where
lightning activity is severe requires special study of protection coordination with rail-ground shorting
devices [also called voltage-limiting devices (VLDs)] and review of track circuits applied at the
transit system. Such study and criteria of selecting VLDs is not included in this standard. However,
a surge arrester applied to running rails in higher keraunic areas has been included and requires
coordination with both the VLD devices and track circuits applied in the transit system. Many
modern light- and heavy-rail transit projects use VLDs, although their application can be avaided
by implementing other design measures, such as insulated platforms, or by simply coating (he
vehicle surface with some special insulation. The purpose of installing VLDs at dc transit projects is
to enhance the safety of personnel from the touch potential (rail-ground voltage) on the . ain :akicle
surface. No industry standard on VLDs exists today in North America. Only IEC EN 50526 2 covers
VLD.

Keywords: IEEE 1627 ™, keraunic level, lightning arrester, lightning surges. ma.<imur) continuous
operating voltage, metal-oxide varistor, MOV, OCS, overhead contact svster.. r:sidual discharge
voltage, SPD, surge arrester, surge-protective devices, switching sury:s, te mporary overvoltage,
transient overvoltage, voltage margin of protection, VSA
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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 https://standards.ieee.orgipr/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 tric!-us:

are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Stande:ds
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a conscasus
development process, approved by the American National Standards Institute (“ANSI”), | -aici 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 \-orking groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and p=rt cipate without
compensation from IEEE. While IEEE administers the process and establishes rules fo promote ‘airness in the
consensus development process, IEEE does not independently evaluate, test, or verity 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, ¢+ er vironmental protection, or ensure
against interference with or from other devices or networks. Impleme. ers and users of IEEE Standards
documents are responsible for determining and complying with.all a ypropriate safety, security, environmental,
health, and interference protection practices and all applicab!> lav s ai.!egulations.

IEEE does not warrant or represent the accuracy or contznt of tiie material contained in its standards, and
expressly disclaims all warranties (express, implied and sta.»t2ry) 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, accura-y, >ffeciiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditiens i=lat.ng to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITr1 ..LL FAULTS.”

Use of an IEEE standard is wholly < olu-tary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test; me 'sure, purchase, market, or provide other goods and services related to
the scope of the IEEE standar/.. r urthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change bro. oht about through developments in the state of the art and comments received
from users of the standard.

In publishing and mak ng'its standards available, IEEE is not suggesting or rendering professional or other
services for, or'un behalt »f, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person ¢ - enti'y to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own inacnendent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek tl'e advice of a competent professional in determining the appropriateness of a given IEEE standard.

I17.NO L VENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
SXEMPLARY, 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, seminAars, >t
educational courses, an individual presenting information on IEEE standards shall make it clear that his o. 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 interc:ted pe ty, regardless
of membership affiliation with IEEE. However, IEEE does not provide consultir,; int..mation or advice
pertaining to IEEE Standards documents. Suggestions for changes in docuni=n’s ~hou.d be in the form of a
proposed change of text, together with appropriate supporting comments. Sinc. IE} E standards represent a
consensus of concerned interests, it is important that any responses to cornments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the 1. =1 ~hers of its societies and Standards
Coordinating Committees are not able to provide an instant respoise to comments or questions except in
those cases where the matter has previously been addressed. For th. san.e reason, IEEE does not respond to
interpretation requests. Any person who would like to particip.te 1. 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 Caard
445 Hoes Lane
Piscataway, NJ 08854 1ISA

Laws and regulations

Users of IEEE Standards. socumeits should consult all applicable laws and regulations. Compliance with
the provisions of any TEEL" Standards document does not imply compliance to any applicable regulatory
requirements. Impleientc s of the standard are responsible for observing or referring to the applicable
regulatory requirement. ‘¢ EE does not, by the publication of its standards, intend to urge action that is not in
compliance wi. ~oplicabie laws, and these documents may not be construed as doing so.

Copyrighws

I EE ai. ‘tand approved standards are copyrighted by IEEE under U.S. and international copyright laws. They
are 1..ade available by IEEE and are adopted for a wide variety of both public and private uses. These include
boun 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 . me
by the issuance of new editions or may be amended from time to time through the issuance of amendi. ents;
corrigenda, or errata. An official IEEE document at any point in time consists of the current " <itica of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is":»or » than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contents, al hough still of
some value, do not wholly reflect the present state of the art. Users are cautioned to theck to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edit'on ind whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE X» uiorat http://ieeexplore.icee.org or
contact IEEE at the address listed previously. For more informatioi about the IEEE SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standaids.icaeorg.

Errata

Errata, if any, for all IEEE standards can be access>d on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Ut <= e ve encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibii.i;7 ti at implementation of this standard may require use of subject matter
covered by patent rights. By pabl.cation of this standard, no position is taken by the IEEE with respect to the
existence or validity of an, pa »n*rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assiranc= via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://stanc ards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter ‘swilling or unwilling to grant licenses under patent rights without compensation
or under reascuchle rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimitiation. o applicants desiring to obtain such licenses.

