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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 

VLD.

 

IEEE prohibits discrimination, harassment, and bullying.
For more information, visit https:// www .ieee .org/ web/ aboutus/ whatis/ policies/ p9 -26 .html.
No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission 
of the publisher.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://www.stdhive.com/standards/ieee-1627-2019-pdf/


3

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.

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 

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 

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 

purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In 

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 

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.

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, 

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 IEEE standard is translated, only the English version published by IEEE should be considered the approved 
IEEE standard.

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations 

not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or 

views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless 

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 

Comments on standards should be submitted to the following address:

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

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.

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 

by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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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.

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, 

document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years 
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of 

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:// ieeexplore .ieee .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 all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http:// 

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter 

existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 

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 

Further information may be obtained from the IEEE Standards Association.
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This introduction is not part of IEEE Std 1627-2019, IEEE Standard for Transient Overvoltage Protection of DC 

power from the dc traction power substations (TPSSs) to the vehicles. The probability of lightning surges 

direct lightning (ND) exceeds its tolerable frequency of lightning (NC) (established by National Electrical 

the lightning-protection system (LPS) should be applied (refer to NFPA 780 and the IEC 62305 series to 
1 LPSs 

analysis.

considered self-protected from lightning. However, surge arresters should still be applied to protect equipment 
insulation damage from inherent switching surges and surges induced by nearby lightning.

system, such as overhead contact system (OCS) poles; change the geometry and may increase chances of 

the application of ground wires and ground rods above the OCS should not be used as LPSs. The approach 
of this standard is to develop a transient overvoltage protection scheme that focuses on the basic approach of 

support structures. To achieve such a protection scheme, a review of the following is necessary:

a) Selection of appropriately rated dc surge arresters.

b) Grounding of surge arresters by use of an insulated individual grounding conductor (as short as 
practical) connected to their individual ground electrodes.

c) For a transit system consisting of an OCS, the grounding of surge arresters shall not be bonded to 

over time.

discussion on BILs level of dc switchgear is included in Table 6. BIL values of dc switchgear are also included 
in IEC 61992-1:2006.

insulated structures of the two systems are quite different: An OCS structure is very close to ground and 

ground wire that carries return traction ac current as well as shield wire above the ground wire are applied.

1Information 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 

arrester application to dc transit projects.

lightning intensity, surge arrester selection is established based upon the typical available lightning data.

OCS, numerous questions arise, such as:

the arrester location?

through the surge arresters at respective feeder poles?

substations to enhance the lightning protection of the OCS?

d) Do we need to apply surge arresters at the connection points of underground dc supplementary feeder 
cable to OCS contact wire located approximately every 122 m to 152.4 m (400 ft to 500 ft), where 
overhead messenger wire design is not possible in areas due to aesthetics and other restrictions of 
height of the messenger wires?

e) Should there be a shield/ground wire above the messenger to enhance lightning protection?

f) Should we apply surge arresters at dc disconnect sectionalizing switches?

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

Responses to the above questions are discussed in this standard.

The Overhead Contact Systems Subcommittee was formed in 2001 with the purpose of developing standards 
governing the design, construction, and maintenance of the OCS and current collection system.

Subcommittee of the Rail Transit Vehicle Interface Standards Committee of the IEEE Vehicular Technology 
Society.

information 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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failures at some installations. At some transit properties, failures of dc surge arresters and associated transit 

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.

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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This standard covers the application of dc surge arresters for transient overvoltage protection of dc transit 

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 

systems, or other sensitive components of the dc transit system.

It is the purpose of this standard to provide uniform practices for lightning and switching transient overvoltage 

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 

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 

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 

IEEE Standard for Transient Overvoltage 




