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Abstract: This standard applies to devices used for the purpose of controlling the ground current 
or the potentials to ground of an alternating current system. These devices are: grounding 
transformers, ground-fault neutralizers, resistors, reactors, or combinations of these. 
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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 Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

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. 
Volunteers 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 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. 

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. 
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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, 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 U.S. and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the 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 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. 
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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 ten years. When a document is more than ten 
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although 
still of 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-SA Website at 
http://ieeexplore.ieee.org/Xplore/home.jsp 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 C57.32-2015, IEEE Standard for Requirements, Terminology, and Test 
Procedures for Neutral Grounding Devices. 

Historically this standard developed from AIEE Standard 32, 1947. The standard was substantially revised 
to become IEEE Std 32™ in 1972 and was reaffirmed in 1978, 1984, and 1990. 

This standard is a revision of IEEE Std 32-1972, to which many changes have been made. The Standard 32 
was originally developed by the Neutral Grounding Subcommittee of the Surge Protective Devices 
Committee of the IEEE Power Engineering Society. In 2003, the responsibility for upkeep and maintenance 
of this standard was transferred to the Performance Characteristics Subcommittee of the Transformers 
Committee of the IEEE Power and Energy Society. 

This version is being published under a new number, C57.32, and has been completely revised to bring it in 
line with the current technology. Each grounding device now has its own section with all requirements and 
test methods included. Old test methods that were developed in the 1930s and 1940s have lost their 
relevance over time. Conservative calculation methods were lost in history and did not correlate to modern 
practices. To maintain a link to the old methods for now, Annex A is a copy of the old test code and is 
provided solely for reference purposes.  

Note that capacitors have been removed from this standard. They had traditionally been used on occasion 
for front of wave surges. They are rarely used today. The use of capacitors has evolved into blocking 
devices in the neutral of transformers to block Geomagnetically Induced Currents (GIC) from Geomagnetic 
Disturbances (GMD). The IEEE Capacitor Subcommittee of the Transmission and Distribution Committee 
of PES has a task force that is handling this topic. 
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IEEE Standard for Requirements, 
Terminology, and Test Procedures for 
Neutral Grounding Devices 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health, 
or environmental protection, or ensure against interference with or from other devices or networks. 
Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This standard applies to devices used for the purpose of controlling the ground current or the potentials to 
ground of an alternating current system. These devices are: grounding transformers, ground-fault 
neutralizers, resistors, reactors, or combinations of these devices. 

1.2 General considerations 

The voltage, current, and insulation ratings for such devices shall consider their operation during normal 
and faulted system conditions. See also the IEEE C62.92™ series of guides [B29], [B30], [B31], [B32], 
and [B33] for additional information.1,2,3 

                                                 
1 IEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).   
2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
3 The numbers in brackets correspond to those of the bibliography in Annex B. 
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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, 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. 

Accredited Standards Committee C2-2012, National Electrical Safety Code® (NESC®).4 

ANSI/NEMA C29.8, Wet-Process Porcelain Insulators—Apparatus, Cap and Pin Type.5 

ANSI/NEMA C29.9, Wet Process Porcelain Insulators—Apparatus, Post Type. 

ANSI/NEMA C29.10, Wet Process Porcelain Insulators—Indoor Apparatus Type. 

ASTM D1816, Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids Using VDE 
Electrodes.6 

IEC 60076-5, Power Transformers—Part 5: Ability to withstand short-circuit, Edition 3.0, 2006-02.7 

IEC 60076-6, Power Transformers—Part 6: Reactors, Edition 1.0, 2007-12. 

IEEE Std 1™, IEEE Recommended Practice-General Principles for Temperature Limits in the Rating of 
Electrical Equipment and for the Evaluation of Electrical Insulation. 

IEEE Std 693™, IEEE Recommended Practices for Seismic Design of Substations. 

IEEE Std C37.30.1™, IEEE Standard Requirements for AC High-Voltage Air Switches Rated Above 
1000 V. 

IEEE Std C57.12.00™, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, 
and Regulating Transformers. 

