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Abstract: General recommendations for performing maintenance work on energized power lines
are provided. Technical explanations as required to cover certain laboratory testing of tools and
equipment, in-service inspection, field maintenance and care of tools and equipment, and work
methods for the maintenance of energized lines and for persons working in the vicinity of
energized lines are included.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant
or represent that the use of the material contained in its standards is free from patent infringement. IEEE
standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

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

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

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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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 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.
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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.

Photocopies

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

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
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IEEE SA Website at https://standards.iece.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.

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 516-2021, IEEE Guide for Maintenance Methods on Energized Power Lines.

Live-line maintenance of transmission lines began in the early 1920s and developed into a major working
practice as the transmission systems were expanded and the voltages increased.

In the 1950s, when the transmission line voltage exceeded 300 kV line to line, the use of fiberglass to
replace wooden tools made a significant change in the industry. Economic conditions prohibited the
construction and operation of redundant lines, and the need for live-line maintenance of transmission line
increased rapidly.

During the 1950s and 1960s, several papers were written regarding the safety aspects of live-line
maintenance. In the early 1970s, the IEEE Transmission and Distribution Committee recognized the need
to consolidate information on live-line maintenance, and thus a task group was formed to write a guide. The
task group later became the Engineering in the Safety, Maintenance and Operation of Lines (ESMOL)
Subcommittee.

This guide was started in the late 1970s and was published in 1986 on a trial-use basis. In 1987, the guide
was released as a full-use ANSI/IEEE guide. Since the original publication of the guide, the ESMOL
Subcommittee has been working on revisions to the guide to bring it up to the current state of the art and
into conformance with other international standards issued in recent years. The ESMOL Subcommittee has
added sections from other ESMOL sponsored guides in this edition to expand the scope of the guide to
cover more of the industry’s needs.

In the guide editions up to 1995, most of table data were obtained from plots. In the 2003 guide, the tables
were calculated using the formulas in the guide in a step calculation method.

In the 2009 edition of the guide, the tables were calculated using the formulas in the guide. Additional text
was added on the determination of maximum anticipated per-unit transient overvoltage (TOV) T and use of
the minimum air insulation distance (MAID) and minimum approach distance (MAD).

During the original development of the guide, it was not intended that it would be used as a document to
establish government regulations. However, since its publication in 1986, several government regulatory
agencies have used the guide in their rule making. The 2009 edition of the guide included revisions that
make it more compatible for use in governmental regulations.

The 2021 edition includes important new information regarding live working ropes, resulting from recent
research, advances in rope materials and manufacturing, and laboratory tests. New information on ground
potential rise during line work is presented with three-dimensional color graphs for several structure types
and grounding arrangements. Also, distances are indicated as uppercase script letter D in equations (for
example, Dmvam, D1-1), but actual familiar abbreviations are retained in the descriptive text.
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IEEE Guide for Maintenance Methods on Energized Power Lines

1. Overview

1.1 Scope

This guide provides the general recommendations for performing maintenance work on energized
power lines. It is not intended to include all of the proven practical methods and procedures;
however, these selected comprehensive recommendations are based on sound engineering
principles, engineering safety considerations, and field experience by many utilities. Included are
technical explanations as required to cover certain laboratory testing of tools and equipment, in-
service inspection, maintenance and care of tools and equipment, and work methods for the

maintenance of energized lines and for persons working in vicinity of energized lines.

1.2 Purpose

The purpose of this guide is to

a) Present, in one guide, sufficient details of some of the methods and equipment presently in

use to enable the performance of energized line maintenance with maximum safety.
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b) Direct attention to appropriate standards and other documents for the acquisition of

knowledge on the inspection, care, and use of required tools and equipment.

c) Provide guidance for establishing an appropriate work area, taking into consideration safety

and the physical effects of the work area on personnel.

It is not intended that this guide should replace present proven utility practices or imply that these
recommendations are superior to existing practices and, therefore, should be universally adopted as
utility standards. This compilation of many accepted practices is presented specifically in the form of
a guide to be used by those electric utilities and agencies that are seeking guidance in establishing

methods and procedures for maintenance of energized power lines.

1.3 Application

This guide, although general in scope and purpose, is specific enough to be applicable to all aspects

of energized-line maintenance.

Since energized-line maintenance practices for different projects are influenced by the magnitude
and nature of each project and by local conditions and circumstances, some alternative methods that

have been successfully employed are presented.

The practices described provide for the performance of energized-line maintenance with maximum

safety. They are based on practices of operating utilities with many years of successful experience.
The approach used in this guide is to

a) Indicate the engineering and other technical considerations essential to the performance of

energized-line maintenance with maximum safety.

b) Provide guidance for the necessary test equipment and procedures associated with

manufacturer and user acceptance, testing, and care of equipment.

c) Detail various work methods for working on or near energized lines and associated devices.
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Advancement in technology or changes in system design will probably justify modifying the

minimum requirements recommended in this guide.

CAUTION

Requirements of federal, state, or local regulations should be observed. When any conflict exists

between this guide and the rules of the owner of theline, the owner’s rules shall take precedence.

1.4 Word usage

Theword 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 fo).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able t0).

I The use of the word must is deprecated and cannotbe used when stating mandatory requirements; must is used only to describe

unavoidable situations.

2 The 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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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used; therefore, 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.

ANSI/SIA A92.2, American National Standard for Vehicle-Mounted Elevating and Rotating Aerial

Devices.3 *

ASTM D 120, Standard Specification for Rubber Insulating Gloves.4 2

ASTM D 1048, Standard Specification for Rubber Insulating Blankets.

ASTM D 1049, Standard Specification for Rubber Insulating Covers.

ASTM D 1050, Standard Specification for Rubber Insulating Line Hose.

ASTM D 1051, Standard Specification for Rubber Insulating Sleeves.

ASTM F 478, Standard Specification for In-service Care of Insulating Line Hose and Covers.
ASTM F 479, Standard Specification for In-service Care of Insulating Blankets.