Esseni al Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
sespons.ble foridentifying Essential Patent Claims for which a license may be required, for conducting inquiries
inv> the 1:gal 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 1627-2019, IEEE Standard for Transient Overvoltage Protection of DC
Electrification Systems by Application of DC Surge Arresters.

This standard applies to dc electrified transit systems that use different configurations to supply dc traction
power from the dc traction power substations (TPSSs) to the vehicles. The probability of lightning surges
striking a dc electrified transit system depends on its geometry; its height above the ground surface; the track
lengths; the tracks’ relative location with respect to the presence of tall buildings, trees, towers etc.; and the
lightning flash-to-ground intensity of the general area of the rail transit system. If the expected frequency of
direct lightning (ND) exceeds its tolerable frequency of lightning (NC) (established by National Electt.>al
Code® (NEC®) (NFPA 70®) and IEC 62305) after the lightning probability risk assessment analysis, ‘her
the lightning-protection system (LPS) should be applied (refer to NFPA 780 and the IEC 62305 sciies 0
understand how to perform LPS risk analysis and apply it to protect systems from lightning surge:).! L2Ss
shall be designed and installed to dc transit electrification systems based on the surge environmeric.nd ti.c LPS
analysis.

A LPS is not necessary if expected ND is below the expected NC and the dc transit el ctritic. tion system is
considered self-protected from lightning. However, surge arresters should still be app ‘ed t. profcct equipment
insulation damage from inherent switching surges and surges induced by nearyy lightnti.g.

Arbitrary installation of direct-stroke diverters; such as lightning rods aad grouud wires above the transit
system, such as overhead contact system (OCS) poles; change the gecn =trv and may increase chances of
more lightning exposure. Based on such reasoning, it appears that ey in L. area of higher lightning strokes,
the application of ground wires and ground rods above the OCS skuld not be used as LPSs. The approach
of this standard is to develop a transient overvoltage protectic » sci 2me that focuses on the basic approach of
selection and application of dc surge arresters, their ground:iig ccafiguration, and grounding of transit system
support structures. To achieve such a protection scheme, a evie v of the following is necessary:

a)  Selection of appropriately rated dc surge ari =ster:.

b)  Grounding of surge arresters by usc¢ ot an insulated individual grounding conductor (as short as
practical) connected to their indiv/du~.i ground electrodes.

¢) For a transit system consisting »f ai OCS, the grounding of surge arresters shall not be bonded to
metallic OCS poles to keep 1 'ghtuing surge hazards away from the poles that can cause insulation
breakdown of the insriaiors «..d that can cause damage to pole foundation. In addition, poles may
become electrical sho 1. ha iards, and leakage current of the arrester may cause damage to pole rebar
over time.

The selection of basic 1.~h%.1ing impulse insulation levels (BILs) for dc electrification equipment is the scope of
work for a futurc TEEE/A\ TA subcommittee standard, thus no further discussion is included in this standard. A
discussica on 3ILs "evel of de switchgear is included in Table 6. BIL values of dc switchgear are also included
in[EC 619v2-1:2006.

DC trarsit electrification system components and associated structures cannot simply be compared to electric
ulity trensmission lines as the physical configuration and location of conductive conductors supported on
‘nswiuted structures of the two systems are quite different: An OCS structure is very close to ground and
running rails where lightning spark to ground and OCS structure can occur simultaneously. Therefore, the
concept of lightning protection by use of ground/shield wire does not apply to dc electrification systems.
However, in the case of single-phase ac electrification OCSs (not included in this standard), an overhead
ground wire that carries return traction ac current as well as shield wire above the ground wire are applied.

"Information on references can be found in Clause 2.
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Prior to and during the development of this standard, there were reports of surge-arrester failures on several
transit systems resulting in service interruption and equipment failures. Questions were raised regarding the
grounding of OCS support poles and the pros and cons of using surge arresters in the OCS. Most importantly,
there was no clear understanding of the proper selection and application location of dc surge arresters to OCSs
and, in general, to dc electrification systems. This standard now provides technical understanding of surge-
arrester application to dc transit projects.

To establish a lightning-protection design scheme for dc electrification systems, the derivation of lightning
intensity and lightning stroke surge energy using lightning parameters is required. For such a derivation of
lightning intensity, surge arrester selection is established based upon the typical available lightning data.

