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Abstract: Guidance for the use and application of Rogowski coils (RCs) (air-core current sensors)
for protective relaying in electric power systems is described and provided in this guide. The
selection and application of RCs for the more common protection schemes are also addressed.

Keywords: air-core current transformer, IEEE C37-235™, low-power instrument transformer,
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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.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
*Available at: https://standards.iece.org/content/icee-standards/en/about/contact/index.html.
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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

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.
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Introduction

This introduction is not part of IEEE Std C37.235-2021, IEEE Guide for the Application of Rogowski Coils used for
Protective Relaying Purposes.

Conventional iron-core current transformers (CTs) have traditionally been used for protection and measurement
applications in part because of their ability to produce the high-power output required by electromechanical
equipment. Microprocessor-based devices consume less power than traditional electromechanical equipment,
thereby making high-power current sensors unnecessary. When conventional CTs are used with new
microprocessor-based relays, commonly recognized CT problems such as saturation and remanence can affect
the relay performance in a similar way as with traditional schemes. Manufacturers use different algorithms to
achieve proper performance of relays during CT saturation.

Rogowski coil current sensors have high measurement accuracy and are linear (do not saturate), providing
a wide operating current range. Rogowski coils make protection schemes possible that were not achievable
with conventional CTs because of saturation, size, and/or weight. Unlike CTs that produce secondary current
proportional to the primary current, Rogowski coils produce output voltage that is a scaled time derivative
of the primary current. Signal processing is required to extract the power frequency signal for phasor-based
protective relays and microprocessor-based equipment designed to accept these type signals.

This guide is the first one on Rogowski coil usage for protective relaying. It is intended to present the principle
of operation of Rogowski coils and to compare performance characteristics with other current sensing devices.
This document includes guidelines for Rogowski coil installation, interface to relays, testing, and applications
for different relay protection schemes. The guide was revised to update Rogowski coil requirements and to
harmonize with IEC 61869.
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IEEE Guide for the Application of Rogowski Coils used for Protective

Relaying Purposes
1. Overview

1.1 Scope

This guide establishes criteria and requirements for application of Rogowski coils (REs)air-core
current sensors) used for protective relaying in electric power systems. The selection and application

of Rogowski coils RCs for the more common protection schemes are addressed.
1.2 Purpose

This document provides a guide for application of Rogowski coils used for protective relaying in
electric power systems. It is intended to assist the relay application engineer in the correct selection

and application of Rogowski coils RCs for protective relaying purposes. It provides guidelines

reguirements relevant to the performance, operation, testing, and maintenance of Rogowski coil-
based current sensors. This guide applies to all types of Rogowski coils used for protective relaying

purposes.

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 t0).6,7

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).

6The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe

unavoidable situations.

7The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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The word 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).
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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.

IEC 61869-1 60044-8, Instrument transformers — Part 1 8: General requirements.® Electronic-current

transformer?

IEC 61869-2, Instrument transformers — Part 2: Additional requirements for current transformers.

IEC 61869-3, Instrument transformers — Part 3: Additional requirements for inductive voltage

transformers. IEC 61869-4, Instrument transformers — Part 4: Additional requirements for combined

transformers.

IEC 61869-5, Instrument transformers — Part 5: Additional requirements for capacitor voltage

transformers.

IEC 61869-6, Instrument transformers — Part 6: Additional general requirements for low power

instrument transformers.

IEC 61869-7, Instrument transformers —Part 7: Additional requirements for electronic voltage

transformers. IEC 61869-8, Instrument transformers — Part 8: Additional requirements for electronic

current transformers. IEC 61869-9, Instrument transformers — Part 9: Digital interface for instrument

transformer.

IEC 61869-10, Instrument transformers — Part 10: Additional requirements for low power stand-

alone current sensors.

8 2IEC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and in-the United-States

om-Global Encineering Documents; rverness-Way-East-Englewood, CO 80H2-USA-(http/felobalihs.comf)Electroniccopies
are-availablein-the United-Statesfrom the American National Standards Institute, 25-West43+d-Street4th-FloorNew York NY
10036, USA (https htp://www.ansi.org/).
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IEC 61869-11, Instrument transformers —Part 11: Additional requirements for low-power passive

current transformers.

IEC 61869-12, Instrument transformers — Part 12: Additional requirements for combined electronic

instrument transformers or combined low-power passive instrument transformers.