ASTM F 496, Standard Specification for In-service Care of Insulating Gloves and Sleeves.

ASTM F 696, Standard Specification for Leather Protectors for Rubber Insulating Gloves and

Mittens.

3+ ANSI publications are available from the Sales-Department-American National Standards Institute ~25-West43+d-Street4th
HeeorNew— Yol NY¥10036,USA-(http://www.ansi.org/).

42 ASTM publications are available from the American Society for Testing and Materials —+00-BarmHarborPriveWest
ConshohoekenPA19428 2959 USA (https htp://www.astm.org/).
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ASTM F 711, Standard Specification for Fiberglass-Reinforced Plastic (FRP) Rod and Tube Used in

Live Line Tools.

ASTM F 712, Standard Test Methods and Specifications for Electrically Insulating Plastic Guard

Equipment for Protection of Workers.

ASTMEF 855, Standard Specification for Temporary Protective Grounds to be Used on De-Energized

Electric Power Lines and Equipment.

ASTM F 1236, Standard Guide for Visual Inspection of Electrical Protective Rubber Products._

ASTM F 1701-12, Standard Specification for Unused Pelyprepylene-Rope with Special Electrical

Properties.

ASTM F 2522-05, Standard Test Method for Determining the Protective Performance of a Shield

Attached on Live Line Tools or on Racking Rods for Electric Arc Hazards.

ASTM F 3121/3121M-17, Standard Guide for In-Service Inspection, Maintenance, and Electrical

Testing of Hand-Held Live-Line Insulating Tools (Fiberglass-Reinforced Plastic (FRP)).

CSA (C225, Vehicle-Mounted Aerial Devices.2 3

IEC 60060-1:2010, High-voltage test techniques —Part 1: General definitions and test requirements.é

4

53 CSA publications are available from the Canadian Standards Association {Standards-Sales)+78Rexdale Blwd—Etobicoke;
OntarieCanada MIWIR3-(hitp:/fwww—esa-eaf)-(https://store.csagroup.ca/).

64 EC publications are available from the SalesBPepartmentofthe-International Electrotechnical Commission_(https-3,+ue-de
Varembé-CasePostale131-CHI2H-Ceneve 20-Switzerland/Suisse-thtp://www.iec.ch/). IEC publications are also available in the
United States from the SalesDepartment-American National Standards Institute_(https://www.ansi.org/).--Westd2nd-Street13th
HoorNew YorkeNY 10036 LS A
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IEC 60060-2:2010, High-voltage test techniques —Part 2: Measuring systems.

IEC 60060-3:2006, High-voltage test techniques —Part 3: Definitions and requirements for on-site

testing MeasuringDeviees.

IEC 60855-1:2016, Edition 2, Live working —Insulating foam-filled tubes and solid rods —Part 1:

Tubes and rods of a circular cross-section.

IEC 60895:2020, Edition 3, Live working —Conductive clothing.

IEC 60903:2014, Edition 2, Live working —Electrical insulating gloves.

IEC 60984:2014, Edition 2, Live working —Electrical insulating sleeves.

IEC 61057:2017, Edition 2, Live working —Electrical insulating aerial devices for mounting on a

chassis. IEC 61111:2009, Edition 2, Live working —Electrical insulating matting.

IEC 61112:2009, Edition 2, Live working —Electrical insulating blankets.
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IEC 61229:1993, Edition 1.0, Rigid protective covers for live working on a.c. installations.

IEC 61230:2008, Edition 2, Live working —Portable equipment for earthing or earthing and short-

circuiting.

IEC 61235:1993, Edition 1, Live working—Insulating hollow tubes for electrical purposes. IEC

61236:2010, Edition 2, Live working —Saddles, stick clamps and their accessories.

IEC 61472:2013, Edition 3, Live working —Minimum approaching distance for a.c. systems in the

voltage range 72.5 kV to 800 kV—A method of calculation.

IEEE Std 4™-1995, IEEE Standard Techniques for High-Voltage Testing.zl—8

[EC 61236Saddles, PoleCl Stick.Cl , oo b Live Workine:

IEEE Std 62™, IEEE Guide for Diagnostic Field Testing of Electric Power Apparatus —Part 1: Oil

Filled Power Transformers, Regulators, and React01‘:=,.5’_6

IEEE Std 524™, JEEE Guide to the Installation of Overhead Transmission Line Conductors.

IEEE Std 957™, IEEE Guide for Cleaning Insulators.

Z5REE publications are available from The Institute of Electrical and Electronics Engineers ~445-Heeskane Piscataway 08854,
USA (https://standards.ieee.org/).

8© The IEEE standards or products referred to in this clause are trademarks of The Institute ofElectrical and Electronics Engineers,

Inc.
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IEEE Std 1048™, IEEE Guide for Protective Grounding of Power Lines.

IEEE Std 1067™, IEEE Guide for In-Service Use, Care, Maintenance, and Testing of Conductive
Clothing for Use on Voltages up to 765 kV ac and =750 kV dc.

IEEE Std 1070™, IEEE Guide for the Design and Testing of Transmission Modular Restoration

Structure Components.

IEEE Std 1307™, IEEE Standard for Fall Protection for Utility Work.

IEEE Std C62.92.1™, 2000-Reaff-2005); IEEE Guide for the Application of Neutral Grounding in

Electrical Utility Systems—Part I: Introduction.
ISO 2307, Fibre Fiber Ropes—Determination of Certain Physical and Mechanical Proper’cies.2 7

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. 10

927 ISO publications are available from the International Standards Organization ISO-Central-Seeretariatteh—detaVeie-Creuse,

Case-Postale 56-CHA2H-Geneve20-Switzerland/Suisse (https hitp://www.iso.org ek/). ISO publications are also available in the
United States from the SelesDepartment-American National Standards Institute -25-West43rd-Street4thEloorNewYorleNY
10036, USA: (https hép://www.ansi.org/).

