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This document is intended to provide users with an indication of changes from
one edition to the next. It includes a full-text version of the new document, plus
an indication of changes from the previous version.

Redlines are designed to save time and improve efficiencies by using the latest
software technology to find and highlight document changes. More professionals
are using valuable new technologies like redlines, to help improve outcomes in a
fast paced global business world.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document.
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Abstract: Information and general recommendations of instrumentation, circuitry, calibration, and
measurement techniques of no-load losses (excluding auxiliary losses), excitation current, and load
losses of power and distribution transformers are provided. The guide is intended as a complement
to the test code procedures given in Clause 8 and Clause 9 of IEEE Std C57.12.90™,
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

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

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

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

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

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

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

Official statements

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

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

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

Updating of IEEE Standards documents

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

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

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

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. 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: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

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 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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Introduction

| This introduction is not part of IEEE Std C57.123, IEEE Guide for Transformer Loss Measurement.

This guide was originally initiated to explain in more detail the accuracy requirements, test code procedures,
various available test methods, methods to diagnose test anomalies, and the procedures for calibration and
safety.

In this latest revision, the following updates were made:

— Better explanation of parameters affecting core loss measurement in 3.2

— Added explanation in 3.5.3 for the usage of capacitors in parallel with the voltage source to reduce
voltage distortion during no load loss measurement

— Added 3.8 about no-load loss measurements using three phase power analyzer to recognize that most
measurements are now made with digital instruments

— Added an alternate load loss wattmeter-voltmeter-ammeter test method in 4.6

— Updated modern power loss measurements systems in Clause 5

— Added explanation of system calibration versus component calibration in Clause 7
— Added new references to the bibliography

— Removed 8.3 on safety
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IEEE Guide for Transformer Loss Measurement

1. Overview

1.1 Scope

This guide provides background information and general recommendations of instrumentation,
circuitry, calibration, and measurement techniques of no-load losses (excluding auxiliary losses),
excitation current, and-load losses of power, and distribution transformers. The test codes, namely,

IEEE Std C57.12.90™, IEEE Std C57.12.91™, and the test code section of IEEE Std C57.15™; provide

3
specifications and requirements for conducting these tests. This guide has been written to provide

supplemental information for each test. More technical details of the measuring instruments and

techniques presented in this guide can be found in the document developed by So [B23 B—l—é].2 This
guide applies to liquid-immersed power and distribution transformers, dry-type transformers, and

step-voltage regulators. Additionally, it applies to both single- and three-phase transformers.
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1.2 Purpose

The purpose of the guide is:

— To describe the basis and methodology by which the accuracy requirements of {Clause
8 and Clause 9} of IEEE Std C57.12.90 for liquid-immersed transformers and IEEE Std

C57.12.91 for dry-type transformers can be achieved.
— To explain why the test code specifies certain procedures and limits.

— To explain advantages and disadvantages of different test methods where alternative

methods are available.
— To explain practical limitations and valid means of overcoming them.
— To give theoretical basis for interpolation/extrapolation of tested data and valid limits.
— To explain test anomalies —how they result, what they mean, and how to handle them.

— To give procedures for calibration, certification, and traceability of measurement

processes to reference standards.

— To discuss procedures for grounding and; shielding-safetyprecautionsete.

— To provide schematics and examples to clarify concepts and demonstrate

methodologies.
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.
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IEEE Std (C57.12.00™-2006, IEEE Standard for General Requirements for Liquid-Immersed

Distribution, Power, and Regulating Transformers.

IEEE Std C57.12.01™, IEEE Standard for General Requirements for Dry-Type Distribution and

Power 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 C57.15™, IEEE Standard Requirements, Terminology, and Test Code for Step-Voltage

Regulators.

3. Transformer no-load losses

3.1 General

No-load losses (also referred to as excitation losses, core losses, and iron losses) are a very small part
of the power rating of the transformer, usually less than 1%. However, these losses are essentially
constant over the lifetime of the transformer (do not vary with load), and henee—they—generally
represent a sizeable operating expense, especially if energy costs are high. Therefore, accurate

measurements are essential in order to evaluate individual transformer performance accurately.

IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

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

Engineers, Incorporated.
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No-load losses are the losses in a transformer when it is energized at full rated voltage but not

supplying load. They include mainly losses due to magnetization of the core.; Dielectric losses in the
insulation; and winding losses due to the flow of the exciting current and any circulating currents in

parallel conductors_represent a very small fraction of no load losses. Load-tap-changing

transformers may use preventive autotransformers, series transformers, or occasionally, both. In
most designs, the no-load losses of these auxiliary transformers add to the no-load losses of the main
transformer when the tap changer is not in the neutral position. For example, the additional no-load
losses of preventive autotransformers depend on whether the tap changer is bridging or non-
bridging. For series transformers, the additional no-load losses depend on tap position. No-load

losses are affected by a number of variables discussed in 3.2.

3.2 Parameters affecting magnitude of no-load losses

3.2.1 Induction

Losses in the core vary with the level of induction in the core (flux density), and thus the base no-

load loss is established by the rated level of the design core flux density of the transformer.
3.2.2 Excitation voltage magnitude

Since the core flux density is proportional to a—direetfunetion—of-the magnitude of the excitation

voltage (below saturation level), it then follows that core the-no-load losses are also a function of this

voltage. For example, a 1% change in voltage causes a corresponding change in core loss generally in

the 1% to -3% range. The higher design-and-material-usedfor the flux density, core-determine the

higher magnitude-of the percent change in core losses. It is; therefore; essential to apply have-an
aceurate-measurement-of the correct magnitude of the excitation voltage.
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3.2.3 Excitation voltage waveform

No-load losses are usually quoted and reported based on a sine-wave voltage excitation. Even with a
sinusoidal source voltage, the non-linearity of the transformer core results in a heavily distorted

introdueces—significant-harmenies-into-the-excitation current waveform, especially at high levels of

core operating flux densities. This in turn results in a somewhat and—ecould—resultin distorted

excitation voltage and flux waveforms. The magnitude of the voltage wave form waveform
distortion is-usually determined by the output impedance of the voltage source and the magnitude
and harmonics of the excitation current. The higher these parameters are, the greater the magnitude
of the voltage waveform distortion will be. Figure 1 illustrates the transformer supply circuit at the

no-load test.
z, X
') ®
ﬁ / H1
V:'J

® \

O

x 9

wherefromHiguret

Vex  is the excitation voltage
VS is the source voltage
VO  is the output voltage
lex  is the excitation current

ZS  is the source impedance

Figure 1—Transformer supply circuit at no-load test
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from Figure 1;;

V, =|V|sin{ex) (1)
Zo =R+ jnX; (2)
L=> |I_u_” cos{nax + ¢, | (3)
Vo=V, - Zsl., )
where
Xs is the source reactance
Rs is the source resistance

Zsn is the source impedance for current harmonic n

n is the order of harmonic

(& is =2nf

b, is the phase-angle for harmonic n

f is the system frequency

Figure 2 below shows a typical excitation current waveform. Assuming a source impedance of 10%,

an excitation current equal to 1 2% of rated current, and a 50% fifth harmonic_current, the resultant

excitation voltage will have approximately a 0.25 5% fifth harmonic.

Measurements will vary markedly with waveform. Peaked voltage waveforms (form factor greater
than 1.11) result in lower losses than those of sine-wave voltage. Flat top waves, however, result in
higher losses than those for the corresponding pure sine-wave. It is, therefore, a requirement to

accurately account for the impact effeet of having-a-distorted voltage waveform on core losses.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 20:48:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.123-2019


http://www.avadocuments.com/doc/ieee-c57-123-2019
http://www.avadocuments.com/doc/ieee-c57-123-2019

100%

l; = 5%
- = 54%
l, = 28%
] l; = 1%
liy= 13%
= 3%

Figure 2—A typical excitation current waveform and harmonic content

3.2.4 Core material

The magnetic properties of the core material-itself, as well as the thickness and insulating coating of

the individual laminations, affects the magnitude of iron losses of the material and hence have=a

chireeteffeet on the magnitude of the core losses-ina-core. For example, higher grain-oriented grades
of steel and ex thinner gauge laminations have lower iron losses than those of regular grain-oriented
and ex thicker gauge steel grades, respectively. Amorphous metal cores generally have even lower

magnitudes of core loss (about one-third compared to regular core steel at the same flux density),

but operate at mueh-lower flux densities because of their generically a lower magnetic saturation

level. Variability in material properties of the same grade of steel may give rise to noticeable

differences in the core-loss performance of transformers of the same design, especially at high

operating flux densities. This effect is-generallyy more noticeable in small transformers.

