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Abstract: Current available devices that are being used in secondary network systems protections
schemes are covered in this guide. These devices act to sense the fault and initiate fault interruption
locally or remotely, thereby minimizing damage and restoration time.

Keywords: IEEE C37.108, master relay, network limiter, network protector, network relays, network
transformers, spot networks
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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.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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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
and Interests area of the [IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

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

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
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 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 IEEE
SA Website at https://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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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 C37.108-2021, IEEE Guide for Protection of Secondary Network Systems.

This guide is intended to aid in the effective application of relays and other devices for the protection of power
transformers in network transformer vaults. This is a revision to the 2002 guide. An emphasis added on the
protection of secondary network systems as opposed to just network transformer only in this 2021 revision.
Several updates in regard to IEEE new style/word usage are applied. Normative references (adding new
relevant available standards) and definitions are updated. The order and main content of most of the clauses
remain the same but modernized to current technology. Clarifications are added where needed in the figures
and annexes. Removals of copy of paragraph from different IEEE documents are done. Instead, we refer to
where this topic can be found as a reference. Lastly, sections that are not in the scope of the guide have been
removed (SCADA and Distributed Source Generation).

Network distribution systems differ from radial distribution systems due to several factors. These factors
include: high-fault currents on the low-voltage side of the transformers, possible frequent operation of network
protectors, varying practices of providing dedicated high-voltage transformer protection, confined spaces,
backfeed issues, and proximity to dense public populations in city streets and office buildings.

Protection techniques presented in this guide will help minimize the effects and damage caused by network
faults. Important issues covered in other appropriate publications include the following items:

a) It is important that vault and equipment design, construction, operation, and maintenance conform
to applicable standards and regulations, including company, municipal, state, and country operating
rules.

b)  Always use manufacturers’ recommended operating and maintenance procedures.
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IEEE Guide for the-Protection of

Secondary Network Systems Fransformers

1. Overview

1.1 Scope

This guide covers devices that are being used in secondary network systems protection schemes.

These devices act to sense the fault and initiate fault interruption locally or remotely, thereby

reducing damage and restoration time.

1.2 Purpose

This guide is intended to aid engineers who design protection of secondary network systems.

1.3 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 1&0).1'2

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

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

causal (can equals is able to).

1The use of the word must is deprecated and cannot be used when stating mandatory requirements, nust is used only to describe

unavoidable situations.

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

Network transformer vaults are fire retardant enclosures normally within or adjacent to buildings or
underneath streets and alleys. They typically contain two or more power transformers. These
transformers are supplied from different subtransmission or distribution lines and are paralleled on
their low-voltage side through circuit interrupting devices called network protectors. Typically, high-
voltage current-interrupting devices have not been applied within the network vault. The low-
voltage bus of a network vault may be electrically tied to a number of other vaults to form a network
secondary distribution system, which will be called a grid few—weHage network-g#i in this guide, or
each individual vault may stand alone as a spot network. A one-transformer vault can be considered a

network vault if connected to other such vaults via low-voltage cables.

Low voltage in this guide implies 600 V or less, and high voltage implies 2400 V_through +e 34 500 V.
Typical low voltages are 208Y/120 V, 480Y/277 V, and 600Y/347 V. A typical high voltage is 12 500 V.

Low-voltage network systems have been used since the 1920s as a method of providing a highly
reliable source of electrical power to densely populated commercial areas, such as office buildings.
Equipment protection within the network vaults is typically limited. Historically, users have
depended upon the physical design of the vault to limit the risks of fault damage for faults within
the vault. They have relied upon remote detection and interruption for transformer faults and low-
voltage devices, such as transformer fuse links and low-voltage cable limiters, to provide a measure

of low-voltage bus fault protection.

This guide is intended to aid-these engineers who have reevaluated problems associated with faults
within network vaults, particularly for #kese—network vaults located within or near high-rise
buildings. It-wil also identifies identify currently available devices that are being used in secondary
network transformer protection schemes. These devices—sheuld act to sense the fault and initiate
fault interruption locally or remotely, thereby minimizing damage and restoration time. These

devices are will-be described as to their fault detecting capabilities.
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Several annexes are included with this guide. Annex A describes network protector response for
high-voltage feeder faults. An example utilizing a number of protective schemes is presented in
Annex B. Annex C addresses other concepts that are currently being investigated. Annex E B
provides bibliographic references, such as IEEE® Conference papers and IEEE Transaction papers,

e.g., Anderson [Bl].3 Annex D provides historical information. 2

2. Normative References

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

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

3 2The numbers in brackets correspond to those of the bibliography in Annex E B.

4 3The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P-O-—Bex133%-Piscataway, NJ
08854 088551331, USA (https http://standards.ieee.org/).
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IEEE Std 80™,-2000; IEEE Guide for Safety in AC Substation Grounding.5'6

IEEE Std 142™ (IEEE Green Book™),=+99%; IEEE Recommended Practice for Grounding of Industrial

and Commercial Power Systems -EEE-GreenBook M-

IEEE Std 242™ (IEEE Buff Book™), 2001 IEEE Recommended Practice for Protection and
Coordination of Industrial and Commercial Power Systems,FEEEBuffBook™.

IEEE Std C37.2™,1996; IEEE Standard Electrical Power System Device Function Numbers and

Contact Designations.

IEEE Std C37.16™, TEEE Standard for Preferred Ratings, Related Requirements, and Application

Recommendations for Low-Voltage AC (635 V _and below) and DC (3200 V _and below) Power

Circuit Breakers.”

STEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P-O—Bex—1331;
Piscataway, NJ 08854 088551331, USA (https http://standards.ieee.org)).

6The IEEE standards or products referred to in this clause-2 are trademarks of the Institute of Electrical and Electronics Engineers,

Inc.