10 JEFE 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.

8 Information-onreferences-can befound in Clause_2-
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aerial work: Work performed on equipment used for the transmission and distribution of electricity
and performed in an elevated position on various structures, conductors, associated equipment from

the structure, an insulating device, or a helicopter for barehand work.

barehand work: A technique of performing live maintenance on energized wires and equipment
whereby one or more line workers work directly on an energized part after having been raised and
bonded to the same potential as the energized wire or equipment. These line workers are normally
supported by an insulating ladder, insulating rope, insulating aerial device, helicopter, or the
energized wires or equipment on which they are working. Most barehand work includes the use of

insulating tools.

bonded: The_electrical and mechanical interconnection of conductive parts to maintain a common

electrical potential. Syn: connected.

bucket: A device designed to be attached to theboom tip of a line truck, crane, or insulating mobile

elevating work platform aerial-deviee and used to support workers in an elevated working position.

It is normally constructed of fiberglass to reduce its physical weight, maintain strength, and obtain
good dielectric characteristics. For some applications, the device is a platform with a railing

generally constructed of conductive material. Syn: basket; platform.

capacitive current: The component of the measured current that leads the applied voltage by 90°

due to the capacitance of the tool or equipment.

clear live tool insulation distance (line-to-ground): The distance measured longitudinally along the

insulating part of the tool between the metal end fittings of peintsswhere-the tool, where one metal

end fitting contacts a the-live part parts and the other end fitting contacts a part parts at ground

potential. This definition applies to tools without metal along the length of the insulating part that

might create a floating object. See also: minimum tool insulation distance (MTID).

conducting body: A conductive object or mass such as a steel structure or metal component.
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conduction current: The component of the measured current in phase with the applied voltage that
is delivered to the volume of the tool or equipment due to the electrical resistance of the material

comprising the tool or equipment.

conductive clothing: Clothing made of natural or synthetic material that is either conductive or
interwoven with conductive thread to provide mitigation of the effects of the electric fields of high -
voltage energized electrical conductors and equipment, and of_the radio frequency (RF) fields of

public communication system (PCS) antennas.

conductor: A wire or combination of wires not insulated from one another, suitable for carrying an

electrical current. Conductors can be bare or insulated. Syn: cable; wire.

cover-up equipment: Equipment designed to protect persons from brush or inadvertent contact to
energized parts in a specific worksite. Many different types are available to cover conductors,
insulators, dead-end assemblies, structures, and apparatus. Cover-up material might be either

flexible or rigid. Syn: blanket; cover-up; eel; hard cover; hose; snake.
critical flashover (CFO) voltage: Fifty percent probability of sparkover voltage.

current-carrying part: A conducting part intended to be connected in an electric circuit to a source of

voltage. Noncurrent-carrying parts are parts not intended to be connected in such a manner.

de-energized: Disconnected from all intentional sources of electrical supply by open switches,
jumpers, taps, or other means. De-energized conductors or equipment could be electrically charged
or energized through various means, e.g., induction from energized circuits, portable generators,

lightning.

disruptive discharge: The phenomenon associated with the failure of insulation, under electric
stress, that includes a collapse of voltage and the passage of current. The term applies to electrical

breakdown in solid, liquid, and gaseous dielectrics and combinations of these.

energized: Electrically connected to a source of potential difference or electrically charged to have a

potential different from that of the ground. Syn: alive; current-carrying; hot; live.
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equipotential: A nearly identical state of electrical potential for two or more items.

equivalent salt deposit density (ESDD): The amount of salt that, when dissolved in demineralized

water, gives the same volume conductivity as that of the highly soluble natural deposit removed

from a given surface of the insulator divided by the area of this surface; generally expressed in

mg/cmz. However, for discussion of ESDD on live-line tools, units of ug/crn2 are recommended to

convey the necessary precision of accuracy.

NOTE —See IEEE Std 1820™-2020 [B48].11, 12

flashover: A disruptive discharge through air around and over a surface of solid or liquid
insulation, between parts at different potential or polarity, produced by application of voltage

wherein the breakdown path becomes sufficiently ionized to maintain an electric arc.

floating object: An object that may or may not be conductive in the air gap at unknown potential.

floating potential: Electric potential of a Awn—electrie—charge—impressed—upen conductive object

ebjeets suspended in the air gap that is are not electrically connected to the energized conductor or

ground.

gloving: A method of performing live work on energized electrical conductors and equipment
where one or more gqualified electrical workers, wearing specially made and tested insulating gloves,

with or without sleeves, work directly on the energized electrical conductor or equipment.
ground potential: Potential equal to or near that of ground, normally zero volts.

grounded: Connected to earth or to some extended conducting body that serves instead of the earth.

Syn: earthed.

11 % The numbers in brackets correspond to the numbers in the bibliography in Annex A.

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

implement the standard.
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helicopter work: A technique of using a helicopter for performing live work on energized wires and

equipment, where one or more line qualified electrical workers work directly on an energized part

after being raised and bonded to the energized wire or equipment. See also: aerial work; barehand

work.

hot: See: energized.

insulated tool or device: A tool or device that has conductive parts and is either coated or covered

with a dielectric material to provide electrical insulation.

