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Abstract: Guidelines for the following are included in the standard: insulating liquid maintenance
and diagnostics, liquid reclamation, testing methods for the determination of remaining insulation
(paper) life, and upgrades of auxiliary equipment such as bushings, gauges, de-energized tap
changers (DETCs), load tap changers (LTCs) (where applicable), and coil re-clamping. The goal of
this guide is to assist the user in extending the useful life of a transformer.
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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 notic-
es 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-uce, a.>
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards As-o-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensu de-
velopment process, approved by the American National Standards Institute (“ANSI”), which by gs ~ecther
volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standarc: are doc-
uments developed through scientific, academic, and industry-based technical working grou,s. Volunteers in
IEEE working groups are not necessarily members of the Institute and participate without cam sensation from
IEEE. While IEEE administers the process and establishes rules to promote fairness in the consc 1sus develop-
ment process, IEEE does not independently evaluate, test, or verify the accuracy of ai.> o' "the information or
the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, C= el vironmental protection, or ensure
against interference with or from other devices or networks. Implemente. anu users of IEEE Standards doc-
uments are responsible for determining and complying with all ap ropriate safety, security, environmental,
health, and interference protection practices and all applicabl> lav.s ai.!<egulations.

IEEE does not warrant or represent the accuracy or conf:nt of tiie material contained in its standards, and
expressly disclaims all warranties (express, implied and sta.**<ry) 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, accura<y, >ffeciiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditiens i=lat.ng to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITr1 ..LL FAULTS.”

Use of an IEEE standard is wholly olu tary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test; me 'sure, purchase, market, or provide other goods and services related to
the scope of the IEEE standar:.. t urthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change ro. oht about through developments in the state of the art and comments received
from users of the standard.

In publishing and mak »eo/its standards available, IEEE is not suggesting or rendering professional or other
services for, or'vn behalt of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person ¢ - enti 'y to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own ina nendent judgment in the exercise of reasonable care in any given circumstances or, as appropri-
ate, se"k the auvice of a competent professional in determining the appropriateness of a given IEEE standard.

I17.NO L VENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
SXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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, >t
educational courses, an individual presenting information on IEEE standards shall make it clear that his o 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 interestud par, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting infor.atio - or e.dvice pertain-
ing to IEEE Standards documents. Suggestions for changes in documents she 1lé o in u.c form of a proposed
change of text, together with appropriate supporting comments. Since IEEE sta. dar s represent a consensus
of concerned interests, it is important that any responses to comments anc questiouis also receive the concur-
rence of a balance of interests. For this reason, IEEE and the members «f < cocieties and Standards Coordi-
nating Committees are not able to provide an instant response to cor.uients or questions except in those cases
where the matter has previously been addressed. For the same reasor . IE) .E does not respond to interpretation
requests. Any person who would like to participate in revisicas to an [EEE standard is welcome to join the
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Caard
445 Hoes Lane
Piscataway, NJ 08854 IS4

Laws and regulations

Users of IEEE Standards dscu. ~er.s should consult all applicable laws and regulations. Compliance with the
provisions of any IEEF Sta. dards document does not imply compliance to any applicable regulatory require-
ments. Implementer: of ti = standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE doc - 1iot, by the publication of its standards, intend to urge action that is not in compliance
with applicabl< . ws, and whese documents may not be construed as doing so.

Copyrighws

I EE au ft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
The, arc made available by IEEE and are adopted for a wide variety of both public and private uses. These
inciude 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 adop-
tion 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 Ser-
vice, 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 tim. by
the issuance of new editions or may be amended from time to time through the issuance of amendments, ~orr:
genda, or errata. An official IEEE document at any point in time consists of the current edition of e accurent
together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is"»or: than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contunts, al hough still of
some value, do not wholly reflect the present state of the art. Users are cautioned to theck to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edit'on ind whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE ¥ picie at http://ieeexplore.ieee.org/
or contact IEEE at the address listed previously. For more informatic n about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standaids.icaeorg.

Errata

Errata, if any, for all IEEE standards can be access:d on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Ur<o e re encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibii.i;7 ti at implementation of this standard may require use of subject matter
covered by patent rights. By pabl.cation of this standard, no position is taken by the IEEE with respect to the
existence or validity of an, pa ~ntrights in connection therewith. If a patent holder or patent applicant has
filed a statement of assiranc = via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://stanc ards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter "=-willing or unwilling to grant licenses under patent rights without compensation or
under reasonabic rates, wiu reasonable terms and conditions that are demonstrably free of any unfair discrim-
ination tG app. cants desiring to obtain such licenses.