71EEE Std C37.16 has been superceded. There is a working group working on a new version: LVSD WG C37.16.
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IEEE Std C37.60™-198% (Reaff 1992), IEEE/IEC High-voltage switchgear and control gear—Part 111:
Standard Requirementsfor Overhead Pad Mounted Pry Vaultand Submersible Automatic Circuit

Reclosers and Fault Interrupters for alternating current systems up to 38 kV AC-Systems.

IEEE Std C37.91™,-2000; IEEE Guide for Protective Relay Applications to Power Transformers.
IEEE Std C57.12.44™,-2000; IEEE Standard Requirements for Secondary Network Protectors.

IEEE Std C57.109™,4993; IEEE Guide for Transformers Through-Fault-Current Duration. NFPA 70-

13999, National Electrical Code®(NEC®).§ 7
3. Definitions

For the purposes of this document, The following terms and definitions apply. are—found-in—The

AuthoritativeDietionariy-of IEEE Standards Dictionary Terns—Seventh Edition{B9}-and-mayaid-inthe
. y i de.

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

grid network: A secondary network system with geographically separated network units (NUs) and

the network-side terminals of the network protectors (NPs) interconnected by low-voltage cables

that span the distance between sites. The low-voltage cable circuits of the grid networks are typically

supplied by numerous NUs. A grid network is also referred to as an area network or a street

network.

microprocessor relay: A relay in which the designed response is developed by using one or more

MmMicroprocessors.

8The NEC is published by the National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169 62269, USA (https
http:// www.nfpa.org/). Copies are also available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P-O-Bex
133%-Piscataway, NJ 08854 08855-133%, USA (http://standards.ieee.org/).

9IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE account is required for access to the dictionary

and one can be created at no charge on the dictionary sign-in page.
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network feeder: A feeder that supplies energy to a network.

network limiter: An enclosed fuse for disconnecting a faulted cable from a low-voltage network
distribution system and for protecting the unfaulted portions of that cable against serious thermal

damage.

network master relay: A relay that functions as a protective relay by opening a network protector
when power is backfed into the supply system and as a programming relay by closing the protector
in conjunction with the network phasing relay when polyphase voltage phasors are within

prescribed limits.

network phase relay: A monitoring relay that has as its function to limit the operation of a network
master relay so the network protector may close only when the voltages on the two sides of the

protector are in a predetermined phasor relationship.

network protector:—(pewer—and—distribution—transfermers): An assembly comprising a circuit

breaker and its complete control equipment for automatically disconnecting a transformer from a
secondary network in response to predetermined electrical conditions on the primary feeder or
transformer, and for connecting a transformer to a secondary network either through manual
control or automatic control responsive to predetermined electrical conditions on the feeder and the

secondary network.

network protector fuse: A backup device for the network protector.

network secondary distribution system: An ac power A-system—of-alternating-eurrent-distribution

system in which customers are served from three-phase, four-wire low-voltage circuits supplied by

two or more network thesecondaries-ofthe-distribution-transformers whose low-voltage terminals

are connected to the low-voltage circuits through a-cemmonnetworkforsupplyinglightand-power
direetlyto-consumers—serviees network protectors.

network transformer{(pewer-and-distribution-transfermers): A transformer designed for use in a

vault to feed a variable capacity system of interconnected secondaries.
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network tripping and reclosing equipment: A piece of equipment that automatically connects its
associated power transformer to an ac network when conditions are such that the transformer, when
connected, will supply power to the network and automatically disconnects the transformer from

the network when power flows from the network to the transformer.

spot network: A small network, usually at one location, consisting of two or more primary feeders,

with network units and one or more load service connections.

spot-network type: A unit substation, which has two step-down transformers, each connected to an
incoming high-voltage circuit. The outgoing side of each transformer is connected to a common bus
through circuit breakers equipped with relays that are arranged to trip the circuit breaker on reverse
power flow to the transformer and to reclose the circuit breaker upon the restoration of the correct

voltage, phase angle, and phase sequence at the transformer secondary.

vault: A structurally solid enclosure above or below ground with access limited to personnel

qualified to install, maintain, operate, or inspect the equipment or cable enclosed.

vault-type transformer (power and distribution transformers): A transformer that is constructed so
as to be suitable for occasional submerged operation in water under specified conditions of time and

external pressure.
4. General background

The physical and electrical characteristics of network transformer vaults have evolved over time, as
have the characteristics of the load that they serve. This clause gives a brief description of this
evolution. The application considerations of grid versus spot-network vaults and of 208Y/120 V

versus 480Y/277 V secondaries are also discussed.
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4.1 Network development

Figure 1 illustrates a typical network system. Many present-day network systems are installed
without network transformer high-side switches. The primary distribution substation bus may have
several bus tie or sectionalizing breakers in order to help ensure #sure a reliable supply to the
network. The bus tie breakers are normally closed; but may be opened when there is an adequate
source to each bus section to avoid voltage differences between bus sections. A difference in bus

voltage magnitude or angle may unload some feeders and cause network protectors to open.

4.2 Application considerations of adding protection to spot-network

vaults versus grid-network vaults

As noted in Annex D eazlier, the first network vault installations were operated primarily at
208Y/120 V and were connected to other vaults on the low-voltage side. These vaults were generally
located below grade and external from buildings, e.g. fer-example, underneath sidewalks in business
districts. Historical evidence indicates that 208Y/120 V faults in these vaults were generally self-
clearing. That is, faults were contained within the vault enclosure and the locations of the vaults
were sufficiently isolated from buildings to allow for the fault to continue until enough conductive

material melted, thereby extinguishing the fault-generated arc without damaging the buildings.
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Figure 1—Typical network system
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