Insulating insulated personal equipment: Personal equipment made of natural or synthetic
material that is designed primarily to provide electric insulation from an energized part or

conductor.

insulating tool or device: (A) A tool or device designed primarily to provide insulation from an
energized part or conductor. It can be composed entirely of insulating materials. Examples include
conductor cover, stick, and insulating tape. (B) A tool or device that has conductive parts separated

by dielectric parts. Syn: hot stick.

insulator cover: Electrical protection equipment designed specifically to cover insulators. Examples

include dead-end cover, pole-top cover, and ridge-pin cover. Syn: hood; pocketbook. See also: cover-

up equipment.

isolated: (A) Physically separated, electrically and mechanically, from all sources of electric energy.
Such separation may not eliminate the effects of electric or magnetic induction. (B) Not readily

accessible to persons unless special means for access are used.

leakage current: A component of the measured current that flows along the surface of the tool or

equipment, due to the properties of the tool or equipment surface, including any surface deposits.

line work: Various operations performed by a person on electrical facilities, including groundwork,

elevated work, aerial work, and associated maintenance.
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line worker: A person qualified to perform various line work operations, including elevated aerial

and groundwork. Syn: lineman. See also: qualified electrical worker.

live: See: energized.

live parts: Items at the normal line operating voltage or electrical sesre potential above ground

potential.

live work: Work on or near energized or potentially energized lines (i.e., grounding, insulating tool

work, gloving, barehand work). Syn: live-line work; hot stick work.

maximum power frequency operating voltage (VM): The maximum system operating root-mean-
square (rms) line-to-line (or line-to-ground for single phase or pole-to-ground for dc) voltage, which

is also equal to the 1 per-unit (p.u.) base.

NOTE —For purposes of this guide, the maximum operating voltage is 5% higher than the rated

(nominal) system voltage: 1.05 x rated (nominal) system Voltage.ﬁ 0

minimum air insulation distance (MAID): The shortest distance in air between an energized
electrical apparatus and/or a line worker’s body at different potential. This distance, with a floating
electrode in the gap, is equal to or greater than the sum of the individual minimum air insulation
approaeh distances (MADs). This is the electrical component and does not include any factor for
inadvertent movement.-Si#+-eleetrieal-distanee-

NOTE Forthe definition ot cloctrical-d: e EC 61472 [B211,

minimum approach distance (MAD): The minimum air insulation distance (MAID) plus a factor for

inadvertent movement.

1346 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the

guide.
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minimum approach distance for_line-to-ground tools (MAD for Tools): The minimum length of

insulation distance required, measured using the shortest distance between the conducting part at
the live end and the closest point at ground potential. This term applies to tools that are subject to

inadvertent movement.

minimum helicopter approach distance (MHAD): The shortest distance in air between an

energized conductor and the closest point of helicopter_(air insulation distance) including

inadvertent movement.

minimum tool insulation distance (MTID): The minimum length of insulation distance required,
measured using the shortest distance between the conducting part at the live end and the closest

point at ground potential. If floating objects are present, such as metal pins on an adjustable strain

stick, the MTID is the shortest distance between the conducting part at the live end and the closest

point at ground potential minus the sum of the lengths of the individual floating objects. This term

applies to tools that are not subject to inadvertent movement.

operating clearance: See: work permit.

overvoltage: Voltage that exceeds the maximum operating line-to-ground voltage. This voltage may

be the result of a transient or switching surge. Syn: transient overvoltage (TOV).

portable protective air gap (PPAG): A gap placed between live parts and ground to limit the

overvoltage that may otherwise occur. Syn: personal protective air gap.

power loss: A means used to determine dielectric strength of an object by measuring the power loss

through the object. Syn: Doble Test; watts loss.
protective grounding equipment: See: temporary protective grounding equipment.

puncture: A disruptive discharge through the body of a solid dielectric.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:01:09 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 516-2021


http://www.avadocuments.com/doc/ieee-516-2021
http://www.avadocuments.com/doc/ieee-516-2021

qualified_electrical worker: Having been trained in and having demonstrated adequate knowledge

of the installation, construction, or operation of lines and equipment and the hazards involved,
including identification of, and exposure to, electric supply and communication lines and equipment
in, or near, the workplace. An employee, who is undergoing on-the-job training and who, in the
course of such training, has demonstrated an ability to perform duties safely at his or her level of
training, and who is under the direct supervision of a qualified person, is considered to be a

qualified person for the performance of those duties.

rigging: An assembly of material used to manipulate or support various tools and equipment in

energized, de-energized and not grounded, and grounded line work.

sparkover: A disruptive discharge between preset electrodes in either a gaseous or a liquid

dielectric.

sparkover voltage: A voltage level at which a sparkover probably will occur under the stated

conditions.

statistical sparkover voltage: A transient overvoltage (TOV) level that produces a 97.72%

probability of sparkover (i.e., two standard deviations above the 50% sparkover voltage value).
statistical withstand voltage: A transient overvoltage (TOV) level that produces a 0.13 +4%
probability of sparkover (i.e., three standard deviations below the 50% sparkover voltage value).

stick: A type of insulating tool used in various operations of live work. Syn: hot stick; live-line tool;

pole; work pole; work stick.

stray current: Currents or components that do not constitute information desired for measurement.

Examples are currents due to the stray capacitance of an object to the ground plane, walls, etc.

structure: Material assembled to support conductors or associated apparatus, or both, used for

transmission and distribution of electricity (e.g., service pole, tower).
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suspension of reclosing: To make inoperative automatic reclosing equipment. Syn: auto-reclosing

off; block reclosing; hold off; hold order; hold out; live-line permit; non-reclose.

switching surge: An overvoltage resulting from the operation of a circuit-interrupting device. Syn:

switching impulse.

temporary protective grounding equipment: A system of ground clamps, ferrules, cluster bar, and
covered cables designed and suitable for carrying maximum anticipated fault current and

grounding conductive objects.

NOTE —See ASTM F 855, IEC 61230;2008, IEEE Std 1048.14

tool or equipment leakage current: The total leakage current delivered to the tool or equipment.
The tool or equipment provides only one path for the current, and this current is equal to the

leakage current. See also: leakage current.

withstand voltage: A voltage level at which a sparkover probably will not occur under the stated

conditions.

work permit: The authorization to perform work, such as work on a circuit. It is often part of a

lockout-tagout procedure. Syn: operating clearance-guarantee.