Esseni al Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not re-
~oo.nib. = for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
inv> the 1:gal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
rovided 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 valid-
ity 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 C57.140-2017, IEEE Guide for Evaluation and Reconditioning of Liquid Im-
mersed Power Transformers.

At the turn of the century, approximately one-half of all transformers used in the electric utility industry
reached their 30-year design life. Because of today’s economics, many of these transformers will be called
upon to supply reliable service for an additional 20 to 30 years. Transformer owners intending to extend the
equipment life should address the key areas of economics, inspection and diagnostics, expected cost of failure/
loss of production; and materials and design.

A comprehensive economic study should be carried out before the investment of significant resources .2 re-
condition a transformer. This study involves load forecasts, reserve margins, new capacity plans, cost-henc 5t
analyses, operating costs, capital costs, and continued reliability and availability.

Once a financial decision to extend the transformer life is made, an inspection and diagnosti= strategy should
be determined. This evaluation should include the following: manufacturer, size, age, operatiag history, ther-
mal load, electrical tests, maintenance history, and failure history.

New materials, major component replacement, and other design changes mav s> an'cct the life extension
decision of units manufactured in the last 50 years. The development of better cc e st el and better solid insu-
lation has been ongoing for a number of years. The better operating efficicncy of .ew materials may remove
the economic advantage for life extension.

Material added to this document includes information on corrosive .ulfu in the insulation liquid and correla-
tion curves of furanic content with degree of polymerization. 1 2erc 2re also sections and updates with 5.4 solid
insulation system analysis, power factor, and information ¢ freq ency response analysis.
Acknowledgement

Grateful acknowledgement is given to CIG™E [~ granting permission to reprint copyrighted material from
“Technical Brochure N 445, Guide for Tr wisto mer Maintenance” and Technical Paper “New diagnostic for
High Voltage Bushings.”
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This standard is dedicuted to vie memory of our friend and colleague, Roland James.

8
Copyright © 2017 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-c57140-2017-pdf/

Contents

Lo OVIVICW ..ttt ettt ettt e et s et et e et e bt e e e b e m e et e em et eh et e ee e e bt e aee s et emteebeems e et e enbeeseenteeneenneenes 10
L oo o OO SRR 10
L2 PUIPOSE .ottt ettt ettt ettt e h et e e bt e e e bt e et e bt e e ekt ea e bt en et bt e n et bt et e ene e bt eneeaeenean 10

2. NOTIMALIVE TETETEICES ....nviutiniinieiieiieii ettt ettt ettt b bbbt b e bt st e bttt e st ebe e bt ebeebesbeebe b e 10

3. Definitions, acronyms, and abDIeVIAtIONS ..........ccueeiiruiriiirieie ettt ee e eeeaeas 12
T B D 1< 311 115 10 4 LSOO RUSRUPUSRR 12
3.2 Acronyms and abDIEVIAtIONS .........eouiiuieiuiiieiieiieitt ettt sttt ettt et e bt et saeeaeseeeaesaees 12

4. RISK @SSESSIMEIIL. c..c.vititititeiteteit ettt ettt ettt et e b bt bbb b sttt e e et esteseebeebeebeseees e ee '3
4.1 TmMPact ON the SYSEEIM ....cuiiuiiiieiiiiieieeie ettt ettt e esseeeesseesesneenseenees .. lageee- 3 14
4.2 VIIEAZE ..ottt ettt b ettt ettt ettt eh bt bbbttt be b sttt e e enn | eeueas .15
4.3 Vacuum withstand capability........c.cccoeeieriiiiiriiiiiieieeeeie et eeee s e ens 15
4.4 Paper and PresShOArd........c..evieieriieierieieee ettt enees s 15
4.5 Accessibility and spare parts availability ..........cccooveeiirieriinieiieee s S e 16
4.6 OperatioNal NISTOTY .......ccuieiieiieiieieie et sre e sneeae e e siaens renee aeseeseenseenes 16
4.7 Type Of CONSLIUCTION ....vouvieiiiiieiiieiieie ettt sree e e e s ettt ens 17
4.8 Maintenance and repair hiSTOTY .......ccoovveririieriiieeieieeieie et eerees ereesesseeseesaenseeneenseenes 17
4.9 Operating CNVITONIMENE........cc.verieeeierteeterteetesteetesteesesseesesseeseeseessineesseessest esesseesesssesesssensenssenseenes 18
4.10 Failure MECHANISINS .....c.coiiuiiiiiiirtirtirtietentesteteteeetet ettt st e | etestentete st et et et eseebeebesbeebeebesbenaens 18