IEC 61869-13, Instrument transformers — Part 13: Stand-alone metering units.

IEC 61869-14, Instrument transformers — Part 14: Additional requirements for current transformers

for DC applications.

IEC 61869-15, Instrument transformers — Part 15: Additional requirements for voltage transformers

for DC applications.

IEEE Std C37.92™, IEEE Standard for Analog Inputs to Protective Relays from Electronic Voltage

and Current Transducers.9,10

IEEE Std C57.13™, IEEE Standard Requirements for Instrument Transformers.

9The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated.

10 3IEEE publications are available from The Institute of Electrical and Electronics Engineers,tre—445-HoesanePiscatawayNJ
08854, USA (https htp://standards.ieee.org/)-
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3. Definitions, acronyms, and abbreviations

3.1 Definitions

No terms and definitions are listed in this standard.

IEEE maintains a database of terms defined in IEEE standards. The IEEE Standards Dictionary

Online is available at http://dictionary.ieee.org.11

111IEEE Standards Dictionary Online is available at: http://dicti deee.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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3.2 Acronyms and abbreviations

CT current transformer

_ Latine tme ]

ECT electronic current transformer

EMC electromagnetic compatibility

BVF——electronie voltage transtformer

GIS gas insulated switchgear

IED intelligent electronic device

LPCT low-power passive current transformer
PCB printed circuit board

rms root mean square

RC . i coil

RIV o intont |
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4. Review of conventional current sensor technologies

4.1 Iron-core current transformers

This subclause gwide compares Rogowski coil characteristics with conventional bushing-type iron-

core current transformers (CTs). The CT circuit diagram is illustrated in Figure 1, the CT eonnections

and equivalent circuits is are shown in Figure 2, and in an equivalent circuit with the CT parameters

scaled to the secondary is presented in -an ideal CT operates will-eperate with an ampere-turn

balance [Equation (1)]:

I,Xn, =1 %n, (1)
New
—— P—— S
Ip-Hp = 1Is-Hs —— (1}
e L

An actual CT does not behave as an ideal transformer. The CT secondary voltage is generated by the
rate of flux change in the core. To produce flux in the CT core, magnetizing (exciting) current is

required rneeded. This magnetizing current introduces ratio and phase errors. The-equation—-of-an

CT load
" (burden)

New

Figure 1—CT circuit diagram
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Magnetizing
branch
.

BurdenI
"

Figure 2—CT equivalent circuit

The equation of an actual CT can be written as Equation (2):

[=i+i B
New
P —
ir'P’ =75 "‘_i'le — _ (2:}
oeleledsy
B Ry L, R. L, i
= =
i+ | I |
j’"r ‘ ‘ 'r‘rmr
=
R, L,
Low
. _ impedance
(New)
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ip, is

np, ns

Rp, Lp

Rs, Ls

ip

RP’, Lp/

ie

Lm

imx

i
T
‘Enl CT load

(burden)

Mag netifing
B % Burden

is the primary and secondary currents, respectively

is the number of primary and secondary turns, respectively

is the primary winding resistance and leakage inductance, respectively

is the secondary winding resistance and leakage inductance , respectively
is the primary current referred to the secondary

is the primary winding resistance and leakage inductance referred to the secondary,

respectively

is the exciting current
is the magnetizing inductance

is the magnetizing current, reactive component
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amr is the magnetizing current, active component

Rm is the iron loss resistance

Zb is the CT load (burden), including lead resistance

Figure 3—CT Currentiransiormer seipciple ol eperation: (o conpections
{b) equivalent circuit, and-(e) equivalenteirenit-parameters scaled to the

secondary

In most cases, for relay applications, satisfactory CT transient analysis can be performed by

simplifying the CT equivalent circuit of part-e)-of-Figure 3 to an equivalent circuit 2-as shown in
Figure 4 3. The CT parameters Rp, Lp, and Rm can be neglected. Leakage inductance Lp can be
neglected for CT's that have fully distributed secondary winding. Inter-winding capacitance can also
be neglected at the frequencies of interest to protection studies. Generally, CT parameters that are
should-be represented include magnetizing branch Lm (a non-linear element) and the CT burden.
Typically, microprocessor-based relays are low burden devices having a low resistance as seen by
the CT and can be neglected. Therefore, the CT burden Rb may be represented only by the CT wire

resistance and lead resistance.