3.2 Acronyms and abbreviations

a switching surge air saturation factor
A altitude correction factor
C1 factor in ft/kV determined from 60 Hz tests on rod-to-rod gap at 100 kV rms per

foot of tool length withstand (100 kV rms/ft)

2 insulating +ke tool factor

14 fnfo rmation on normative references can be found in Clause 2.
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CFO critical flashover voltage

ESDD equivalent salt deposit density

BcM istareedrn—con-Bmekers

DET e ta—tesk

DM s e

EMAX medmim-transient-evervoltage (TOVALA)

FRP fiberglass-reinforced plastic

GPR ground potential rise

AN enly-the-eurrentinthe phase from-wattlosstestinginamperes
k gap factor

KF floating conductive factor

M inadvertent movement factor

MAD minimum approach distance (also DMAD in equations)

MAID minimum air insulation distance (also DMAID in equations)
MHAD minimum helicopter approach distance (also DMHAD in equations)
MTID minimum tool insulation distance (also DMTID in equations)
PPAG portable protective air gap_

p-u. per unit

Peak transient peak (crest)
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RF radio frequency

rms root mean square

T maximum anticipated per-unit transient overvoltage (TOV) TOV

rms transient overvoltage

TOVpeak peak transient overvoltage

TTOCD temporary transient overvoltage control device deviees

V50 transient or temporary overvoltage level that produces a 50% probability of
sparkoverinkilovols

VL-G ac voltage line-to-ground (rms))—+nkileveks

kVL-G line-to-ground voltage (rms)

V or VL-L ac voltage line-to-line (rms))—nkiloveoks

VM maximum power frequency operating voltage (rms), inkilovelts-line-to-line
YMPG medmim-powerfrequency-operating-voltage{rms)inlilovelts,poleto-ground
VNeg peak voltage of the negative side of a sine wave
VP-G dc voltage pole-to-ground-niilovelts
VP-P dc voltage pole-to-pole—intkiloveolks
VPos peak voltage of the positive side of a sine wave
Vpeak switching surge or transient overvoltage peak or crest voltageinkilovols
¥R mantfacturer'sratinginkilovelts
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W+ 20

u—30

withstand voltage, peak

(Greek small letter alpha) line-to-line insulation strength, which is the proportion

of negative switching impulse voltage in the total line-to-line impulse voltage

(Greek small letter sigma) probability standard deviation

(Greek small letter mu) 50% critical sparkover voltage value (mean value)

sparkover voltage

withstand voltage

4. Technical considerations

4.1 Introduction

The performance of live work requires the use of equipment and tools that in many cases are specific

to the work operation. Development of equipment and tools is based on requirements generated

from field needs and experiences related to technical considerations and work method safety. For

live work, minimum air insulation distance (MAID), minimum tool insulation distance (MTID),

minimum approach distance (MAD), minimum approach distance for tools (MAD for Tools), and

minimum helicopter approach distance (MHAD) have been developed in this clause for operating

voltages up to 800 kV. These distances are used when working near the following:

— Overhead conductors supported by suspension and tension insulators

— Overhead conductors supported by post insulators

— Overhead tubular bus supported by post insulators

— Equipment entrance bushing and cable potheads
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— Live equipment such as “live tank” circuit breakers, high-speed circuit switching devices,

isolating switches, wave traps, series capacitors and reactors

— Insulated phase conductors not covered with a continuous conducting shield or sheath at

ground potential and supported from a conductor at ground poten’ciall—5 H

The major hazard in live work on high-voltage lines and equipment is a sparkover of air gap
insulation to ground at the worksite. This results in the rapid release of a large amount of energy,

which may cause injury to the workers and/or damage equipment.

In an operating electrical power supply system, the phase conductors are insulated from each other
and ground using the support insulators and air. When live work is performed on high-voltage
systems, the primary insulation is air. However, in systems below 72.5 kV, rubber insulating gloves
and sleeves, insulating cover-up, and insulating barriers can provide additional protection for the

worker. Insulating cover-up is designed only for inadvertent contact, i.e., brush contact.

4.2 Insulating properties

4.2.1 General

Personal safety and operational security during energized-line work depend on the insulating

properties of the air gap and the insulating materials that are placed in the air gap for the live work.

4.2.2 Sparkover of air gap

A sparkover of the air gap insulation at the worksite can be caused by any of the following:

a) A reduction of the air gap distance caused by the introduction of conductive objects

L+ Since the condition of the conductor insulation is not known, conductors should be considered as live at their operating

voltage.
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b) Transient overvoltages (TOVs)

¢) Tool insulation breakdown
4.2.3 Preventing sparkover of air gap insulation at worksite

For live work, MAID, MTID, MAD, MAD for Tools, and MHAD have been developed, based on the
maximum operating voltage of the system and the maximum anticipated TOV (and per-unit FO¥

T) of the line, to provide guidance to the workers on the required air gap insulation.

4.3 Air as insulation

4.3.1 General

Theinsulating characteristics of air are defined in terms of its dielectric strength and its capability to
withstand electric stresses. The dielectric strength of air is expressed in the unit of kilovolts/meter or
an equivalent unit. The dielectric strength of the air gap should be greater than the electric stress to

which it is exposed. The dielectric strength of air is influenced by the following:
a) Temperature
b) Barometric pressure
c) Altitude (height of the worksite above sea level)
d) Relative humidity
e) Airborne impurities in the air gap

f) Dimensions, shape of electrodes, and configuration of the spacing g) Time-dependent

characteristics of the applied voltage
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4.3.2 Insulating materials and tools used in live work

Insulating materials are generally defined in terms of their dielectric strength. The dielectric strength
of the insulating material or tool should be greater than the electrical stress to which it is exposed.
When two or more insulating materials are used in series within the air gap, the dielectric strength

of each should be greater than the electrical stress to which each is exposed. See 4.10.54.1.
The primary factors that affect the electrical performance of insulating materials are the following;:
a) Temperature
b) Barometric pressure
c) Altitude (height of the worksite above sea level)
d) Relative humidity
e) Airborne impurities
f)  Dimensions, shape of electrodes, and the configuration of the spacing
g) Time-dependent characteristics of the applied voltage
h) Surface contamination
i) Impurities
j) Aging
4.3.3 Insulating tools used in live work in air gap insulation

