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Abstract: Covered in this recommended practice is the protection of bus and switchgear used in 
industrial and commercial power systems. Also provided are fault protection and isolation strategies 
for the substation bus and switchgear, including the bus, circuit breakers, fuses, disconnecting 
devices, transformers, and the structures on which they are mounted.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. Implementers and users of IEEE Standards 
documents are responsible for determining and complying with all appropriate safety, security, environmental, 
health, and interference protection practices and all applicable laws and regulations.

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

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

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

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

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE should be considered the approved 
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or 
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her 
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless 
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards 
Coordinating Committees are not able to provide an instant response to comments or questions except in 
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to 
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome 
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

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

Updating of IEEE Standards documents

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

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

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at http://​ieeexplore​.ieee​.org/​ 
or contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards 
development process, visit the IEEE SA Website at http://​standards​.ieee​.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website at the following URL: http://​
standards​.ieee​.org/​findstds/​errata/​index​.html. Users are encouraged to check this URL for errata periodically.

Patents

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

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

This introduction is not part of IEEE Std 3004.11-2019, IEEE Recommended Practice for Bus and Switchgear Protection 
in Industrial and Commercial Power Systems.

IEEE 3000 Series®

This recommended practice was developed by the Industrial and Commercial Power Systems Standards 
Development Committee of the IEEE Industry Applications Society as part of a project to repackage IEEE’s 
popular series of “color books.” The goal of this project is to speed up the revision process, eliminate duplicate 
material, and facilitate use of modern publishing and distribution technologies.

When this project is completed, the technical material included in the 13 “color books” will be included in 
a series of new standards. Approximately 60 “dot” standards, organized into the following categories, will 
provide in-depth treatment of many of the topics formerly covered in the color books:

—	 Power Systems Design (3001 series)

—	 Power Systems Analysis (3002 series)

—	 Power Systems Grounding and Bonding (3003 series)

—	 Protection and Coordination (3004 series)

—	 Emergency, Stand-By Power, and Energy Management Systems (3005 series)

—	 Power Systems Reliability (3006 series)

—	 Power Systems Maintenance, Operations, and Safety (3007 series)

In many cases, the material in a “dot” standard comes from a particular chapter of a particular color book. In 
other cases, material from several color books has been combined into a new “dot” standard. The material in 
this recommended practice replaces Chapter 13 of IEEE Std 242-2001, (IEEE Buff Book™).

IEEE Std 3004.11™

This publication provides a recommended practice for the electrical design of commercial and industrial 
facilities. It is likely to be of greatest value to the power-oriented engineer with limited commercial or industrial 
plant experience. It can also be an aid to all engineers responsible for the electrical design of commercial and 
industrial facilities. However, it is not intended as a replacement for the many excellent engineering texts and 
handbooks commonly in use, nor is it detailed enough to be a design manual. It should be considered a guide 
and general reference on electrical design for commercial and industrial facilities.

Tables, charts, and other information that have been extracted from codes, standards, and other technical 
literature are included in this publication. Their inclusion is for illustrative purposes; where technical accuracy 
is important, the latest version of the referenced document should be consulted to assure use of complete, up-
to-date, and accurate information.
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1. Scope
This recommended practice covers the protection of bus and switchgear used in industrial and commercial 
power systems. It provides fault protection and isolation strategies for the substation bus and switchgear, 
including the bus, circuit breakers, fuses, disconnecting devices, transformers, and the structures on which 
they are mounted.