Core steels typically have insulative coatings that provide sufficient insulation between core steel

laminations in stacked cores. Some core steels used for distribution transformers with wound cores

only have glass coatings. Coatings have significant impact on the iron loss as well as the

magnetostriction properties of the core steel. In stacked cores, the thickness of the core steel coating

causes the lamination factor to be lower for thinner grades of steel.
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3.2.5 Frequency

Iron losses of i the core material have two main components: the hysteresis loss component and the

eddy current component. The hysteresis loss component varies linearly with frequency. The eddy

current component contains the {econtaining—both classical eddy loss component which is

proportional to the square of the frequency lesses and the anomalous eddy loss component which

lesses) varies in proportion to approximately the square-of-the-frequency_to the power of 1.5. The
relative magnitudes of these two components are a function of the grade and thickness of steel used
as well as the magnitude of the operating core flux density. Hence, frequency is one of the main

factors that these-two-parameters determine the iron losses magnitude-of-the-effeet of the frequeney
on core material losses. For example, the ratio of the 60 Hz to 50 Hz specific ¥atie-of iron loss of 0.27

mm highly grain-oriented steel density at 1.5 T induction is typically 1.32-fer-027-mm-highlygrain-
oriented-steel. This ratio is correspondingly equal to 1.26 for 0.23 mm regular-oriented steel at 1.75 T.

Also, a frequency deviation of 0.5% corresponds to about 1% to 2% deviation in core losses.
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3.2.6 Core size and core dimensions

Obviously larger cores have more core steel and hence higher core losses (assuming other variables

affecting core loss are constant). At the same time, larger cores have lower magnetic building factor.

As a result, larger cores have lower core loss density. For example, stacked cores of distribution size

transformers generally have several percent higher core loss density (W/kg) compared to power

transformer cores of the same type and material when operating at the same flux density.

Additionally, in smaller cores, localized losses in the core joint areas and around stacking holes, etc.

add several percent to the total core loss.

3.2.7 Core construction and core configuration

The following different core constructions and core configurations will yield different values of core

loss densities and hence core losses:

— Wound core versus ¥s- stacked core

— Single-phase versus s- three-phase cores

— Core form versus ¥s- shell form type

— Core type (e.g., three-legged versus vs- five-legged cores)

These different values of core loss are Fhis-is caused by differences in the magnetic flux distribution

in these different core configurations.

3.2.8 Joint type

The type of core overlap joint has a significant impact on core losses. The present day step lap joint

will generally produce lower losses than the previously used non-step lap or butt joints for the

typical flux density range. The joint type affects not only the magnetic flux distribution of the core,

but also losses localized at the joint due to the air gaps. The joint type will also have a much larger

impact on the magnitude of the exciting current.
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3.2.9 Workmanship

The quality of workmanship in slitting and; cutting—annealingand handlingof-the-individual core

laminations has a significant impact on the magnitude of core losses. Larger slitting burrs, for

example, cause low values of core interlaminar resistance which, in turn, cause high values of

interlaminar losses that add to the losses of the core. This phenomenon is one of the largest

contributors of high values of core losses; especially in larger cores made of low iron loss steels. and

Also, the quality of the assembly of the core has hawve a direct impact effeet on the magnitude-of-core
losses—Fhe-quality of the core joints and hence alse-affects-the-value-ofcoreJossto-a—certain-extent

but-usuallyhasagreater-effeet on the magnitude of core losses. This impact is even greater with

increasing magnitude of the exciting current.

The above are additional contributors to differences in measured core-Thesefactors—can—partially

explain—why loss values of measurements—on—essentially duplicate design transformers wnits—ean
differbyafew pereent.