IEEE Std C57.12.90™, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and 
Regulating Transformers. 

IEEE Std C57.12.91™, IEEE Standard Test Code for Dry-type Distribution and Power Transformers. 

IEEE Std C57.16™, IEEE Standard for Requirements, Terminology, and Test Code for Dry-Type Air-Core 
Series-Connected Reactors. 

IEEE Std C57.19.00™, IEEE Standard General Requirements and Test Procedures for Apparatus Bushings. 

IEEE Std C57.19.01™, IEEE Standard Performance Characteristics and Dimensions for Outdoor 
Apparatus Bushings. 

IEEE Std C57.91™, IEEE Guide for Loading Mineral Oil-Immersed Transformers and Step-Voltage 
Regulators. 

                                                 
4 The NESC is available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 08854, USA 
(http://standards.ieee.org/). 
5 ANSI/NEMA publications are available from the National Electrical Manufacturers Association (http://www.nema.org). 
6 ASTM publications are available from the American Society for Testing and Materials (http://www.astm.org). 
7 IEC publications are available from the International Electrotechnical Commission (http://www.iec.ch). IEC publications are also 
available in the United States from the American National Standards Institute (http://www.ansi.org). 
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IEEE Std C57.96™, IEEE Guide for Loading Dry-Type Distribution and Power Transformers. 

IEEE Std C57.106™, IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment. 

IEEE Std C57.110™, IEEE Recommended Practice for Establishing Liquid-Filled and Dry-Type Power 
and Distribution Transformer Capability When Supplying Nonsinusoidal Load Currents. 

IEEE Std C57.111™, IEEE Guide for Acceptance of Silicone Insulating Fluid and Its Maintenance in 
Transformers. 

IEEE Std C57.121™, IEEE Guide for Acceptance and Maintenance of Less Flammable Hydrocarbon Fluid 
in Transformers. 

IEEE Std C57.147™, IEEE Guide for Acceptance and Maintenance of Natural Ester Fluids in 
Transformers. 

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.8 

acceptance test: A test to demonstrate the degree of compliance of a device with purchaser’s requirements. 

extended-time rating (of a grounding device): A rated time in which the period of time is greater than the 
time required for the temperature rise to become constant but is limited to a specified average number of 
days operation per year. 

ground current: The current flowing in the earth or in a grounding connection. 

ground end (of a neutral grounding device): The end or terminal that is grounded directly or through 
another device. 

ground-fault neutralizer: An electromagnetic device grounded through such values of reactance that, 
during a fault between one of the phases of the power system and earth, the rated-frequency current flowing 
in the grounding reactances and the rated-frequency capacitance current moving between the unfaulted 
phases and earth are substantially equal. Syn: arc-suppression reactor. 

grounded circuit: A circuit in which one conductor or point (usually the neutral conductor or neutral point 
of transformer or generator windings) is intentionally grounded, either solidly or through a grounding 
device. 

grounding transformer: A transformer intended primarily to provide a neutral point for grounding 
purposes. Syn: neutral grounding transformer. 

insulating materials, thermal classification: For the purpose of establishing temperature limits, insulating 
materials should be classified as described in the latest revision of IEEE Std C57.12.80™. 

NOTE—For information on IEEE Std C57.12.80 [B26], please see Annex B. 

iron-core: Having a magnetic core. 

                                                 
8IEEE Standards Dictionary Online subscription is available at: http://ieeexplore.ieee.org/xpls/dictionary.jsp. 
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losses (of a grounding device): The I2R loss in the windings, core loss (where applicable), dielectric loss, 
loss due to stray magnetic fluxes in windings and other metallic parts of the device, and, in cases involving 
parallel windings, losses due to circulating currents. The losses as here defined do not include any losses 
produced by the device in adjacent apparatus or materials not a part of the device. Losses will normally be 
considered at the rated continuous current, but in some cases may be required at other current ratings (if 
more than one rating is specified) or at no load, as for grounding transformers.  

neutral grounding wave trap: A neutral grounding device comprising a combination of inductance and 
capacitance designed to offer a very high impedance to a specified frequency or frequencies. The 
inductances used in neutral grounding wave traps should meet the same requirements as neutral grounding 
reactors. 

outdoor: Equipment with weatherproof construction suitable for operation in specified exposed 
environment. 

reactor (neutral grounding): A single-phase reactor for connection in the neutral for the purpose of 
limiting and neutralizing disturbances due to ground faults. 

resonant grounded: A resonant grounded system is one in which the capacitance current is tuned or 
neutralized by a neutral reactor or similar device. 

short-time rating (of a grounding device): A rated time of ten minutes or less. 