1.1  General discussion

Switchboards and switchgear are the parts of the power system used to direct the flow of power to various 
feeders or branches and to isolate apparatus and individual circuits from the power system sources. These 
parts include the bus bars, circuit breakers, fuses, disconnection devices, current transformers (CTs), voltage 
transformers (VTs), instrumentation, and the structure on or in which these are mounted. The term bus usually 
refers to the principal conductive components within an assembly of equipment such as medium-voltage (MV) 
metal-enclosed switchgear, MV control, low-voltage (LV) switchgear, power switchboards, panelboards, 
motor control centers (MCCs) and bus duct, a.k.a. busway (see IEEE Std 3001.5™ for information concerning 
the application of this equipment). Electrically a bus may be defined as any conductor with one or more sources 
and two or more connected loads with independent switching and protective devices. From the perspective of 
arc-flash hazard analysis, the line-side bus of a main device is often considered as part of the main equipment 
bus. To reduce the arc-flash incident energy, protection of line-side conductors must also be considered, even 
if they are protected by a device on the primary of a transformer.

Several factors have contributed to increasing interest in the improving protection of buses in industrial and 
commercial power distribution systems. These include:

—	 Increased short-circuit levels;

—	 Increased use of in-plant generators and distributed generation increasing the requirement for fast fault 
clearing, which is needed to maintain generator stability and to allow coordination between generator 
protection and load-side feeder protection;

—	 Increased need for reliability;

—	 Increased use of bus transfer schemes;

IEEE Recommended Practice 
for Bus and Switchgear 
Protection in Industrial and 
Commercial Power Systems
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—	 Availability of more powerful, microprocessor-based protective relays, and circuit breaker with direct 
trip units, allowing the application of improved protection to complicated bus configurations;

—	 Availability of high relaying accuracy current transformers (CTs), airgap CTs, air-core sensors 
(Rogowski coils) and optical current sensors, which have better performance with high fault currents 
or have immunity to saturation not easily available with traditional iron core current transformers;

—	 Increased understanding of, and interest in, mitigating the arc-flash hazard.

To isolate bus faults, all power source circuits connected to the bus must be acted on by one or more of the 
following:

—	 Opened electrically by circuit breakers responding to protective-relay action;

—	 Direct-acting trip units on LV circuit breakers and available in some MV circuit breakers as well;

—	 Fuses;

—	 Active current limitation devices for limiting fault current consisting of conductors that are kinetically 
opened to shunt current to a current limiting fuse.

These disconnection devices shut down all loads and associated processes supplied by the bus and might affect 
other parts of the power system.

Many existing high-voltage (HV) substations are outdoor air-insulated structures enclosed by a fence where 
the limit of approach for a bus is established mainly via clearances. In many industrial and commercial power 
systems, power distribution is implemented at LV (1 kV or less) or MV (1001 V to 38 kV). MV equipment 
standards define MV class equipment up to a 52 kV utilization category which harmonizes IEEE equipment 
standards with the corresponding IEC standards. The type of equipment selected can have a great effect on the 
reliability, maintainability, and ease of implementation of a power system as well as the ease of implementing 
the required safety practices. For various applications, designers may select enclosures for buses that include, 
but are not limited to:

—	 Panelboards (UL 67 [B35]),

—	 Switchboards (UL 891 [B38]),

—	 LV motor control centers (UL 845, [B37]),

—	 LV power circuit breaker switchgear (UL 1558 / IEEE Std C37.20.1™),

—	 Metal enclosed switchgear (IEEE Std C37.20.3™), or

—	 Metal clad switchgear (IEEE Std C37.20.2™).

Among the various selections, the designer will find that the standards define different tests that might indicate 
that one type of equipment might be more suitable for a specific application than another as the tradeoffs between 
costs, physical size, maintenance needs, operational complexity, location, and reliability are considered. 
Equipment might vary with respect to the degree of bus insulation or isolation, compartmentalization, and 
other characteristics that impact bus reliability, safety, maintainability, or other factors.

