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Abstract: Recommendations are made, where possible, regarding the performance and evaluation 
of temperature rise tests on liquid-immersed power transformers beyond nameplate ratings in this 
recommended practice. The intent is to assist power transformer manufacturers, and the ultimate 
users, in evaluating thermal performance of the transformers under varying loads.

Keywords: bottom oil temperature, conditioning loads, hottest spot factor, IEEE C57.119™, liquid-
immersed, loading, load tap changer, power transformers, rated load, thermal capacity, top oil 
temperature
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

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

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

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

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

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

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

Official statements

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

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

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

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. A current 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://​ieeexplore​.ieee​.org/​ or 
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards 
development process, visit the IEEE-SA Website at http://​standards​.ieee​.org.

Errata

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

Patents

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

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

This introduction is not part of IEEE Std C57.119-2018, IEEE Recommended Practice for Performing Temperature Rise 
Tests on Liquid-Immersed Power Transformers at Loads Beyond Nameplate Ratings.

This introduction provides background related to the development of this recommended procedure. Additional 
information may be found in Annex B.

Over the years, there has been a marked increase in the practice of loading transformers beyond their 
nameplate rating. In the past, many transformers were loaded beyond nameplate rating only during short time 
emergencies. Today, many users have established loading practices that subject transformers to loads beyond 
nameplate rating on a planned basis during periods of seasonal or daily peak loads, in addition to unexpected 
loads occurring during short or long time emergencies.

Former ANSI standard C57.91 provided loading guidelines for distribution transformers, IEEE Std C57.92™-
1981 [B9] provided loading guidelines for power transformers rated 100 MVA and below, and 
IEEE  Std  C57.115™-1991 [B10] provided loading guidelines for transformers rated above 100 MVA.1 
All of these documents have been combined into a revised IEEE Std C57.91™.2 These documents provide 
transformer loading guidelines based on judgment gained from years of experience of loading transformers. 
However, prior to this document, no standard test procedure existed to evaluate the consequences of loading a 
transformer at loads beyond nameplate rating.

Investigations carried out in the past by transformer users raised concern about the accuracy of the equations 
and empirical constants used in the transient loading equations of these loading guides. Their experience 
with monitoring operating transformers indicated that transformers could carry loads greater than nameplate 
rating, without apparent damage. Also, there has been concern that ancillary equipment, such as tap changers, 
bushings, and instrumentation may not have the same overload capabilities as the core and coil assembly.

The preceding conditions and concerns led to a desire for a test procedure that would:

a)	 Provide data on the thermal characteristics of liquid-immersed transformers to be used to evaluate 
the accuracy of the equations and empirical constants used in the loading equations in the liquid-
immersed transformer loading guides.

b)	 Demonstrate that a transformer may be loaded with a specified sequence of loads, including loads 
beyond nameplate rating, without exceeding those temperatures specified or agreed upon by the user 
and manufacturer.

c)	 Demonstrate that the ancillary equipment on a liquid-immersed transformer would not impose 
limitations on those loading conditions recommended in the loading guides.

This recommended practice describes three test procedures. Clause  9 describes a test procedure for 
determining the thermal characteristics of an oil-immersed power transformer. Clause 10 describes a test 
procedure for performing load cycle temperature rise tests to assess the capability of a transformer to be loaded 
with a specific load cycle. Clause 11 describes a recommended integrated procedure for determining thermal 
characteristics and performing a load cycle temperature rise test.

It is anticipated that data obtained from tests performed in accordance with these procedures will assist in 
improving the accuracy of the assumptions and equations used in future loading guides.

1The numbers in brackets correspond to those of the bibliography in Annex D.
2Information on references can be found in Clause 2.
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References to other standards have been updated where applicable and all units of measurements are specified 
in metric units only, wherever practical.

All cooling class designations have been replaced with new cooling class designations per cooling class 
designations from IEEE Std C57.12.00™ latest revision.