When insulating devices (e.g., live work tools, insulating aerial lift devices, insulating ladders, rope)
are used in the air gap, they are generally defined in terms of their dielectric strength. The dielectric
strength or rating of this equipment should be greater than the operating voltage to which it is being

applied. When two or more insulating devices are used in series within the air gap, the rating of

each should be greater than the voltage to which it is being applied.
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The desirable property of theinsulating devices is their ability to reduce the flow of current through
them to a very low value. Dielectric strength is defined as the potential gradient at which electric

failure or breakdown occurs.
Factors that affect the electrical performance of insulating materials include the following;:
a) Temperature
b) Barometric pressure
c) Altitude (height of the worksite above sea level)
d) Relative humidity
e) Airborne impurities
f) Dimensions, shape of electrodes, and configuration of the spacing
g) Time-dependent characteristics of the applied voltage
h) Surface contamination
i) Impurities
j) Aging

4.4 Factors that affect the air insulation
4.4.1 Atmospheric conditions

The laboratory test data used to develop the formulas and tables in the guide were obtained under
atmospheric conditions that are defined as temperatures above freezing, wind speed under 24 km/h
(15 mph), unsaturated air, normal barometric pressure [76 cm (29.92 in) of mercury] at sea level, and

uncontaminated air, with clean and dry insulators.
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4.4.2 Contamination

The equipment used for gloving, cover-up materials, and insulating sections of aerial devices and
tools shall be kept free from contamination. Live work may ean be performed on dry contaminated

insulators. Work on wet contaminated insulator should be avoided.

4.4.3 Adverse weather conditions

Live work should not be performed when the following adverse conditions exist:
a) Lightning activity in the worksite area
b) Relative humidity at or near 100%
c) Relative humidity at or above 85% for high-voltage dc work above 72.5 kV

d) Rain or snow

4.5 Air gap distances

4.5.1 General

This subclause describes the two methods for determining the MAID, MTID, MAD, MAD for Tools,

and MHAD for use in work involving energized lines and equipment.

a) Calculation of distances using the formulas in 4.6 and 4.7 is recommended.

b) Distance tables calculated from the formulas in 4.6 and 4.7 have been provided in Annex D.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:01:09 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 516-2021


http://www.avadocuments.com/doc/ieee-516-2021
http://www.avadocuments.com/doc/ieee-516-2021

NOTE —The MAID, MTID, and MAD should notbe confused with other electrical distances, such as

insulator creepage distance and National Electrical Safety Code® (NESC®) (Accredited Standards

Committee C2-2007) [B1] conductor spacing, etc.

This guide does not address live work on lines and equipment with an ac and dc line-to-line or line-

to-ground or pole-to-ground voltage below 50 V.

This guide recommends that contact be avoided for live work on lines with an ac and dc line-to-line

or line-to-ground or pole-to-ground voltage between 51 V and 300 V.

CAUTION

Additional precautions may be required when working on lines and conductors used on
distribution network, transportation system catenary, and long low-capacity rural distribution
circuits due to fault clearing. In some of these cases, the primary current source may not be

automatically opened or interrupted if the fault is beyond the reach of the protection.

Additional precautions may also be required on dc and low-frequency circuits since a considerably

larger switch gap is required to break the arc when opening a circuit.

This guide recommends the following rounding-up of the distance and switching surge air

saturation factor calculation:

Ttem MNumber of decimal places

| ]

Distance in meters

It

Distance in feet

It

Distance in centimeters

]

Switching surge air saturation factor, a

New
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-\ /_
-~ Item Number of decimmal places
Distance in meters, Dy —__ —

—

Distance in feet, Der =

Distance in centimeters—Sry
Swiw saturation factor, “a”
|

(Peleted}

i
/

To round up, add 1 to the last decimal place to be retained if the next decimal place is not zero.

Example: 2.2224 rounded up to 3 decimal places is 2.223

4.5.2 Minimum air insulation distance (MAID)

4.5.2.1 General

The MAID for line-to-ground workis the minimum air gap distance required to prevent a sparkover
at the worksite between the energized parts and a conducting object at ground potential during live
work. This distance is normally measured in meters or feet along a straight line between the

conductor or energized metal hardware and the ard nearest item at ground potential. The nearest

item at ground potential may be the worker or part of the supporting structure.

The MAID for line-to-line work is the minimum air gap distance required to prevent a sparkover at
the worksite between the energized parts of two different phases phase-cenduetors during live
work. This distance is normally measured in meters or feet along a straight line between the

conductors_or energized metal hardware.

4.5.2.2 Determining MAID for line-to-ground and line-to-line work for ac
and dc pole line-to-pole linre voltages between frem-300 V and below-72.5
kV

The MAID is therequired undisturbed air insulation distance required to prevent a sparkover at the

worksite during a system event that results in the maximum anticipated TOV_(and T).
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The formulas for distances MAHDs for line-to-line voltages below 72.5 kV are based on the 60 Hz

rod-to-rod gap test data from IEEE Std 4;IM 1995.4B28}- See4.6.2%4,4.7.1.1,4.7.12,4.74.2 %, and 4.7.5

for further details.

For dc lines, see also 4.7.4.6 4.

4.5.2.3 Determining MAID for line-to-ground work for ac line-to-line

voltages above 72.5 kV

The formulas for MAD-line-to-ground MAID values distanees for line-to-line voltages above 72.5

kV are based on the rod gap test data from IEEE paper “Recommendations for safety_in live-line
maintenance” [B42] B25}. See 4.6.3 2.1 and 4.7.1.3 for further details.