4. Grounding reactors  

4.1 General description 

All parts of dry-type air-core neutral grounding reactors are “live,” unlike liquid-immersed reactors and 
transformers where the tank is grounded. The only external “live” parts of a liquid-immersed reactor or 
transformer are the bushings. 

Dry-type air-core neutral grounding reactors do not have an iron core. Therefore, the magnetic field is not 
constrained and will occupy the space around the dry-type air-core reactor. Although the magnetic field 
reduces in strength with increase in distance from the reactor, the presence of this field should be taken into 
consideration for the installation of dry-type air-core units. The extent to which care has to be taken is 
largely a function of the continuous kVA rating and is lower for low kVA units. Since neutral grounding 
reactors usually have small continuous current ratings, magnetic clearances are normally smaller than 
electrical clearances.  

In 4.2, 4.3, 4.4, and 4.5, applications related construction details and installation considerations will be 
discussed in order to provide guidance to the purchaser of dry-type air-core neutral grounding reactors. 

4.2 Safety 

Since dry-type air-core neutral grounding reactors are not enclosed in a grounded tank, parts above the base 
support insulators must be treated as “live.” Therefore, in order to help meet personnel safety requirements, 
the reactor shall be installed with clearances established by National Electrical Safety Code® (NESC®) 
(Accredited Standards Committee C2-2012).9 For transmission voltage class and distribution voltage class 

                                                 
9 Information on normative references can be found in Clause 2. 
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equipment, standard methods of improving personnel clearance are the use of fencing and special support 
structures. In many cases, both methods are employed simultaneously. Distribution voltage class neutral 
grounding reactors are also installed in cells fabricated from standard building materials or vendor supplied 
enclosures. 

4.3 Clearances: electrical, ventilation, and magnetic 

The clearance requirements are of three types: electrical, ventilation, and magnetic. 

As the normal dry-type air-core neutral grounding reactor has exposed live parts at essentially all points on 
its outer surface, provision must be made for electrical clearance from the reactor surface to nearby 
grounded surfaces and to other adjacent energized conductors. Standard electrical clearances to live parts 
are adequate. No special precautions over and above normal substation practices are required. 

Ventilation clearance requirements may vary somewhat depending on the reactor manufacturer. For 
instance, in the case of reactors employing vertical cooling ducts, provision must be made for the 
unimpeded entrance and exit of cooling air at the bottom and top of the cooling ducts, respectively. In some 
cases baffles are required for establishing sufficient cooling convection through the reactor ducts during 
conditions of consistent crosswinds. Generally, the ventilation clearance will be less than the magnetic 
clearance requirements and, as such, it will not prove to be a limiting factor when installing the unit. 
Irrespective of this fact, it is still important to recognize that there is a requirement for sufficient ventilation 
and the blockage of the cooling ducts with any foreign material, metallic or non-metallic, or interference 
with normal convective airflow must be avoided. 

Magnetic clearance requirements arise since dry-type air-core reactors have no iron core to capture the 
magnetic field. However, since continuous kVA ratings and hence continuous stray magnetic fields of 
neutral grounding reactors are relatively small, electrical clearances are usually greater than magnetic 
clearances. Nevertheless, during conditions when reactors carry thermal and mechanical peak currents, 
induced forces in large metallic objects or closed electrical loops near the reactors should be evaluated. 
Information regarding recommended magnetic clearances can usually be obtained from the equipment 
manufacturer and is often supplied on reactor outline drawings. 