The latest 2017 changes to this were made to bring this recommended practice in conformance with the 
Transformers Committee general agreement on the use of the wording liquid-immersed instead of oil-
immersed in the body of the Transformer Standards and Guides. These “Recommendations to the IEEE 
Transformer Committee (TC) on Recommended Changes, Deletions, and Insertions Related to Normalizing 
the References of Insulating Liquids throughout the IEEE TC Standards Series” were presented to the TC 
Standards Subcommittee October 22, 2014.

Annex B was not normalized as this is the informative tutorial on this subject and it was thought better to leave 
it in its original form to provide emphasis as to the need for normalizing of references of insulating liquids.
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IEEE Recommended Practice for Performing Temperature Rise Tests on 

Liquid-Immersed Oil Power Transformers at Loads Beyond Nameplate 

Ratings 

1. Overview 

This document consists of three recommended test procedures, each to determine or verify 

transformer thermal capabilities for different purposes. Clause 1 through Clause 8 include 

information applicable to all three test procedures. Clause 9 is a recommended test procedure for 

determining the thermal characteristics of a liquid-immersed an oil power transformer from data 

obtained from three temperature rise tests at three specified loads. Clause 10 is a recommended 

procedure for performing a temperature rise test while applying a varying load, conforming to a 

specified loading profile, to verify that specified transformer temperatures do not exceed guaranteed 

values when the transformer is loaded to the specified loading profile. Clause 11 is a recommended 

procedure, combining the procedures in Clause 9 and Clause 10, with the objective of achieving the 

purpose of both clauses with reduced test time. Clause 11 is similar to Clause 10, except that the 

three loads are selected to simulate the temperatures expected to occur during a specific load cycle. 

Each of the procedures may be performed independent of the other. However, it is recommended 

that tests per Clause 9 be performed before Clause 10, if both tests are to be performed.  

NOTE—IEEE Std C57.12.90™-1999, Chapter 11, states the test procedures to be followed to establish 

the temperature rise at the transformer nameplate ratings.3,4 

 

 

53Information on references can be found in Clause 2. 

4Notes 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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1.1 Scope 

This recommended practice covers temperature rise test procedures for determining those thermal 

characteristics of power transformers needed to appraise the transformer’s load carrying capabilities 

at specific loading conditions other than rated load.  

1.2 Purpose 

These recommended test procedures for performing temperature rise tests on power transformers 

are for the purpose of the following: 

a) Determining the thermal characteristics of a transformer needed to appraise the 

thermal performance of a transformer at loads other than nameplate rating 

b) Verifying that a transformer can be loaded with a specified load profile without 

exceeding specified temperature rise 

c) Assessing a transformer’s performance during transient loading, simulating a load 

cycle that includes loads in excess of nameplate rating 

Tests performed in accordance with Clause 9 are for the purpose of determining transformer 

thermal characteristics in a consistent manner. Data may then be accumulated from a large number 

of transformers and used to evaluate the accuracy of the equations and the empirical constants used 

in the loading guides. 

Tests performed in accordance with Clause 10 are for the purpose of demonstrating the thermal 

effects of loading a transformer with a specified sequence of loads, including loads beyond 

nameplate rating. 

Tests performed in accordance with Clause 11 are for the combined purposes of determining the 

thermal characteristics of a transformer and demonstrating the thermal effects of loading with a 

designated load cycle. This is accomplished by performing temperature rise tests at three loads, 

similar to Clause 9, except the three loads are selected to simulate the thermal effects of a specific 

load cycle. 
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It is not intended that all of these procedures be performed on a transformer design. It is intended 

that only one of the following combinations of test procedures be specified: 

 — Clause 9 only, when thermal characteristics are to be determined 

— Clause 10 only, when only verification of complying with temperature limits when 

loaded to a specific load profile is needed 

— Clause 9 plus Clause 10, when both thermal characteristics and verification of 

compliance with temperature limits when loaded to a specific load profile are needed 

— Clause 11 when both thermal characteristics and verification of compliance with 

temperature limits when loaded to a specific load profile are required, and the load 

profile can be represented with three steady state loads. 