4.5.2.4 Determining MAID for line-to-line work for ac line-to-line

voltages above 72.5 kV

The formulas for line-to-MAXD-line MAID values-te-tirredistaree for line-to-line voltages above 72.5

kV are based on test data (for the live-to-line gap) published the 1993 paper by Vaisman et al. [B60
B41]. The paper presents and compares such published test data from five laboratories found in the
literature. These test data are fitted with a modified Gallet equation used to determine line-to-line

MAID (see Gallet et al. [B27 B+6] and [B26 B4+7#]). See 4.6.3 2.2 and 4.7.1.4 for further details.
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4.5.2.5 Reducing MAID

When using cover-up material, rubber_insulating gloves and sleeves, or insulating barriers that are
properly rated and tested for the operating voltage on which the work is being done, the distance
from the worker to the task location may be reduced. However, the air distance to exposed
energized parts should be maintained in the area where these are applied or used. See 4.5.4.3 for

further details.

Insulated conductors supported by a conductive material at ground potential and insulated
conductors supported by insulating material from conductive material at ground potential should
be considered as live at their line-to-ground voltage since the condition of conductor insulation is

not known.

Insulated conductors with a continuous concentric metal shield that is maintained at ground

potential should be considered as being at ground potential.

4.5.3 Minimum tool insulation distance (MTID)

4.5.3.1 General

The MTID for line-to-ground work is the required undisturbed air insulation distance that is needed

to prevent a tool flashover at the worksite during a system event that results in the maximum

anticipated TOV_(and T).

4.5.3.2 Determining MTID for acand-deline-to-ground and line-to-line

work for ac and dc pole-to-pole voltages between 300 Vat and-belew 72.5

kV

The MTID for ac and dc line-to-line voltages at and below 72.5 kV has not been determined.

Industry uses MAID since MTID is not available at and below 72.5 kV. See 4.5.2.2 practicesrormally
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4.5.3.3 Determining MTID for ac and dc line-to-ground work with line-

to-line voltages above 72.5 kV

When any foreign object, such as tools or other devices used to perform work on the line, is placed

in the air gap, the MTID is used.

This guidance includes floating objects, insulating maintenance tools, and aerial devices that are
tested and rated for the line-to-ground or line-to-line voltage applied across them. This distance is
normally measured in meters or feet along a straight line between the conductor and nearest item at
ground potential. Small conducting items [e.g., tool splices (used to join tool sections together),

clamps, cradle brackets] placed on or within the insulating medium do not affect this distance.

The MTID is calculated using a similar formula as the MAID with the addition of the C2 factor. See

4.6.3.1 and 4.7.2 for further details.

4.5.3.4Determining MTID for ac and-deline-to-line_.and dc pole-to-pole

work with line-to-line voltages above 72.5 kV

The definition of MTID applies only to line-to-ground application. It is rare that a worker would be
at the potential of one phase while working on another phase. If a nonconductive object, such as an
insulating insulated tool, is placed in the air gap joining two ac phases_or dc poles, an engineering

study should be performed. AdditionalAdeition testing is required to develop ac & line-to-line and

dc pole MHDJfaline-to-pole MTID lne M D-isrequired—+thesamefactorasusedinthelineto-

= o EWLCTEEEN : A n N/ D 2 I o PPN I
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525D tine MTID 1 del; 1 Icwith 1
lineveltagesabove 725-kV

Line-to-line live working methods are normally based on when the worker is only at the potential of
the phase on which live work is being conducted. In other words, the worker is not at the potential
of one phase while working on the other phase. For this reason, the application of insulating
insulated tools between phases is very limited. If a nonconductive object, such as insulating
insulated tool, is placed in the air gap between two phases, the application of C2 factor (which is
used in line-to-ground MTID) is questionable because there are no test data to support this. Until
such test data are available, the line-to-line MTID is not provided in this guide. However, page 520
of the 2005 EPRI Red Book [B13 B9] states “tests performed with a nonceramic insulator string
between two conductors at midspan of the test line have shown that the flashover pattern, also, is
not appreciably altered by the presence of the string and its associated hardware.” Additional tests

are planned in the rear-future.

4.5.4 Minimum approach distance (MAD)

4.5.4.1 General

To provide additional protection for workers during energized-line maintenance or while working
in the vicinity of other energized lines, MAD has been developed. This distance allows for any

inadvertent movement that may occur during live work.

4.5.4.2Determining MAD for ac and dcline-to-line voltages at and above

3013060V

The MAD is determined from the MAID, plus a factor for inadvertent movement (M). The M factor

is not adjusted for altitude. See 4.6.2 + and 4.6.3 2 for further details. See also 4.5.2.2 3-3.
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4.5.4.3 Reducing MAD

The use of barriers that physically limit the worker’s inadvertent movement can be used to calculate

reduced MAD reduee-the MADs between the worker and the energized or grounded parts. These

reduced distances ¥hey can be used on any voltage lines or equipment provided proper MAID is

observed. Barriers are not relied on for electrical insulation, but act only as physical barriers.

When working on voltages below 36 kV using cover-up material, rubber insulating gloves and

sleeves, or insulating barriers that are properly rated and tested for the operating voltage on which

the work An-exeeption—te-this is being done, the distance from the worker to the task location may

be reduced. When the worker is using the rubber gloving method—n—+thisease, the distance to the

exposed energized conductor may be reduced by eliminating or reducing the inadvertent movement

factor distance when the worker’s movement is restricted. When—using-therubberglovingmethod;

instlating-aerial-deviee—iswutilized—Insulating cover-up is designed only for inadvertent contact. It

may be necessary to use insulating aerial devices or insulating platforms to limit the leakage current
below the worker’s threshold of perception feelirng (see Kolcio [B50 B3%]). Insulating aerial devices
act as the principal insulation should the rubber gloves fail or should the worker accidentally contact

the conductor.

4.5.5 Minimum approach distance for tools (MAD for Tools)

4.5.5.1 General

To provide additional protection for workers during energized-line maintenance or while working
in the vicinity of other energized lines when any foreign object, such as tools or other devices used to
perform work on theline, is placed in the air gap, the MAD for Tools is used. See 4.6.2 + and 4.6.3 2

for further details.
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4.5.5.2 Determining MAD for Tools for ac and dc line-to-line voltages at

and below 72.5 kV

The MAD for Tools is determined from the MTID, plus a factor for inadvertent movement (M).