3.2.10 Core temperature

Core losses are affected to some degree by the temperature of the core at the time that losses are

measured. Theoretically Generally, core losses should decrease with the an increase in core

temperature. This is due to a reduction of the eddy loss component of the iron loss of the core

material-iren—tess caused by the higher resistivity of the material at higher temperatures. The
calculation method to correct the measured values of core losses of distribution transformers to the
reference temperature is given in 8.4 of IEEE Std C57.12.90 and IEEE Std C57.12.91. The magnitude
of this effect is in reality a function of core design and core material. However, the effect is
sufficiently small (about 1% for every 15 °C). In this case, using an average value of the correction
factor is thorough satisfactory. The factor was chosen to be 0.065% per °C (0.00065 p.u. per °C). Its
value was arrived at through consensus in the transformer industry and is based on typical values.
Due to uncertainty of the actual value of the core temperature during operation, the reference
temperature was chosen to be 20 °C for liquid-immersed transformers (per IEEE Std C57.12.00™-
2006). Since core loss measurements on power transformers are typically made at; or near; room

temperature, there is normally little temperature correction_that needs to be applied in this case.
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Note that cores made of core materials that have lower quality coating with lower surface tension

have been seen to experience several percent of core loss increase at higher temperatures. This is

believed to be caused by stresses internal to the material resulting from non-uniform core lamination

elongation at higher temperatures.

This is more noticeable at flux densities > 1.7 T.

3.2.11 Impulse tests

No-load loss measurements taken directly after the impulse tests are usually slightly higher

(typically 1% to 3%) than those taken before the tests beforehand—tHigher-magnitudes-ofinereased

present-time. Existing data, however, shows that this increase is seldom permanent and usually

diminishes with time (after two to three several hours). This increase is thought to be caused by a

reduction of the interlaminar resistance of the core after dielectrics.

Cases of much higher magnitudes of increased no-load loss after the impulse tests have been

experienced in cores with low interlaminar resistance.

3.2.12 Core stabilization

When a transformer is energized for the purpose of no-load loss measurement, it typically exhibits

may-exhibit an initially high excitation current, a slightly higher core loss, high core noise level, and

highly distorted voltage waveform. As the voltage is held constant, magnitudes of the excitation

current, core loss, core noise, and voltage waveform ane distortion gradually decrease to the

expected levels. The time period for this change to stabilization stabilize is typically a few seconds
and may be longer for large transformers seme-transtormer-designs. The cause of this phenomenon

is believed to be mainly due to the core residual magnetization phenomenon. To reduce the time to

reach core stabilization, it is recommended that the core be excited first with higher voltages or

applying voltage gradually fax-densitylevels.
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3.2.13 Short-circuit testing

As stated in the test code for short-circuit testing of distribution and power transformers (IEEE Std
C57.12.90 and IEEE Std C57.12.91), small changes in the excitation current and core loss can be
expected after a short-circuit test. Hence, the test code generally allows for a maximum increase of
5% for transformers with stacked cores. However, in distribution transformers with wound cores, an
increase of up to 25% in the magnitude of the excitation current could occur due to small distortions
of the core, even in the absence of a winding failure. In the event of a winding failure, even larger

increases could occur.
3.3 Excitation current (no-load current)

Excitation current is the current that flows in the winding used to excite the transformer during the
no-load loss test when all other windings are open-circuited. The excitation current has two main
components: an inductive component and a capacitive component. The inductive component-{xefer
to-Figure 3-for-the-vectorialrelationship) provides for the magnetization and losses of the core and
hence, is non-linearly proportional to the excitation voltage. The capacitive component {see-again
Figure-3)-provides for the charging current and dielectric losses for both the capacitance of the

internal winding capacitance and the_winding capacitance to ground. This capacitive current

component is linearly proportional to the excitation voltage. Refer to Figure 3 for the vectorial

relationship between the two components.

US 'I.lllu"S F 3

Inductive Capacitive
Component Component

(% 2

F 3

a ch

VS  is the supply voltage

Im  is the magnetizing component of the excitation current

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 20:48:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.123-2019


http://www.avadocuments.com/doc/ieee-c57-123-2019
http://www.avadocuments.com/doc/ieee-c57-123-2019