5. DIAGNOSTIC TESTS ..eeutieiiitieiieitiete ettt ettt ettt et ] eetee et e bt et et e et et e st et e e eae et enee e eneas 26
5.1 Dissolved gas analySiS......ccooeeuereeriiiieiienieieeiene e e s e et 26
5.2 Liquid quality assessment (PhySiCal teSES).......cuiruirieril et et 28
5.3 CorTOSIVE SUITUT ...ttt ettt et ettt ettt ettt sae et s eaeeneas 28
5.4 Solid insulation SYSteM aNalYSIS ....c..eeuveuirieriirieiies e ittt 29
5.5 Capacitance, power factor, and dissipation faCtOr...........ccovieriiieriiiereeeee e 31
5.6 Frequency reSponse analySis ........eeueiieiscs oottt ettt 34
5.7 Partial diScharge deteCtioN..........ceeiictiiii it ettt ettt eaeas 36
5.8 INfrared MNSPECTION. .....cevuiiuiiiieee s e ettt sttt ettt ettt ee ettt et e e eae e e eneeaeeneas 37
5.9 Degree Of POLYMETIZATION ...outiveit e ettt ettt ettt e ettt e et e e eaeeneeseeeaeeneas 39
5.10 VIDIation and NOTSE ... ...eereieuii ittt ettt ettt ettt ettt e e st e st e st et e es e bt eneenteeneeeaeenteeneeaeeneas 42

6. Condition assessment and T9CONAIE NI ...cveeveriieiertieteeeesteeeeteseessessaeseesaesseesesseessesseensesseessesseessessees 43
6.1 Core and CoMl aSSCMbBI, i .. ittt ettt ne e aeeneas 44
6.2 TP CHANZEIS.....iol ettt ettt ettt et e st e be s te e beese e seesa e seesseseensesseenseeseensesnaensennnas 57
6.3 BUShING AN 700 0T 11 ittt sttt et et eaeeneeneeneenees 60
6.4 TankKs, GASKELS, BLC. ..ioiiriiiieiiieie ittt ettt ettt ettt st e et ebe et e b e ess e teena e st e s e eaeenseeneenenneas 63
6.5 Gauges. indicator? AN TEIAYS ....cveiiiiieiieieiieiec ettt ettt ettt eraeaeenees 67
6.6 Controls, alarms, and ANNUNCIATOTS. .........cooviiiirieeeeteeeeeeeeeeeeeeeteeeeeeeeeeeeeeeaeeeerseeeeeseeeeeareeeeeeeeenreeeas 71
0.7 PULIDS .0ttt ettt et ettt ettt et sa et sae et st eaeen 73
6.8 Radiai>rs, COOLErS, and FANS ..........ccuiiiiiie i e 75

T Logarsing and MOISTUTE TEMOVAL ...o..iiuiiiiiiiiiiieie ettt ettt sttt eee e b et e e ene 76
71 Ofline de-energized processing Methods ...........ooiiiiiiiiiiiiiiiie e 76
7.2 On-line energized liquid dry-out Method............coiiiiiiiiii e 80

Annex A (informative) Alternative insulation HQUid ..........coeoieiiiiiiiiiiiineeee e 81

Annex B (informative) BiblIoGraphy ........coocoiiiiiiiiieee e 82

9

Copyright © 2017 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-c57140-2017-pdf/

IEEE Guide for Evaluation
and Reconditioning of Liquid
Immersed Power Transformers

1. Overview
1.1 Scope

This document provides guidelines for the following: insulating oil maintenance and diagnostics, oil recla-
mation, testing methods for the determination of remaining insulation (paper) life, and upgrades of auxiliary
equipment such as bushings, gauges, de-energized tap changers (DETCs), load tap changers (LTCs) (where
applicable), and coil re-clamping. The goal of this guide is to assist the user in extending the useful life of a
transformer.

1.2 Purpose

The purpose of this guide is to provide guidelines for evaluation and reconditioning of transformers. This
guide should prove helpful to users who do have evaluation and reconditioning programs in place, and who
may not be aware of other activities and processes that are available. The guide is intended as a comprehensive
document to aid users in selecting the proper approaches to upgrading, reconditioning, refurbishing, or other
activities in extending the useful life of a transformer.

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.

ASTM D395, Standard Test Methods for Rubber Property—Compression Set.

ASTM D1275, Standard Test Method for Corrosive Sulfur in Electrical Insulating Liquids.

ASTM D1933, Standard Specification for Nitrogen Gas as an Electrical Insulating Material.

ASTM D4243, Standard Test Method for Measurement of Average Viscometric Degree of Polymerization of
New and Aged Electrical Papers and Boards.

ASTM D5387, Standard Guide for Elements of a Complete Data Set for Non-Cohesive Sediments.
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