However, the MTID for ac and dc line-to-line voltages at and below 72.5 kV has not been
determined. Industry practices normally use an MTID that is the same as or greater than the MAID.
See 4.5.2.2 1.

The M factor is not adjusted for altitude.

4.5.5.3 Determiningline-to-ground MAD for Tools for ac and dc line-to-

line voltages above 72.5 kV

The MAD for Tools is determined from the MTID, plus a factor for inadvertent movement (M). The

M factor is not adjusted for altitude.

4.5.5.4 Determiningline-to-line MAD for Tools for ac and dc line-to-line

voltages above 72.5 kV

Addition testing is required to develop a MAD for Tools for line-to-line voltages above 72.5 kV. If a
line-to-line MAD for Tools is required, the same factor as used in the line-to-ground distance may be

used. Industry practices normally usea MAD for Tools that is the same as or greater than the MAD.

4.5.6 Minimum helicopter approach distance (MHAD)

4.5.6.1 General

To provide additional protection for workers during energized-line maintenance from helicopters,
the MHAD has been developed. This distance covers possible corona on the helicopter, rotor wash,

and movement due to wind.
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4.5.6.2 Determining MHAD for ac line-to-line voltages above 72.5 kV

The MHAD is derived from the MAD, plus an industry suggested value of 10% MAD. Data for this

subclause was obtained from EPRI report “Full-Scale AC and Switching Impulse Tests of

“Helicopter-Based Live Work; 230 kV Vertical Phase Configuration with Jumper Loop” [B16 B36]-

See 4.6.2 + and 4.6.3 2 for further details.

4.6 Distance equations

4.6.1 General

When a distance equation is used, the distances that result are in the same units as the reference data
source. In the United States, most of the line workers use the “English” or feet measurement in their

work, and in other counties, the metric measurements are used.

For this reason,fermulas-and tables have been developed in both measurement systems. Table 1 lists

the distance conversion factors used in this guide.

Table 1—Distance conversion factors

From
To convert to Centimeters Feet Meters
Multiply by
Feet 0.0328 1.0 3.281
Meters 0.0 0.3048 1.0

The distances obtained from the equations in 4.6 should be rounded up.
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4.6.2 Work on ac and dc line conductors and equipment for line-to-

ground and line-to-line voltages from 50 V to 72.5 kV

4.6.2.1 General

These distances apply to conductors and equipment supported by insulators where air is the
primary insulating medium. They do not apply to insulated cables where it has been determined

that insulation is good.

The following terms are used in the formulas in this subclause:
DM is distance, in meters
Bl edisamee—ia—test

TOVpeak is the maximum anticipated peak transient overvoltage (see 4.6.2.5 1-4) for a given

voltage, in kilovolts (see 4.7.1)

Tpeak is the maximum anticipated peak transient overvoltage expressed as per-unit of TOV

on the line (see 4.7.4)

VL-G is the line-to-ground rms voltage, in kilovolts (see 4.7.5)
VL-L is the line-to-line rms voltage, in kilovolts (see 4.7.5)
M is the inadvertent movement factor (see 4.7.7)

The equations in 4.6.4:2.3 through 4.6.2.7 3-6 were developed from the 60 Hz sparkover distance for

rod-to-rod configuration for a given voltage in kilovolts. See 4.7.1 _for further details.

4.6.2.2 Work on ac and dc line conductors and equipment for line-to-

ground and line-to-line voltages between frem 50 V and te-below 300 V

When theline-to-ground and line-to-line voltage is between 50 V.and 300 V, this guide recommends

that contact be avoided.
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4.6.2.3 Work on ac and dc line conductors and equipment for line-to-

ground and line-to-line voltages between 301 frem-306 V and te-below

750 V

When theline-to-ground and line-to-line voltage is between 301 V 366 and 750 V, sufficient test data
are not available to calculate the MAID, which is less than 2 cm (e+-0.07 ft). This guide recommends

the following:

a) DMAID MAJID, line-to-ground and line-to-line

{D!U.I.L-C-}m=cl'ﬂ2; {D}m:)u_} =0.02

m

New

H-Pn=0-02

2} DET —0-07

b) DMAD-MADBD, line-to-ground and line-to-line

PO\ =6-32

2}DET ~1.07
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4.6.2.4 Work on ac and dc line conductors and equipment for line-to-

ground and line-to-line voltages between 751 abeve 750 V and belew-5.0

kV

When theline-to-ground and line-to-line voltage is between 751 7568 V and 5.0 kV, sufficient test data
are not available to calculate the MAID, which is less than 2 cm (e+-0.07 ft). This guide recommends

the following:

a) DMAID,L-G MAID, line-to-ground and line-to-line

{D!U.I.L-C-}m=0' 2 {DP-J.ADLI_} =0.02

m

New

H-Pn =002

2YDET =007

b) DMAD,L-L,-MADB- line-to-ground and line-to-line

{Dyapro}, =063 {Dyypri} =063

New
HPn =063

2} DET =207
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4.6.2.5Work on acand dcline conductorsand equipment for line-to-line

voltages from _above 5.0 kV to 72.5 kV

To find which equation to use when the line-to-line voltage is above betweer 5.0 kV to and 72.5 kV,

first determine the peak transient overvoltage, TOVpeak.

a) For line-to-ground work

{TOV s by =“"E3"{TL4}}M ’({Vlrc.:ms}w 1)
(New)

TOV} e =\E(THVL_G]' (1)
Peleted}

b) For line-to-line work

1OV, by = V2 {Tg ), * Vi iy (2)
New
TOV, pppe =2 (T) (¥, ) — @)
(Peletedy B

If the TOVpeak is less than 27.00 kV, use 4.6.2.63-5.

If the TOVpeak is equal to or greater than 27.00 8684-88 kV, use 4.6.2.7 1-6. For dc line conductors,

see 4.7.4.6 4, 4.7.5.6, and 4.7.5-and4.7-5:6.
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