[ 'PP
— —_— —

L}
Ideal
cT H L Rs

Figure 4 3—Simplified CT representation for transient analysis
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IEEE Std C57.13 specifies CT behavior only under steady-state and symmetrical fault conditions. The
CT ratio error is specified to be +10% or less for fault currents up to 20 times the CT rated current
and up to the standard burden. CTs are designed to meet this requirement. But if a symmetric fault

current exeeeds20-times the burden exceeds the standard, CFsated-current or if the fault current is

smaller but contains dc offset (asymmetric current), the CT may w4l saturate. The secondary current
distorts, will-be—distorted and the current rms value reduces will-be—reduced. Figure 5 4
demonstrates levels of a 600/5 A, C100 CT saturation for symmetric fault currents. The CT loading
consists of the CT wire resistance of 0.5 Q) and standard burden of 1 Q. The CT ratio errors calculated
based on the value of rms current at different saturation levels are correlated to CT operating points
on the V-I curve shown in the insert of Figure 5 4. This CT meets the accuracy class specified by
IEEE Std C57.13 since at 20 times the CT rated current, the CT error is 7%, which is less than
specified 10%. However, at higher fault currents, this error rapidly increases as shown in Figure 5 4.

Rogowski coils do not have this limitation.

10°
Ideal CT
\\\.
600/5 A, C100 CT

_ with 0.5 © CT wire resistance
= and 1 Q resistive burden
1= 0lo\
o . e,(l'o‘\"
‘::—:i \'B-“O
2 102
=
=
3 0
o} —
Nt =
3 g,

i

=)

=

Exciting Current [A]
101 0.1 1 10 100
107 102 10°
CT Primary Current [A]
(referred to the secondary)

Figure 5 4—Example of a 600/5 A, C100 CT saturation characteristic
: | . L.
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4.2 Gapped-core current transformers

Iron-core current transformers can be designed without or with air gap in the core. In non-gapped-
core CTs, a remanent flux may remain in the core after a fault current interruption. In grain-oriented
iron-core CTs, when saturated, a remanent flux of 70% to 80% of saturation flux may remain in the
core. Very little of the remanent flux can dissipate during normal CT operation, and it remains wilt
remain in the core until the CT is demagnetized. An air gap in the core reduces remanent flux.
Typically, air gaps of 0.0001 through 0.0003 per unit of mean length of the magnetic path reduce
remanent flux to the acceptable level. Main advantages of gapped-core CTs are smaller CT size and
smaller core over sizing requirements to avoid saturation. Disadvantages are increased CT phase

error and the need for more time to allow stored energy to dissipate.
4.3 Linear couplers

Traditionally, the problem of CT saturation was eliminated using linear couplers. A linear coupler
(air-core mutual inductor) produces output voltage proportional to the derivative of the primary
current. Because no ferromagnetic material exists, linear couplers do not saturate. The number of
secondary turns is much greater than in a conventional CT. The linear coupler V-I characteristic is a
straight line having a slope of about 5 V per 1000 A ampere-turns at the rated frequency. By
agreement between manufacturer and customer, the linear coupler V-I characteristic can have any

slope.

For differential protection of bus bars, linear couplers are typically connected in a voltage-
differential circuit. For normal load or external-fault conditions, the sum of the voltages induced in

the secondary is zero, except for the very small effects caused by different coil sensitivities resulting

from manufacturing tolerances.
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5. Rogowski coil eeils

5.1 Theory of operation

Rogowski coils were introduced in 1912 to measure magnetic fields. At that time, they could not be
used for current measurements; since the coil output voltage and the deliverable output power were
not sufficient to drive electro-mechanical measuring and protection equipment (relays). With-teday’s
low-burden-Microprocessor-based devices consume less power than traditional electro-mechanical

protection—and —measurement equipment, making high-power current sensors unnecessary and

Rogowski coils became suitable for metering and relaying sweh applications.

In a simple instance, a Rogowski coil consists of wire wound on a non-magnetic core (ur = 1). The
coil is placed around the conductors whose currents are to be measured as shown in Figure 6 5.

Design—eriteria—for Rogowski coil design requires eoils-inelade that the core has a constant cross-

section S and that-the wire is wound perpendicular on the middle line 1 (dashed line in Figure 6 5)

with constant turn density n._For this design example, formulas to calculate performance

characteristics are presented next.