The user should specify which of the test procedures are required at the time of specification.  

A further purpose of these procedures is to obtain information with respect to possible loading 

limitations imposed on the transformer by liquid oil levels and ancillary equipment when the 

transformer is operated at loads beyond nameplate rating. 

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. 

IEEE Std 1538™, IEEE Guide for Determination of Maximum Winding Temperature Rise in Liquid-

Filled Transformers.5,6 

53The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics 

Engineers, Incorporated. 

64IEEE publications are available from the Institute of Electrical and Electronics Engineers  445 Hoes Lane, P.O. Box 1331, 

Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/). 
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This recommended practice shall be used in conjunction with the following publications. When the 

following standards are superseded by an approved revision, the revision shall apply. 

ANSI C57.12.10-1997, American National Standard for Transformers 230 kV and Below 833/958 

through 8333/10 417 kVA, Single-Phase, and 750/862 through 60 000/80 000/100 000 kVA, Three-

Phase without Load Tap Changing; and 3750/4687 through 60 000/80 000/100 000 kVA with Load 

Tap Changing—Safety Requirements.1 

IEEE PC57.130TMD13, Draft Guide for the Detection and Identification of Gases Generated in Oil 

Immersed Transformers During Factory Tests.2 

IEEE Std C57.12.00™-2000, IEEE Standard for General Requirements for Liquid-Immersed 

Distribution, Power, and Regulating Transformers. 3, 4 

IEEE Std C57.12.10™, IEEE Standard Requirements for Liquid-Immersed Power Transformers. 

IEEE Std C57.130™, IEEE Guide for the Use of Dissolved Gas Analysis Applied to  Factory 

Temperature Rise Tests for the Evaluation of Oil-Immersed Transformers and Reactors. 

IEEE Std C57.12.80™-1978 (Reaff 1992), IEEE Standard Terminology for Power and Distribution 

Transformers. 

IEEE Std C57.12.90™1999, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and 

Regulating Transformers and IEEE Guide for Short Circuit Testing of Distribution and Power 

Transformers. 

IEEE Std C57.91™1995, IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-

Voltage Regulators. 

1ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, 

New York, NY 10036, USA (http://www.ansi.org/). 

2This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For 

information about obtaining a draft, contact the IEEE. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 11:54:50 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C57.119-2018

http://www.avadocuments.com/doc/ieee-c57-119-2018
http://www.avadocuments.com/doc/ieee-c57-119-2018


 

 

IEEE Std C57.104™1991, IEEE Guide for the Interpretation of Gases Generated in Oil-Immersed 

Transformers. 

NOTE—At the time this guide was approved, IEEE PC57.130, Draft Guide for Gas Analysis During 

Factory Tests was in the development process. When issued, it should be used as a reference instead 

of IEEE Std C57.104-1991. 

3. Definitions, symbols, and subscripts 

3.1 Definitions 

For the purposes of this recommended practicedocument, the following terms and definitions apply. 

Unless otherwise specified, transformer-related terms are defined in IEEE Std C57.12.80-19785. The 

Authoritative of  IEEE Standards Terms [B10]6Dictionary Online should be referenced consulted for 

terms not defined in this clause.7 

average winding temperature: The average temperature of the hottest winding as determined from 

the ohmic resistance measured across the terminals of the winding in accordance with the cooling 

curve procedure specified in IEEE Std C57.12.90-1999. 

average winding temperature rise: The arithmetic difference between the average winding 

temperature of a winding and the average ambient temperature of the air surrounding the 

transformer. 

directed flow (oil liquid-immersed forced oil cooled transformers): This indicates that the 

principal part of the pumped oil from heat exchangers or radiators is forced, or directed, to flow 

through specific paths in the winding. 

equilibrium temperature: A temperature of a measured quantity that does not vary by more than 

2.5% or 1 °C, whichever is greater, during a consecutive 3-hour h period. 