To further reduce the occurrence of faults, the bus and associated equipment should be installed in a location 
where these are least subjected to extreme environmental conditions. Equipment standards such as the 
IEEE C37 family of standards and UL standards will define “standard conditions” and “special conditions” 
(IEEE Std C37.100.1™) for equipment environments. Whenever possible, equipment should be applied at 
standard conditions to optimize reliability and maintainability of equipment.
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A preventive-maintenance program is essential to detect deterioration, to make repairs, and to check and test 
relays, trip units, control systems, and circuit breaker performance before a fault occurs (see IEEE Std 3007.2™ 
[B16]). The dielectric properties of insulating materials can deteriorate over time, particularly if the equipment 
is subject to greater-than-standard temperatures or transient overvoltage conditions. Moving mechanical parts 
can become difficult to move because of a loss of lubricity in lubricants and bonds formed at joints, and 
electronic capacitors can lose capacitance over time. Proper maintenance is an integral part of equipment 
protection, safety, and optimization of capital investments. Proper implementation of safety practices such 
as those described in NFPA 70E, require that maintenance of electrical equipment be properly conducted 
following manufacturers’ instructions or generally accepted industry practices.

Modern protective relays, trip units, and control systems can measure, monitor, and calculate parameters 
important to implement condition-based maintenance. Modern electronic devices with appropriate 
communications capabilities can monitor each other as well as implement system-wide protection functions 
to facilitate system-wide maintenance and protection. In addition to proper maintenance, consideration should 
be given to including instrumentation and sensing devices or functions useful to diagnose power-system and 
equipment problems that might occur over the life of the equipment. Powerful multifunction digital meters, 
relays, and trip units are economical now. The ability to implement advanced digital communications within 
modern controls and protection devices allows remote control of equipment for greater safety and flexibility. 
Remote diagnostic capability allows experts located in remote locations to troubleshoot problems at the 
equipment regardless of physical location.

Regardless of the steps taken to avoid bus faults, such faults occasionally occur. High-speed protective 
relaying, direct acting protection (integral trip units), or appropriately rated fuses should be used to minimize 
fault duration. Rapid clearing times limit damage, minimize arc-flash energy, and mitigate the effects of short 
circuits on other parts of the power system. Providing proper bus protection requires a well-designed system. 
Each equipment assembly should be provided with a main protective device for each power source, either as 
an integral part of the assembly, or in a remote location, protecting the incoming line. In some cases, it might 
be advisable to install the main device in a dedicated and separate section to manually isolate the line-side bus 
from the source if adequate protection of the line-side bus cannot be obtained to sufficiently reduce arc-flash 
incident-energy values. If the main protective device is omitted in an assembly and provided by a remote 
line side overcurrent device, the installation may be acceptable if the device provides appropriate protection; 
however, the lack of a local disconnect may not be optimal for maintenance purposes. The main circuit breaker 
sometimes is omitted at the secondary of a power transformer when the secondary feeder breakers have ratings 
that adequately protect the transformer from overloading. This topology might reduce the effectiveness of 
secondary bus protection because the transformer reduces the sensitivity of the primary protection for 
secondary faults unless specific protection schemes are put in place to properly deal with the situation, like 
transformer differential that includes the secondary side bus within its zone of protection.

When power systems are grounded through a resistance or reactance to limit fault damage, the short-circuit 
current available to detect a ground fault is smaller and requires more sensitive protective relaying. A delta-wye 
transformer connection reflects a secondary ground fault current through two primary phase windings. The 
reduced value of current at the primary makes secondary ground fault currents in solidly grounded secondary 
transformers more difficult to detect. When the secondary of the transformer is impedance grounded, a 
secondary side ground fault may be indistinguishable from load for relays on the primary side and, hence, 
providing secondary side sensitive ground-fault relaying is important to initiate the opening of all sources that 
can feed the fault (see IEEE Std 242™-2001 (IEEE Buff Book™), Chapter 8 [B12]).1

When supplementary bus-differential protective relaying, zone-selective-interlocking (ZSI), or any other 
method is used to isolate bus faults, it is essential that the method operate only for bus and switchgear faults. 
False tripping on external faults is, generally, unacceptable.