Neutral grounding reactors may also be mounted directly on transformer tanks. In this case, possible 
elevated ambient temperatures and the magnetic clearance required to the transformer tank need to be taken 
into consideration in the reactor design. Therefore, it is important that the reactor specification includes 
details regarding the reactor mounting site on the transformer tank, tank dimensions, and expected ambient 
temperature range at the location where the reactor is to be installed. 

4.4 Mechanical considerations 

Depending on the scope of supply, special attention should be given, by either the manufacturer or 
purchaser, to the interactive electromagnetic forces between the reactor and current carrying auxiliary parts 
(such as buswork) and between the reactor and bus or cable connections to the reactor. Support structure 
and bracing elements must be designed to resist the resultant loads.  

As standard practice, unless otherwise specified, peak wind loads and seismic loads or other specified 
loading are typically assumed to act on a non-coincidental basis.  

Reactors should be designed to facilitate lifting and should be provided with lifting eyes or similar devices 
to allow safe and rapid installation. Lifting and handling instructions should be clear and readily available. 
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4.5 Concrete foundation and mounting 

Foundation and mounting requirements are a function of the rating (hence the mass of the reactor) and the 
dimensions of the supporting structure. To design the foundation, the design engineer will need the anchor 
bolt layout and an overall outline showing device dimensions and the centers of gravity. The foundation 
must consider wind, ice, and seismic loading along with the specific soil conditions. Most neutral 
grounding reactors can be mounted with no special precautions other than clearance considerations. 

4.6 Service conditions 

Service conditions shall be in accordance with 4.1 of IEEE Std C57.16-2011. 

4.7 Basis for rating 

4.7.1 Conditions 

Ratings for neutral grounding reactors are based on standard operating conditions and shall include the 
following: 

a) Service (indoor or outdoor) 

b) Current 

c) Voltage 

d) Frequency 

e) Time 

f) Basic impulse insulation level (BIL) and insulation class 

g) Circuit voltage of system 

4.7.2 Rated current 

4.7.2.1 Rated thermal current 

Unless otherwise specified, the basis for this rating shall be the thermal current. This will be the current 
through the neutral grounding reactor during a worst-case ground-fault condition. 

Implicit in the thermal current rating is an associated continuous current that, unless otherwise specified, 
shall bear the following relationship to the thermal current rating as shown in Table 1. 
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Table 1—Continuous duty in percent of thermal current rating for neutral grounding 
reactors 

Rated time Continuous duty in percent of 
thermal current rating (%) 

10 s 3 

1 min 7 

10 min 30 

Extended time 30 

 

Where there is a third harmonic component of current, it shall not exceed 15% of the rated continuous duty 
current (see IEEE Std C57.110). 

4.7.2.2 Short-circuit current—asymmetrical 

Neutral grounding reactors shall be able to withstand, without mechanical failure, forces associated with 
the asymmetrical peak current. This peak current shall be determined from Equation (1): 

C TI KI=  (1) 

where 

Ic is the crest of the initial offset current, peak asymmetrical 
K is the appropriate multiplier obtained from Table 2 or calculated with Equation (2) 
IT is the thermal current rating, rms symmetrical 
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where 

ϕ is the arc tan (x/r), (radians) 
e is the base of natural logarithm 
x/r is the ratio of ohms reactance to ohms resistance in the system when the short-circuit occurs 

 

When sequence impedances for the system are not specified, the ratio x/r shall be taken to be the ratio of 
ohms reactance to ohms resistance in the winding of the neutral grounding reactor through which the 
current flows. When the system to which the neutral grounding reactor is connected has an x/r ratio at that 
point which is greater than 10, the ohmic values of sequence impedances should be specified. When 
specified, the manufacturer shall combine them with the X and R of the neutral grounding reactor to 
determine the value of K to be used in calculating Ic.  

When neutral grounding reactors are located on or near generator or motor buses, sub-transient impedances 
shall be utilized in calculating system x/r ratios.  
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K can be calculated using Equation (2); however, it is important to note that the expression for K is an 
approximation. The tabulated values for K given in Table 2 are calculated from this approximation and are 
accurate to within 0.7% of the values calculated by exact methods. 