Figure 6 5—Principle of Rogowski coil design
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The voltage induced in the coil is defined by Equation (3).

v(7) __

dt

(3)

Where_the 1 is total flux in the coil. The total flux { when applying Rogowski coil design criteria is

defined by Equation (4).

where

uo

ur

v = poprni)dfiﬂods
i S5

4)

New
V= ptoptrn Tas )
(Peleted)
is the mean core length
is the winding density (windings per unit length)
is the core cross-section area
is the magnetic field intensity
is the permeability of air
is the relative permeability of the core material
Further, Furthermeore Equation (5) applies.
dSdl = dSdl )
Now, Equation (4) can be rewritten as Equation (6):
v = poprnLdS(j}FH-dI‘ :poprnLi(r]dS = pout,nSi(1) (6)
New
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di(r) di(t)
t)= S =-M 7
V(6) = =Hok,n dt dt 7
New
M — — . ———
~ dilt
V(1) = —propnS ——= = M Lo (7)
— L dt ——
(Deleted)
then
M = po umS (8)

For an ideal Rogowski coil, the mutual inductance M is independent of the conductor location inside
the coil loop. The Rogowski coil output voltage is proportional to the rate of change of the measured
current and its frequency. To reduce minimize the influence of nearby conductors carrying high
currents, Rogowski coils may be are designed with two wire loops connected in the electrically
opposite direction. Ideally, this design cancels will-ecaneel the induced voltages due to external
magnetic fields. In practice, complete cancellation is difficult to achieve when the external fields
contain severe gradients and curvature. Two loops can be formed by making one winding and
returning the wire through the center of the winding as shown in Figure 7 6. The second method is
to make the second winding on top of the first winding wound in the opposite direction. The third
method is to make two separate windings of identical design and having identical number of turns

wound in the opposite direction and located next to each other as illustrated in Figure 8 Z.
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«— Secondary winding
wound over
the cable insulation

Existing wire through
the cable core center

primary
conductor

loop made by

internal return wire

primary
conductor

Figure 7 6—Rogowski coil with the return wire through the winding

center
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Primary
Conductor

Figure 8 7—The impact of primary conductor location Regewski-eeil-
output-veltage: (a) induced voltages from an external conductor are
canceled at and-(b) the coil output, (b) included eenductorpassing-

threugh-the-eoil bushing-induees voltages from the conductor embraced
by the coil are summed at the coil output in beth-windings

Rogowski coil equivalent circuit for resistive load Rb is shown in Figure 9 8. The capacitance Cs is
composed principally of the coil shielding capacitance, the output cable capacitance, and some stray

capacitance. The distributed turn-to-turn capacitance of the coil is not shown: and can be neglected

at the-frequencies of concern

for relaying applications appheation—and—ean-beneglected. A Rogowski coil vector diagram is
depicted shews in Figure 10 9.

M
I, Ls R.s' ]
° > m I—I .—SP
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(New)
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Figure 10 9—Rogowski coil vector diagram (for resistive load)

Rogowski coil parameters Rs and Ls cause a difference in the output voltage magnitude and phase
angle between unloaded Rogowski coil (open circuited) and Rogowski coil loaded by burden Rb,

which can be calculated as Equation (9) and Equation (10). feHews:

I = 4 (10)
. ‘R."J
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Since w Ls << Rb + Rs and Rs << Rb; magnitude difference ¢ can be approximately determined by

Equation (12).
e=1- R, ~1- R, R (12)
VR +R)+ (L) KRR
New

Phase difference, in radians, d is defined by Equation (13).

WL,
R.’; + R_a

tand =

&JL_‘
R, + R,

& = arctan

(13)

New

tand =

o = arctan

Note, the above accuracy approximation is for the Rogowski coil only. It does not take into account

manufacturing variations of the coils, temperature effects on the coils, or the accuracy of the digital

signal processing electronics to which the coils are connected.

5.2 Rogowski coil designs

Rogowski coils may have various be-eesigned—and-—made—-having shapes including that-inelade
round, oval, rectangular, tear-drep,—and an open-ended fork. Generally, for applications of

protection relaying, the common shapes used are round and oval. The coils may be made of rigid
materials, or of flexible materials resembling coaxial cable or belt-like in nature. Coils can be made as
non-split core, eeres or; alternatively; as openable split-core construction. The cross-sectional shape

upon er which the coil is formed is generally either circular or rectangular. Other cross-sectional

shapes are possible-although-generallyless-practieal.
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