1It should be noted that at the time of the writing of this standard, the IEEE Color Books are in the process of being replaced by the 
IEEE 3000 Series of standards. Hence a reference to a Color Book now may be better replaced by a reference to the appropriate 
IEEE 3000 Series dot standards by the reader when this standard is read. For a guide to the published IEEE 3000 Series dot standards, 
consult the IEEE published standards catalog.
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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).2,3

The word should indicates that among several possibilities one is recommended as particularly suitable, 
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily 
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals 
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can 
equals is able to).

2.  Normative references
The following referenced documents are indispensable for the application of this document (i.e., these 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.

CSA C22.1, Canadian Electrical Code.4

CSA Z462, Canadian Workplace Electrical Safety Standard.

IEEE Std 3001.5™, IEEE Recommended Practice for the Application of Power Distribution Apparatus in 
Industrial and Commercial Power Systems.5

IEEE Std 3004.1™, IEEE Recommended Practice for the Application of Instrument Transformers in Industrial 
and Commercial Power Systems.

IEEE Std 3004.5™, IEEE Recommended Practice for the Application of Low-Voltage Circuit Breakers in 
Industrial and Commercial Power Systems.

IEEE Std C37.2™, IEEE Standard Electrical Power System Device Function Numbers, Acronyms, and 
Contact Designations.6

IEEE Std C37.20.1™, IEEE Standard for Metal-Enclosed Low-Voltage (1000 Vac and below, 3200 Vdc and 
below) Power Circuit Breaker Switchgear.

IEEE Std C37.20.2™, IEEE Standard for Metal-Clad Switchgear.

IEEE Std C37.20.3™, IEEE Standard for Metal-Enclosed Interrupter Switchgear.

2The use of the word must is deprecated and shall not be used when stating mandatory requirements, must is used only to describe 
unavoidable situations.
3The use of will is deprecated and shall not be used when stating mandatory requirements, will is only used in statements of fact.
4CSA standards may be obtained from the Canadian Standards Association, http://​www​.csagroup​.org/​ In this document the CEC is 
equivalent to NFPA 70 for Canada and Z462 is equivalent to NFPA 70E for Canada.
5IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA 
(http://​standards​.ieee​.org/​).
6ANSI device numbers are used throughout this document to represent protective relays and control elements used in electrical power 
system diagrams. Some of the ones used in this document are: 50-Instantaneous Overcurrent Relay, 51-Time-Overcurrent Relay, 
52-Circuit Breaker, 86-Lockout Relay and 87-Differential Relay. Letters that follow the numbers such as B for bus, N for neutral, T for 
transformer and G for ground further identify the purpose of the device. IEEE Std C37.2 standardizes this nomenclature.
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IEEE Std C37.20.7™, IEEE Guide for Testing Metal-Enclosed Switchgear Rated Up to 52 kV for Internal 
Arcing Faults.

IEEE Std C37.100.1™, IEEE Standard of Common Requirements for High Voltage Power Switchgear Rated 
Above 1000 V.

IEEE Std C37.110™, IEEE Guide for the Application of Current Transformers Used for Protective Relaying 
Purposes.

IEEE Std C62.22™, IEEE Guide for the Application of Metal-Oxide Surge Arresters for Alternating-Current 
Systems.

IEEE Std 1584™, IEEE Guide for Performing Arc-Flash Hazard Calculations.

NFPA 70, National Electrical Code® (NEC®).7

NFPA 70E, Standard for Electrical Safety in the Workplace.

UL 1053, Ground-Fault Sensing and Relaying Equipment.8

3.  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.9

air core sensors: Also known as Rogowski coils. Specially designed air-core mutual inductor whose output 
voltage is proportional to the time-rate-of-change of current of the input (primary) current.

arc-flash incident energy: The amount of thermal energy impressed on a surface, a certain distance from 
the source, generated during an electrical arc event. Incident energy is measured in joules or calories per 
centimeter squared (J/cm2 or cal/cm2).10

bus: A portion of a switchgear, switchboard or distribution system that electrically interconnects several 
circuit breakers or switches and is protected as a separate entity from other network elements. It may also 
directly connect other elements such as grounding transformers, or a source transformer and the incoming 
compartment of distribution equipment.

