IEEE SA

STANDARDS
ASSOCIATION

ol

IEEE Guide for Surge Protection of DC
Power Feeds to Remote Radio Heads

IEEE Power and Energy Society

ISTANDARDS

Developed by the
Surge Protective Devices Committee

IEEE Std C62.55™-2020
(Revision of
IEEE Std C62.55-2017)

Documents
@IEEE Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:47:15 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.55-2020


http://www.avadocuments.com/doc/ieee-c62-55-2020
http://www.avadocuments.com/doc/ieee-c62-55-2020

IEEE Std C62.55™-2020

(Revision of
IEEE Std C62.55-2017)

IEEE Guide for Surge Protection of DC
Power Feeds to Remote Radio Heads

Developed by the

Surge Protective Devices Committee
of the
IEEE Power and Energy Society

Approved 4 June 2020

IEEE SA Standards Board

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:47:15 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.55-2020


http://www.avadocuments.com/doc/ieee-c62-55-2020
http://www.avadocuments.com/doc/ieee-c62-55-2020

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: The waveform of currents likely to exist on dc feeds to equipment located at the tops of
towers due to a lightning strike, and the consequences of that waveform for protector design, are
described in this guide.

Keywords: IEEE C62.55™, lightning, powering feed, protection, remote radio head, RRH, SPD,
surge protective device, surge waveform, towers
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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 does not warrant or represent the accuracy or completeness 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. 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.
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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 is the approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

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
& 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
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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.

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.

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 C62.55-2020, IEEE Guide for Surge Protection of DC Power Feeds to Remote
Radio Heads.

This revision of IEEE Std C62.55-2017 includes the corrections indicated in IEEE Std C62.55-2017/Cor
1-2018, and updating the clause on multiple strokes and continuing current. It also includes updates to the
original 2017 version.
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IEEE Guide for Surge Protection of DC Power Feeds to Remote Radio
Heads

1. Overview

This guide begins by discussing the characteristics of lightning flashes having a single stroke

Lghtning-that might strike a tower. The nature of the resulting current on the dc feed is are then
discussed. Next, consideration is given to lightning flashes having multiple strokes. Finally,
guidance on selecting a surge protective device (SPD) for the dc feed and practical considerations

are discussed.
1.1 Scope

This guide covers the application of SPDs used to protect the dc power feeds of remote radio heads

(RRHs) and power supplies of optical fiber-eptie cable systems feeding the antenna systems.

1.2 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).1,2

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).

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

unavoidable situations.

2The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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The word 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.

CIGRE TB 549, Lightning Parameters for Engineering Applications, WG-C4-407-2013. 3+
IEEE Std C62.33™, IEEE Standard for Test Methods and Performance Values for of Metal-Oxide
Varistor Surge Protective Components. 45273

ITU-T Recommendation K.97 (2014), Lightning protection of distributed base stations. 64

3. Definitions, acronyms, and abbreviations

3.1 Definitions

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

Dictionary Online should be consulted for terms not defined in this clause. 75

3ICIGRE publications are available from the Council on Large Electric Systems (http://www.e-cigre.org/).
42IEEE publications are available from The Institute of Electrical and Electronics Engineers, Inc. (https://standards.ieee.org/).

33The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,

Inc.

O4TU-T publications are available from the International Telecommunications Union (http://www itu.int/).

Z5TEEE 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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remote radio head (RRH): The radio frequency_(RF) module of a radio base station (RBS), which can
be installed separated from the base band unit (BBU). [ fadapted from ITU-T K.97(2014)]

NOTE 1—Optical fiber is commonly used to connect the BBU to the RRH. 8

NOTE 2 —The RF radie-frequeney module is also called remote radio unit (RRU).

3.2 Acronyms and abbreviations

BBU base band unit
DUT device under test
FTTA fiber to the antenna

ot : 1 o Lol

MOV metal-oxide varistor

RBS radio base station

RF radio frequency

RRH remote radio head

SPD surge protective device

TVS transient voltage suppressor

86Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the

standard.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:47:15 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.55-2020


http://www.avadocuments.com/doc/ieee-c62-55-2020
http://www.avadocuments.com/doc/ieee-c62-55-2020

4. The problem

Antennas at tower tops are predominately fed by coax from radio equipment at the base of the
tower. To reduce transmission losses and mechanical loading on the tower, RRHs are placed at the
top of the tower next to the antenna. Optical fiber cables carrying the signal information are run up

to the RRH equipment, where the optical signals are converted into radio frequency (RF) power to

drive the antennas. The RRH is generally powered by a low voltage dc line (typically 48 V) run up to

the equipment from a power supply at the base of the tower. Towers can be over 610 m (2000 ft) tall,

and the lightning surges to these towers can have very high I 2 (the lightning action_integral).
Consequently, the potential for RRH damage due to surges on the power feed is high and surge
protection is important to protect the RRH from possible damage. Thus, the problem considered is
the nature of the surge on a dc power feed due to a lightning strike to the tower and how that

impacts the design or selection of a protector.
5. Lightning characteristics

5.1 General

There are basically four types of lightning as shown in Figure 1. The important parameters of these

types are the manner in which the flash is initiated and the polarity of the flash.
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Figure 1—Types of lightning
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5.2 Downward leader and negative charge polarity

5.2 Typef(a)

Type (a) flashes have a downward leader and negative charge polarity [see Figure 1(a)]. About 90%
of all lightning is this type. It characterizes ground flashes and flashes to short towers. Most of the
existing data is for this type of lightning; most equipment will be subject to it (unless the equipment

is on a higher tower). The characteristics of type (a) lightning are described in Table 3.5 of CIGRE TB

549 (2013).2

5.3 Downward leader but positive charge polarity

53 TFypete)

Type (c) flashes have a downward leader but positive charge polarity [see Figure 1(c)]. About 13

10% of all lightning is this type:, with the highest amount (close to 25%) in January and February. It

characterizes ground flashes and flashes to short towers. There is less data for this kind of lightning,
but it still needs to be considered, especially for the protection of equipment on low towers. The

characteristics of Type (c) lightning were discussed in the 2012 ATIS Protection Engineers Group

(PEG) Conference (Martin [B12]1—0). Based on the 2005 data in Martin [B12], these characteristics are

shown in Table 1.