 

7IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. 
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exponent m: One-half of the exponential power of per unit load current K versus hottest-spot 

winding temperature rise. 

NOTE—This definition of m is not in strict accordance with the definition in previous loading guides 

IEEE Std C57.92™ 1981 [B9] and IEEE Std C57.115™1991[B10].8 These loading guides defined the 

exponent m as a function of losses but used it as an exponent of the load [see Annex A, Equation 

(A.2)]. The preceding definition above is in accordance with the use of the exponent in the equations 

in these documents and with the definition in IEEE Std C57.91-20111995. 

exponent n: The exponential power of (K2R + 1)/(R + 1) versus top oil temperature rise. 

NOTE—This definition of n is not in strict accordance with previous loading guides IEEE Std 

C57.92-1981 [B9] or IEEE Std C57.115-1991TM[B10]. These loading guides defined n as an exponent of 

the total loss versus top oil temperature rise. However, the loading guides calculate the ultimate top 

oil temperature rise at any per unit load K using a function of load, (K2R + 1)/(R + 1), to estimate the 

total losses. Because of assumptions made to simplify this loss function, the exponent obtained 

experimentally from a plot of measured losses versus temperature rise may be different than an  

exponent determined as a function of (K2R + 1)/(R + 1). In this procedure, n is defined and 

experimentally determined as a function of (K2R + 1)/(R + 1) rather than the losses, to be consistent 

with its use in the equations in the previous loading guides and with IEEE Std C57.91-1995TM 2011. 

heat exchanger: An oil insulating liquid-to-air, or oil insulating liquid-to-water, heat exchanging 

device attached to an oil-filled insulating liquid-filled transformer for the purpose of exchanging 

heat from the transformer oil insulating liquid to the ambient media, typically requiring pumps for 

oil insulating liquid circulation and fans for circulation of the ambient air across the heat exchanging 

surfaces. 

hottest spot temperature: The maximum temperature of the surface of any current-carrying 

conductor in contact with oil insulating liquid or insulation. See also: winding hottest spot 

temperature. 

86The numbers in brackets correspond to those of the bibliography in Annex D. 
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liquid oil-immersed transformer: A transformer in which the core and coils are immersed in an  

insulating liquid insulation oil. 

non-directed flow (oil liquid-immersed forced oil cooled transformers): This indicates that the 

pumped oil insulating liquid from heat exchangers or radiators flows freely inside the tank, and it is 

not forced to flow through the winding. 

radiator: An oil A liquid -to-air heat exchanging device attached to a transformer for the purpose of 

exchanging sufficient heat from the transformer oil insulating liquid to the ambient air by natural 

convection of oil insulating liquid and air to comply with the ONAN rating temperature rise 

requirements. Additional heat may be exchanged by the addition of forced circulation of the 

ambient air or oil liquid. 

transformer: A liquid An oil -immersed power transformer rated in accordance with IEEE Std 

C57.12.00-2000 and IEEE Std ANSI C57.12.10-1997. 

top oil liquid temperature: The temperature measured below the top surface of the oil insulating 

liquid in a transformer in a location to represent the average temperature of the topmost layer of 

liquid oil in the transformer. It is the temperature of the mixed liquid oil that has circulated across 

the various heated surfaces inside the transformer and risen toward the top surface.  

winding hottest spot temperature: The maximum temperature of the surface of any winding 

conductor in contact with insulation or liquid oil. 

3.2 Symbols 

Symbols listed in is this subclause and used in equations throughout this document have been 

selected in accordance with standard symbols adopted by the IEEE Transformers Committee, 

October 1988. Additional symbols, when required, were assigned following the style of the adopted 

symbols. 
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Users of this procedure are cautioned that some of these symbols may be different from those used 

in the referenced loading guides, which do not use symbols consistently. These loading guide 

equations have been rewritten in Annex A using symbols consistent with this document. 

Unless otherwise expressed, all temperatures and temperature differences are in degrees Celsius, 

and all times and time constants are in hours. 