current transformers (CTs): A current transformer (CT) transforms line current into current values suitable 
for standard protective relays and meters, while isolating these instruments from line voltages. A CT has two 
windings, designated as primary and secondary, that are insulated from each other. (See IEEE Std 3004.1-2013.)

high-impedance differential scheme: A differential method of bus protection using CTs paralleled on a high-
impedance load (a voltage or current relay in series with a stabilizing resistor). Throughout this text the symbol 
87B inside a circle is used to indicate a differential relay in drawings. (See IEEE Std C37.234-2009.)

high-voltage power distribution system: A power system with nominal voltage at or above 69 kV.

7NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, 
Quincy, MA 02269-9101, USA (http://​www​.nfpa​.org/​).
8UL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA (http://​
www​.global​.ihs​.com/​).
9IEEE Standards Dictionary Online is available at: http://​dictionary​.ieee​.org.
10How to calculate potential arc-flash incident energy is described in IEEE Std 1584™. The hazard this represents and implications for 
electrical safety are discussed in NFPA 70E.
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isolated bus (within equipment): Bus within distribution equipment where each phase conductor is separated 
from other phase conductors by insulating barriers.

low-impedance differential scheme: A differential method of bus protection using CTs separately connected 
to an electronic device that measures and vector sums the measured currents to determine differential restraint 
and operate currents. (See IEEE Std C37.234-2009.)

NOTE—Throughout this text, the symbol 87B inside a circle is used to indicate a differential relay in drawings.

low-voltage power distribution system: A power distribution system with nominal voltage of 1 kV or less.

medium-voltage power distribution system: A power distribution system with nominal voltage between 
1001 V and 69 kV, inclusive. Traditionally in North America, medium voltage was limited to 38 kV but 
equipment standards have evolved to match IEC practices; hence, MV equipment standards include 52 kV 
today.

zone of protection: Divisions of protection that are logical subsections of the protection system used to isolate 
faulted section, i.e., generators, transformers, buses, transmission lines, distribution lines or cable circuits, and 
motor circuits.

NOTE—In LV and MV systems, zones may be classified as primary or backup, differential or overcurrent. Differential 
zones of protection are bounded by the sensing used in the differential protection scheme. Overcurrent zones of protections 
are bounded by the overcurrent protection device at the supply side of protected zone.

zone selective interlocking (ZSI): A method used to improve the response of protective devices in the event 
of a fault by allowing line-side devices to react faster to faults within their zone while maintaining selectivity 
for faults that occur within the zone of the load-side device. ZSI utilizes a signal between a load-side 
overcurrent protective device and a line-side protective device to indicate that the load-side device has sensed 
and is reacting to an overcurrent condition. The signal is used by a line-side device to alter a corresponding 
protective characteristic to a slower response to allow the load-side device to clear the fault without sacrificing 
selectivity. (See IEEE Std 1683™-2014.)

4.  Types of buses and arrangements

4.1  Construction types

There are two major types of bus: exposed and enclosed. Exposed bus is used almost exclusively in outdoor 
substations above 1 kV. Indoor switchboards and switchgear always have enclosed bus. Bus connecting 
between equipment is typically also enclosed, except in some utility vaults.

Within equipment bus protection conforms to the equipment definitions of metal-enclosed and metal-clad 
type equipment construction. In metal-enclosed equipment, the bus may be exposed when the external panels 
are removed. In metal-clad switchgear, the bus is protected within an interior grounded metal compartment. 
Metal-clad switchgear construction is defined by IEEE  Std  C37.20.2. Metal-enclosed is defined by 
IEEE Std C37.20.1 for equipment rated 1 kV or less and by IEEE Std C37.20.3 for equipment rated above 1 
kV. UL 891 defines bus systems for switchboards rated 1000 V ac and less. Bus may also have insulation of 
various types applied which may provide additional electrical protection.