Table 2—Values of K for Equation (2) for neutral grounding reactors 

r/x x/r K 

0.001 1000.00 2.824 
0.002 500.00 2.820 
0.003 333.00 2.815 
0.004 250.00 2.811 
0.005 200.00 2.806 
0.006 167.00 2.802 
0.007 143.00 2.798 
0.008 125.00 2.793 
0.009 111.00 2.789 
0.010 100.00 2.785 
0.020 50.00 2.743 
0.030 33.30 2.702 
0.040 25.00 2.662 
0.050 20.00 2.624 
0.060 16.70 2.588 
0.070 14.30 2.552 
0.080 12.50 2.518 
0.090 11.10 2.484 
0.100 10.00 2.452 
0.200 5.00 2.184 
0.300 3.33 1.990 
0.400 2.50 1.849 
0.500 2.00 1.746 
0.600 1.67 1.669 
0.700 1.43 1.611 
0.800 1.25 1.568 
0.900 1.11 1.534 
1.000 1.00 1.509 

 

4.7.2.3 Maximum mechanical stress of neutral grounding reactors for short-circuit 
conditions 

For determination of maximum mechanical stresses, the initial thermal current shall be assumed to be 
offset. In a system with zero damping the maximum crest value of the short-circuit current is two times the 
crest value of the rms symmetrical thermal current. However, in reality the value is lower due to system 
damping effects. 

The first cycle asymmetrical peak current that the reactor is required to withstand shall be specified by the 
purchaser or based on knowledge of system damping, and can be determined as described in 4.7.2.2. If not 
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specified by the purchaser, the maximum asymmetrical crest value of short-circuit current should be 
considered to be 2.55 times the rms symmetrical current. The 2.55 value for the asymmetry factor K is 
based on a dc offset of 1.8 versus the theoretical maximum value of 2.0, i.e., 55.228.1 =×=K . 

4.7.3 Rated voltage 

The rated voltage shall be taken as the product of the rated thermal current and the impedance of the neutral 
grounding reactor at rated frequency and at 30 °C. 

A neutral grounding reactor consisting of tapped sections or sections connected in series may have a rated 
voltage for each section determined from the impedance and the rated thermal current of the section as 
above. 

4.7.4 Rated frequency 

The rated frequency shall be the fundamental power frequency. 

4.7.5 Rated time 

Rated time for the duration of the rated thermal current shall be 10 seconds, 1 minute, 10 minutes, extended 
time, or another duration as specified. Extended-time operation shall not exceed an average of 90 days per 
year. 

4.8 Insulation levels 

4.8.1 Insulation classes 

All apparatus covered by this standard shall be assigned basic impulse insulation levels (BIL) and/or 
insulation class designations. 
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Table 3—Insulation classes for neutral grounding reactors 

Insulation class 

System insulation classa 
(kV) Fault voltage criteriab 

Class 
Column 1 

kV kV 
Column 2 Column 3 

1.2 1.2 1.2 
2.5 2.5 2.5 
5.0 5.0 5.0 
8.7 8.7 8.7 
15.0 8.7 8.7 
23.0 15.0 8.7 
34.5 25.0 8.7 
46.0 34.5 15.0 
69.0 46.0 15.0 

115.0 69.0 15.0 
138.0 92.0 15.0 
161.0 92.0 15.0 
230.0 138.0 15.0 

NOTE 1— Once the insulation class value has been determined, the same value of rated system voltage can be 
identified in Table 4. From this table the appropriate dielectric test voltages can be chosen.10 

NOTE 2— For system voltages above 230 kV, fault voltage criteria have not been established for determining 
appropriate reduced insulation classes. 

aWhere the insulation class for the terminal of a reactor is specified to be the system insulation class, the nominal 
system insulation level shall apply except that reduced BIL may be used where appropriate. 
bWhen the fault voltage criterion applies, the maximum rms voltage that may exist between the terminal and ground, 
under fault conditions, is determined. If this fault voltage is less than or equal to the value in Column 2 but is greater 
than the value in Column 3 corresponding to the system insulation class in Column 1, the system insulation class at the 
terminal in question shall be the value in Column 2. If the fault voltage is less than or equal to the value in Column 3, 
the system insulation class at the terminal in question shall be the value in Column 3. If the fault voltage exceeds the 
value in Column 2 the system insulation class at the terminal in question shall be the value in Column 1. 