C is the thermal capacity of transformer (watt-hours/°C); also used 

as an abbreviation for degrees Celsius, as in °C 

e     is the base of natural logarithm, 2.71828, (dimensionless) 

FH     is the hottest spot factor (dimensionless) 

IL1, IL2, IL3    are the load currents corresponding to loads L1, L2, L3 (A). 

In1, In2, In3, ... Inj  is the incremental current added to the load current for each 

interval of the load cycle test (A). 

 IR      is the rated line current at 100% of maximum nameplate rating. 

IT1, IT2, IT3  is the total current during tests simulating loads, L1, L2, and L3, 

equal to the sum of the load current and an additional current to 

simulate no-load losses (A). 

K     is the ratio of load L to rated load (dimensionless). 

Kc      is the ratio of conditioning load to rated load (dimensionless). 

KT1, KT2, KT3  is the ratio of per unit loads simulated by the three temperature 

rise tests, 9.5, 9.6, and 9.7, to the rated load (dimensionless). 

KL1, KL2, KL3  is the ratio of per unit current (reduced currents) held at the ends 

of the tests 9.5, 9.6, and 9.7 to the rated load current 

(dimensionless). 
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L     is the load under consideration in any units. 

Lc  is the rms load of a 12h hour period preceding the period in the 

load cycle selected for the initial load (kVA). 

LR      is the rated load (kVA). 

L1, L2, L3  are the loads simulated by temperature rise tests at reduced load 

(10.6), rated load (10.5), and load beyond nameplate rating (10.7) 

(kVA). 

L1, L2, L3, ... Lj    are the loads held during time intervals, t1, t2, t3, ... tj (kVA). 

m  is (oil hottest-spot winding exponent) one-half the exponential 

power of per unit load current K versus winding temperature rise 

(see NOTE in 3.1.5., exponent m) 

n is the exponential power of (K2R + 1) / (R + 1) versus top oil 

temperature rise (see NOTE in 3.1.6., exponent n) 

ΔP     is the change in total loss due to change in load current (W). 

PNL      is the no-load loss corrected to the reference temperature  

     specified in IEEE Std C57.12.00-2000. 

 PR  is the total loss at rated load current equal to the sum of the load 

loss at rated current and no load loss, both determined per IEEE 

Std C57.12.90-1999 and corrected to reference temperatures as 

specified in IEEE Std C57.12.00-2000. 

 PL1, PL2, PL3  are the total measured losses at loads L1, L2, L3, respectively, 

when temperatures have stabilized (W). 

R is the ratio of load loss at rated load to no-load loss 

(dimensionless). 
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t     is the duration of load (h). 

 t1, t2, t3, ... tj    are the time periods into which the load cycle is divided (h). 

ΔΘAO, W  is the average oil insulating liquid temperature rise of oil 

insulating liquid in winding over ambient temperature (°C). 

ΔΘBO  is the bottom oil insulating liquid temperature rise over ambient 

temperature (°C). 

ΔΘH  is the winding hottest-spot temperature rise over top oil 

insulating liquid temperature (°C). 

ΔΘH, R  is the winding hottest-spot temperature rise over top oil 

insulating liquid temperature at rated load (°C). 

ΔΘTO, R  is the top oil insulating liquid temperature rise over ambient 

temperature at rated load (°C). 

ΔΘTO  is the top oil insulating liquid temperature rise over ambient 

temperature (°C). 

ΔΘTO, i  is the initial top oil insulating liquid temperature rise at the 

beginning of the load cycle (°C) test, t = 0 (°C). 

ΔΘTO, 1, ΔΘTO, 2, ΔΘTO, 3  is the top oil insulating liquid temperature rise over ambient 

temperature when temperatures have stabilized during loads L1, 

L2, L3, respectively (°C). 

ΔΘTO, U  is the ultimate top oil insulating liquid temperature rise for load L 

(°C). 

ΔΘTO/A  is the temperature rise of top oil insulating liquid above the 

ambient air temperature (°C). 
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