When considering lightning protection for dc transit electrification system components, especially fr ti.2
OCS, numerous questions arise, such as:

a)  Will adc surge arrester handle surge energy if a lightning flash (strike) directly hits the C'S wi=near
the arrester location?

b) Ifalightning flash directly hits the OCS wire between two TPSSs, what will be tha encrgy discharged
through the surge arresters at respective feeder poles?

c) In higher keraunic areas, is there a need to apply dc surge arresters at thc.mid»oint of two adjacent
substations to enhance the lightning protection of the OCS?

d) Do we need to apply surge arresters at the connection points o un( erground dc supplementary feeder
cable to OCS contact wire located approximately every 122 m = 122.4 m (400 ft to 500 ft), where
overhead messenger wire design is not possible in areas ¢ue to acsthetics and other restrictions of

height of the messenger wires?
e)  Should there be a shield/ground wire above the mess=ng v to enhance lightning protection?
f)  Should we apply surge arresters at dc disconnect sc >tior.alizing switches?

g) Should surge arresters be considered at the -unning rails, especially at elevated structures and bridges?

Responses to the above questions are discussea i his standard.

Origin and development IESE Std 1627-2019

The Overhead Contact Systen s/sul committee was formed in 2001 with the purpose of developing standards
governing the design, con: ruction, and maintenance of the OCS and current collection system.

IEEE Std 1627-2019, "EE!. Standard for Transient Overvoltage Protection of DC Electrification Systems by
Application of DC Surgc Arresters, was developed by Working Group 17 of the Overhead Contact Systems
Subcommitte< of e Rail Transit Vehicle Interface Standards Committee of the IEEE Vehicular Technology
Society.

Workir.z Group 17 was established to develop standards governing the transient overvoltage protection of
G trane - systems. The primary concern of the working group was a lack of uniform practices and a lack
of uader tanding of the proper application of dc surge arresters, and grounding configurations. Precise
n.“rmation of the transient environment, expected magnitude, duration, and frequency of transient surges
is very unpredictable, and there has been no recorded data available to guide application engineers in the
selection and application of appropriate dc surge arresters. However, it is clear that the unpredictable threat
of transient overvoltage caused by power-system switching surges and lightning surges exists that can occur
without warning, causing damage to the dc transit system equipment without proper application of surge-
protective devices(SPDs).
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It appears that the lack of knowledge of the transient environment and understanding the parameters and rating
of dc surge arresters led to guesswork in the selection and application of such protective devices, causing
failures at some installations. At some transit properties, failures of dc surge arresters and associated transit
equipment damage have been reported. A lack of understanding of characteristics of transient overvoltage;
dc surge arrester ratings; their proper selection, installation, and grounding configurations; and a lack of their
clear test and application data from the manufacturers has been a major concern in the industry, which led to
the development of this standard. Proper application of dc SPDs to practically divert surge energy away from
the surge location at the dc transit system relates directly to their effect on equipment protection and personnel
safety from surge hazards.

The previous PAR for IEEE P1627 expired in December 2015, just before the committee was finalizing the
ballot review comments. Thus, a new PAR was submitted and approved by the IEEE Standards Association in
June 2016. This standard is based on the new PAR.
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IEEE Standard for Transient Overvoltage
Protection of DC Electrification Systems
by Application of DC Surge Arresters

1. Overview
1.1 Scope

This standard covers the application of dc surge arresters for transient overvoltage protection of dc transit
electrification systems. These dc transit electrification systems include light rail, heavy rail, streetcar, and
trolley bus systems. This standard covers the selection and application of metal-oxide varistor (MOV) gapless-
surge arresters to divert surge energy away from the transit system components. It does not cover low-voltage
SPDs that are required within dc traction power system equipment, such as rectifier units, vehicle propulsion
systems, or other sensitive components of the dc transit system.

1.2 Purpose

It is the purpose of this standard to provide uniform practices for lightning and switching transient overvoltage
protection of dc transit electrification by proper selection of dc surge arresters based on the surge environment
and site conditions of the transit system. This standard allows the use of SPDs in dc transit systems to avoid
insulation failure due to transient overvoltage. Transient overvoltage protection is just as important as short-
circuit protection. This standard will minimize equipment damage caused by transient overvoltages, increasing
system reliability that will result in reduced maintenance.

1.3 Contents

First, the basic characteristics of transient surges, their origin, and energy and propagation behavior
are described in Clause 4 and Clause 7. This is followed by a brief description of the surge environment
expected at dc electrification system in Clause 5 and Clause 7. Clause 5 also includes dc SPD requirements for
comparison of transient overvoltage protection, dc surge arrester tested parameters by manufacturers, surge
arrester application analysis calculation, and energy absorbing (handling) capability. Clause 6 and Clause 7
cover analysis of lightning strikes to the dc transit electrification system components. Clause 8 covers surge
arrester grounding and grounding of OCS poles. Clause 9 includes dc surge arrester application locations
and discussion of application parameters including various voltages assigned to a dc surge arrester to help in
the selection of dc surge arresters. In addition, Clause 9 includes insulation and BIL levels of dc switchgear.
Clause 10 covers dc surge arrester service requirements. Clause 11 covers dc surge arrester assembly and
testing and design and field tests, including an application example of dc surge arresters to OCSs.
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