 

The line end and ground end insulation levels shall be selected from Table 3 on the basis of fault voltage 
criteria, Column 2 and Column 3. 

Insulation levels for dry-type air core neutral grounding reactors are provided in Table 4. The nominal 
system voltage values in Table 4 are used as reference numbers and do not imply relation to operating 
voltages.  

For system voltages greater than 34.5 kV, the turn to turn test is not applicable and a full wave impulse test 
is to be performed as a routine test. 

In the case of neutral grounding reactors the BIL across the coil may be different than the BIL across the 
support insulators (to ground). The purchaser shall specify if the BIL across the coil or support insulators is 
to be at a reduced level. Such a decision should be based on factors such as knowledge of the system 
characteristics and protection practices. Reduced BIL levels shall be selected from the standard values in 
Table 4. 

                                                 
10Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard. 
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Table 4—Insulation test levels for neutral grounding reactors 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 
Rated system 

voltage 
(kV)a 

BIL and full 
wave testb,g 
(kV peak) 

Chopped – 
wave test c 

(kV peak) 

Time to 
chopping 

(µs) 

Switching 
impulse testd 

(kV peak) 

Turn-to-turn 
test voltagee 

(kV peak) 

Power frequency 
withstand testf 

(kV rms) 

1.2 30 33 1.0 — 25 10 
45 50 1.5 — 38 10 

2.5 45 50 1.5 — 38 15 
60 66 1.5 — 51 15 

5.0 60 66 1.5 — 51 19 
75 83 1.5 — 64 19 

8.7 75 83 1.5 — 64 26 
95 105 1.8 — 81 26 

15 95 105 1.8 — 81 34 
110 120 2.0 — 94 34 

25 150 165 3.0 — 128 50 
34.5 200 220 3.0 — 170 70 

46 200 220 3.0 — — 95 
250 275 3.0 — — 95 

69 250 275 3.0 — — 140 
350 385 3.0 — — 140 

115 
350 385 3.0 291 — 173 
450 495 3.0 375 — 173 
550 605 3.0 450 — 173 

138 
450 495 3.0 375 — 207 
550 605 3.0 460 — 207 
650 715 3.0 540 — 207 

161 

550 605 3.0 460 — 242 
650 715 3.0 540 — 242 
750 825 3.0 620 — 242 
825 900 3.0 685 — 242 

230 
750 825 3.0 620 — 345 
825 900 3.0 685 — 345 
900 990 3.0 745 — 345 

345 1050 1155 3.0 870 — 518 
1175 1290 3.0 975 — 518 

500 
1425 1570 3.0 1180 — 750 
1550 1705 3.0 1290 — 750 
1675 1845 3.0 1390 — 750 

735 1950 2145 3.0 1550 — 830 
765 2050 2255 3.0 1700 — 880 

aA reduced insulation level may be applied across reactor terminals if the reactor is adequately protected by a surge arrester. This could 
be an economical engineering solution for some neutral grounding reactors. For such cases, the insulation level across the reactor shall 
be one of the above standardized levels and shall be at least 1.25 times the 8 × 20 µs, 10 kA protective level of the surge arresters 
connected between terminals.  
bAlternate BIL test values are provided for each value of rated system voltage to reflect current practices by various users. 
cChopped-wave test level is defined as 1.1 × BIL test level; including the appropriate “round off.” 
dSwitching impulse test is applicable to the support insulator only and are defined for nominal system voltages 230 kV and higher. 
eTurn-to-turn test levels are defined for BIL equal to or less than 200 kV. Turn-to-turn test levels are defined to be approximately 90% 
of the rated BIL across reactor terminals. For BIL voltages greater than 200 kV, the turn-to-turn test is not applicable and a full-wave 
impulse test is to be performed as a routine test. Although the WG considered extending the turn-to-turn test up to BIL equal to or less 
than 550 kV, it was decided not to include test values in Table 4 as fully commercialized test equipment was not readily available or fully 
proven. However, the option remains to employ a turn-to-turn test at higher BILs based on a crest voltage of approximately 85% of BIL. 
Performance of the turn-to-turn test in lieu of the impulse test would be based on the availability of test equipment and agreement between 
the manufacturer and the purchaser. 
fPower frequency withstand test is applicable to the support insulator only. 
gFor reactors installed indoors the purchaser may specify a reduced BIL. 
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4.8.2 Impulse insulation levels 