Table 1—Parameters of type (c) lightning

Parameter Aledisn Sizma
Poak applirads (1), kA 33 121
1050 miwe tima (T, ), ps 176 123
Fall tima (3, ps 130 133

9Information on references can be found in Clause 2.

10The numbers in brackets correspond to those of the bibliography in Annex B.
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5.4 Negative or positive charge polarity but an upward leader

Sl e o mme e

Type (b) flashes have negative charge polarity, but an upward leader [see Figure 1(b)]. This type of
lightning occurs only to relatively tall towers. It is infrequent and the database for it is small, most of

it going back to the-Berger, Anderson, and Krominger, et-ak 1975 paper—[B1]. For tall towers,

protection design should be based on the data (however limited seages) for this type of lightning.

Type (d) flashes have positive charge polarity and an upward leader [see Figure 1(d)]. This type of
lightning occurs only to relatively tall towers. It rarely occurs, but the effects can be large when it
does. Because there is so little data on Type #ypes (b) and_Type (d) lightning, data for both are
combined in one table in Table 7.3 of CIGRE TB 549 (2013).

6. The meanings of “short” and “tall”

6.1 Method of determination

In Clause 5, the terms “short towers” and “tall towers” have been used. How is the type of tower
determined? The type of lightning expected can help in this determination. Tall towers get hit by the
more severe upward flashes, low towers by the less severe downward ones. Which type to expect

can be calculated using Equation (1) (from Eriksson [B7]):
B =528In(H;)-230 (1)
where

P,, is the percentage of upward flashes

Hg is the structure height (meters)
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This equation is valid only for heights ranging from 78 m to 518 m, because P, =0 for Hg <78 m and
P, =100% for Hg > 518 m. Structures with heights less than 78 m (250 ft) are expected to be struck by

downward flashes only, and structures with a height of greater than 518 m (1700 ft) (there are some)

are expected to experience upward flashes only.

To help understand the percent of upward flashes expected as a function of tower height, Equation

(1) has been plotted in Figure 2 for the range of Equation (1).

Tall towers have a higher percentage of the more severe positive flashes. Therefore, for tall towers
the table of values for upward flashes would be chosen. Lower towers would use the tables for

downward flashes.
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Figure 2—The plot of Equation (1). Factor by which the effective tower
height H exceeds theactual height, where X is the ratio of mountain

height to tower height.

6.2 Correction for towers on mountain tops

As pointed out by Zhou et al. [B31 B39], the effective tower height needs to be adjusted when the
tower is located on a mountain. They give a series of equations that can be used to calculate the

effective height of the tower, H . These equations can be written as follows:
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where
h is the height of tower (meters)
a is the height of mountain above surroundings (meters)
x =ah
y =x+1

Table 2 gives some values of the factor by which the effective tower height exceeds the actual height,

as a function of the ratio of the mountain height above surroundings to the tower height.
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Table 2—Factor by which the effective tower height H exceeds the actual
height h

Hhfork=
X 10 5 50 1 150 1049 30 500
1 1.47 149 4.26 4.16 3.73 331 pd- ] 1.51
2 2.12 348 427 418 147 317 185 1.88
3 226 381 413 197 157 319 160 1.87
4 129 3.51 38 3B 348 312 L33 1.83
3 139 341 387 178 14 3.07 32 1.83
[ 128 333 337 3.47 1% 3.02 148 181
7 237 326 368 161 i 2.98 146 1.0
8 225 3x0 342 155 325 2.4 44 1.7
g 113 N 3.57 i 321 191 142 1.78
14 11 i 3512 348 118 2.89 40 LT7
12 220 104 3 1 312 2.84 237 173
14 118 199 338 ix 308 1.51 133 174
18 2.16 185 333 13 305 2.T9 133 173
18 214 182 329 117 i 2.T6 232 173
pii) 1.13 159 326 iM XL 1.73 131 1.7
5 111 183 320 e 186 2.7T1 ) 171
in 2.08 180 316 315 183 2.69 b1} 170
33 2.08 177 311 iz 18] .67 126 1.6
40 2.07 175 3.10 i1l 1E9 2.65 225 1.68
30 2.06 172 307 .07 1E7 2.64 134 1.68
T3 1.4 168 302 3.03 LE3 4.5 11 167
] 2.03 156 296 101 1R 2.60 111 167

For example, for a tower 100 m tall on a mountain rising 300 m above its surroundings, the effective
height of the tower is 397 m. Zhou et al. [B31] state that the maximum uncertainty of the values
where X > 5 in Table 2 is 105% to 322%. Where X < 4 in Table 2, it is 20% to 65%. In either case, the

values in Table 2 can be much larger or smaller than those shown.

Table 2 can be used in conjunction with Figure 2 to predict the percentage of upward flashes
expected to hit the tower. In the absence of better information, it is reasonable to assume that tall
towers will be struck mainly by flashes with upward leaders; which in turn suggests that values

from Table 7.3 of CIGRE TB 549 (2013) be used to estimate the flash waveform.
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