When determining what is appropriate protection for a bus system, it is important to understand the level and 
quality of the protection that bus receives. Metal barriers that isolate a bus from one compartment to another 
can be expected to provide some level of protection from unintended contact. Insulation can be expected to 
improve the dielectric reliability of the system. However, the environment, application, quality, and amount of 
maintenance are also concerning, regardless of the bus housing and degree or quality of insulation.
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The equipment bus may have many different arrangements depending on the requirements for continuity of 
service for the bus and essential feeders supplied from the bus. Within any one line up of equipment there 
could be one or more buses. The most common arrangements are single bus radial systems with or without 
main devices and double ended line ups with two sources, a tie, and with mains for each source. Other more 
complex arrangements with dual ties in series or more than two sources are also possible. In the interest of 
reliability, a system designer may decide to implement a system with multiple sources in multiple enclosures 
with tie bus separately housed to connect the equipment where the bus associated with each source is located. 
This kind of arrangement lends itself well to dual ties. When a system is divided into multiple individual line 
ups of equipment with tie bus in between them, consideration should be given to the protection of the longer tie 
bus which may be more exposed than a short length of tie bus within a single piece of equipment with multiple 
sources. IEEE Std C37.234-2009 describes various bus schemes and associated protection zones used in MV 
and HV systems. The methods of protecting substation buses and switchgear might vary depending on voltage, 
arrangement of the buses, economic considerations, and other practical considerations.

4.2  Voltage ranges

North American industrial power system voltages fall into three categories:

—	 Greater than 52 kV

—	 Above 1 kV to 52 kV (in the past 38 kV instead of 52 kV was the MV to HV transition value)

—	 Equal to or less than 1 kV

Industrial and commercial power distribution systems may include buses at 52 kV and less. Modern large 
industrial complexes, however, may include distribution, sub-transmission, or transmission substation buses 
at a higher voltage level. IEEE Std C37.234 discusses power bus configurations and associated protection 
schemes for HV arrangements. Also, other IEEE standards address specific configurations where necessary. 
Examples of such configuration for interconnections between an industrial facility and its supply utility are 
also given in numerous references (e.g., Beckmann, et al. [B3]).

5.  Zones of protection
It is critical to ensure the reliability of the protection systems including:

—	 Dependability: The system must operate when there is a fault (identify fault location and isolate the 
faulted part of the system), and

—	 Security and selectivity: Only the faulted power system zone is isolated, and the remainder of the 
power system continues its normal operations.

Zones may have defined demarcation (e.g., transformer differential protection). Protection may be defined 
as primary and back up protection as established by time-current coordination (overcurrent thresholds) or 
other protection methods. Zones of protection can be identified by the sensor locations that define the zone 
within which a fault might be detected, or by the controlled switching elements that can clear the fault once it 
is detected. When multiple sensors are used for the various types of protection, proper location of the sensors 
can ensure that blind spots are minimized. When using the same sensor for multiple functions or using sensors 
located within the switching devices (such as in LV circuit breakers), it is important to understand that blind 
spots might be created and these need to be assessed. If multiple sensors are used and they can be dedicated to 
different protective functions and zones, then the systems designer should strive to achieve overlapping zones 
of protection that eliminate blind spots. However, excessive overlap can negatively impact system reliability 
as well.
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Figure 1 shows a simple radial substation with a single source. In this example, differential protection is 
applied using dedicated CTs that are arranged so that the differential-protection zone and overcurrent-
protection overlap, and the entire bus is protected. Figure 2 shows the same substation bus protection, but only 
one set of CTs is used. Here, there is no overlap. However, for a simple topology in medium and low voltage, 
protection is provided by either scheme. In a system with networked sources, CT location can create short 
spots that are outside of the faster protection zone, or that are inside multiple protection zones, and can cause 
mal-operation of the protection system. For a more thorough discussion of network applications, see 5.1 of 
IEEE Std C37.234-2009.

Figure 1—Simple single-source radial substation

Figure 2—Simple single-source radial substation using one set of CTs
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