The standard impulse insulation levels for neutral grounding reactors are given in Table 4, Column 2. 
These values are expressed in terms of the crest value of a 1.2 × 50 microsecond full wave. 

4.9 Limiting temperature rises 

4.9.1 Temperature limitations at rated continuous current 

The inherent continuous current capability for a given rated thermal current is given in 4.7.2.1, Table 1. 

Table 5 provides average and hottest-spot temperature rises for various insulation systems for the designed 
continuous current rating of a neutral grounding reactor. 

Table 5—Limits of temperature rise at continuous rated current for neutral grounding 
reactors 

Item Insulation materials, thermal 
classificationb, c (°C) 

Average winding temperature rise 
by resistancea, d, e (°C) 

Hottest-point winding 
temperature risea, d (°C) 

1 105 55 85 

130 80 110 

155 100 135 

180 115 160 

220 140 200 

2 Metallic parts in contact with or adjacent to the insulation shall not attain a temperature in excess of that 
allowed for the hottest spot of the windings adjacent to that insulation. 

3 Metallic parts other than those covered in Item 2 shall not attain excessive temperature rises. 
aTemperature rise is rise above ambient in degrees Celsius. 
bA reactor with a specified temperature rise shall have an insulation temperature index that has been proven by experience or 
testing. 
cThe insulation temperature index in Table 5 is supplied as a reference and is based on the preferred temperature index for 
insulation materials as defined in IEEE Std 1-2000. It should be noted that the preferred temperature index is the lowest value in a 
number range (of temperatures) into which insulation materials can be placed. This results in an element of conservatism in the 
thermal performance of an insulation system and thus constitutes part of the experience factors in assigning temperature rise limits. 
dThe above average temperature rises and hot spot temperature rises are maximum upper limits. Hottest-spot winding temperature 
rise limits are based on the accepted experience that neutral grounding reactors are subject to significant variation in duty. The 
reference ambient temperature is considered to be a 20 °C annual average ambient temperature in conjunction with the capability to 
operate in a 40 °C maximum ambient when the 24 h average is 30 °C. Specified temperature limits may be lower due to such 
service considerations as high average ambient temperature conditions, prolonged exposure to high ambient temperatures, indoor 
vs. outdoor service, high continuous duty (limited “load cycling”), and loading profile (specified overloads). 
e The average winding temperature rise limits are based on the attempt to achieve an approximate 40% differential between hot spot 
rise and average rise. However, it should not be construed that the difference between maximum hot spot rise and average rise is a 
hot spot allowance. There are so many design variables involved that it is not possible to arrive at a meaningful single value. 
Nevertheless, it should be stressed that the intent is that neither the average winding rise nor the hottest spot winding rise should be 
exceeded. Since it is generally hot spot temperature rise that determines the life of a reactor, the manufacturer and purchaser may 
agree that the average temperature rise can be safely exceeded for some reactor designs provided the hot spot rise limit is respected 
and verified. 
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4.9.2 Temperature limitations under short-circuit conditions 

The temperature, as calculated by methods given in IEEE Std C57.16-2011, 11.7, of the conductor material 
in the windings of reactors under the short-circuit conditions specified in 4.7.2 shall not exceed the limiting 
values given in Table 6. 

Table 6—Limiting temperature for rated short-time current for neutral grounding reactors 

Insulation temperature index (°C) Actual limiting temperature (°C) 
105 205 
130 285 
155 315 
180 350 
220 400 

The limiting temperatures in Table 6 are upper bounds based on the known capabilities of available 
materials. The actual limit used on design must be modified based on the winding insulation and 
encapsulation materials utilized. 

4.10 Routine, design, and other tests for neutral grounding reactors 

Routine, design, and other tests for neutral grounding reactors are listed in Table 7. 

General test information is provided in 4.10 to 4.16. Further details regarding reactor testing may be 
obtained in IEEE Std C57.16-2011. 

Table 7—Routine, design, and other tests for neutral grounding reactors 

Tests: 
Test classification 

Routine Design Other 

Resistance measurement: The dc resistance measurement shall be made on the 
full winding. X   

Impedance measurement: The impedance measurement shall be made on the 
full winding. X   

Total loss measurement: Total losses to be measured on all units. X   

Temperature rise test: This test is performed on one unit out of a number of 
units of the same design.  X  

Power frequency withstand test: The power frequency withstand test shall be 
made only on support insulators when specified.   X 

Turn-to-turn test: This test is performed for nominal system voltages of 34.5 kV 
and below. X   

Lightning impulse test: 
— Nominal system voltage greater than 34.5 kV. 
— Nominal system voltage at or below 34.5 kV only when specified. 

 
X 
 

 
 
 

 
 

X 

Chopped wave impulse test: The chopped wave impulse test shall be made only 
when specified.   X 

Seismic verification test: Test performed only when specified.   X 

Short circuit test: Test performed only when specified.   X 
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4.11 Dielectric tests 

Dielectric tests apply a higher than rated voltage for a specified time to determine the adequacy of 
insulating materials and spacing with respect to the specified insulation levels. 

4.11.1 Turn-to-turn overvoltage test 

The turn-to-turn test for dry-type air-core neutral grounding reactors shall be made by applying between the 
terminals of each winding a series of high frequency, exponentially decaying sinusoidal voltages. The test 
sequence shall consist of a reduced sinusoidal voltage discharge followed by 7200 sinusoidal voltage 
discharges with a first peak voltage at least equal to the values specified in Column 6 of Table 4. The 
duration of the test is not to exceed 60 s. 

Further details regarding the turn to turn overvoltage test are provided in 11.3.5 of IEEE Std C57.16-2011. 

4.11.2 Impulse tests 

For dry-type air-core neutral grounding reactors a lightning impulse test shall be made on each terminal of 
the reactor by applying a reduced wave and three full waves, all of positive polarity with crest voltages as 
specified in Table 4, Column 2. 

A chopped wave impulse test shall be made on each terminal of the reactor, when specified, by applying 
one reduced full wave, one full wave, two chopped waves, followed by two full waves (preferably within 
ten minutes after the last chopped wave), with crest voltage as shown in Table 4, Column 3 and time to 
chopping as shown in Table 4, Column 4. 

A reduced BIL may be specified to be applied at the reactor ground terminal. 

Further details regarding the impulse test are provided in 11.3.6 of IEEE Std C57.16-2011. 

4.11.3 Power frequency withstand voltage test 

For dry-type air-core neutral grounding reactors, a power frequency withstand test shall be made, when 
specified, on the reactor’s supporting structure, including insulators. Test values are those indicated in 
Column 7 of Table 4. This test shall be made at the test voltage corresponding to the insulation class 
assigned to the ground end. 

Further details regarding the power frequency withstand voltage test (applied-voltage test) are provided in 
11.3.3 of IEEE Std C57.16-2011. 

4.12 Temperature rise test 

This test shall be made by passing continuous current through the reactor until the temperature rise 
becomes constant, and then determining the hottest-spot temperature rise, where practicable, together with 
the average winding temperature rise. The temperature rise tests shall be made in a room that is essentially 
free from drafts. 

When the available test power does not permit making the test at rated current, then the manufacturer shall 
demonstrate to the purchaser that reduced current testing produces sufficiently accurate results when 
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